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ABSTRACT 

Due to the scarcity of lands featuring favorable soil layers and the high-costs associated with 

deep foundations and other ground improvement techniques, Gravel Compaction Piles (GCP) 

have gained widespread popularity as a ground improvement technique globally. In order to 

maximize efficiency of GCP, it is essential have a thorough understanding of its performance 

on diverse soil conditions. Finite Element Analysis (FEM) can be considered as the most 

suitable method to comprehensively analyze the behavior of GCP-improved ground, prior to 

the implementation of this technique in field. Due to the complications associated with three-

dimensional modelling, most of the researchers tend to do these analyses in two-dimensional 

mode. However, modelling a three-dimensional problem in a two-dimensional mode is quite 

a challenge. In this thesis, it was aimed to find a most accurate approach to model GCP 

improved ground in a two-dimensional mode using PLAXIS 2D Version 20 software. Based 

on the results of validation, Parameter conversion approach was found more appropriate to 

simulate GCP improved grounds under 2D conditions. 

In this study, it was specially expected to investigate the behavior of GCP in Sri Lankan soft 

peaty soil. Moreover, parametric analysis was done to identify the behavior of GCP improved 

ground with the variation different GCP parameters. This thesis presents how permeability, 

stiffness and length of GCP affect the behavior of improved grounds. 

After analyzing the effect of permeability ratios on the behavior of improved grounds, it 

was found that the most optimal and effective permeability ratio is 500. The effect of 

stiffnesses of surrounding soil was found for different permeability ratios. Most suitable 

soil conditions to install GCP was identified with those results. Finally, the critical length 

of GCP has identified as 11 m. 

 

 
Keywords: Gravel compaction piles, soft peaty soil,soil improvement, Numerical modeling,, 

Parametric study 

  



v 
 

ACKNOWLEDGEMENT 

First, I would like to express my deepest gratitude to the principal supervisor of my 

research, Prof. N. H. Priyankara, Senior Lecturer, Department of Civil and 

Environmental Engineering for his enormous support, valuable suggestions, diligent 

efforts and strong encouragement given to me throughout the thesis work. Without his 

guidance and motivational support, this accomplishment would not have been 

possible. Moreover, his deep insight and vast experience in the field of Geotechnical 

Engineering, contributed greatly to the success of this work.  

Then, I'd like to take this opportunity to express my gratitude to my co-supervisor and 

module coordinator Dr. L. I. N. de Silva, for facilitating the research studies and guiding 

students to complete the thesis work within the time frame. 

I'd like to express my gratitude to all the lecturers at the Department of Civil and 

Environmental Engineering, University of Moratuwa for establishing a solid 

theoretical foundation that proved highly beneficial in carrying out the research work.  

Finally, I wish to thank my family members, academic staff members for their support 

and encouragement throughout this period.  

 

Kodikara K.K.J.  (198342V)   



vi 
 

TABLE OF CONTENTS 

DECLARATION………………………………………………………………… i   

ABSTRACT……………………………………………………………………...      ii 

ACKNOWLEDGEMENT………………………………………………………..     iii 

TABLE OF CONTENT …………………………………………………………      iv  

LIST OF FIGURES………………………………………………………………      v 

LIST OF TABLES……………………………………………………………….     vi 

LIST OF ABBREVIATIONS…………………………………………………….    vii 

1. INTRODUCTION TO RESEARCH ............................................................. 1 

1.1 Background ........................................................................................................ 1 

1.2 Problem Statement ............................................................................................. 3 

1.3 Aim and Objectives ........................................................................................... 3 

1.3.1 Aim ............................................................................................................. 3 

1.3.2 Objectives ................................................................................................... 3 

1.4 Significance of the Research Study ................................................................... 3 

2. LITERATURE REVIEW .............................................................................. 5 

2.1 Introduction........................................................................................................ 5 

2.2 Origin and Classification of Peat ....................................................................... 5 

2.3 Properties of Peat ............................................................................................... 5 

2.4 Properties of Sri Lankan Peat ............................................................................ 7 

2.5 Construction Methods Over Soft Peaty Soil ..................................................... 8 

2.5.1 Avoidance ................................................................................................... 8 

2.5.2 Peat Excavation .......................................................................................... 9 

2.5.3 Peat Replacement........................................................................................ 9 

2.5.4 Peat Displacement .................................................................................... 10 

2.5.5 Peat Leave in Place with Improvements ................................................... 11 



vii 
 

2.6 Gravel Compaction piles (GCP) ...................................................................... 14 

2.6.1 GCP Installation Methods ......................................................................... 15 

2.6.2 GCP material ............................................................................................ 16 

2.6.3 Modelling of GCP .................................................................................... 17 

2.6.4 Numerical modelling approaches of GCP ................................................ 17 

2.7 Plane Strain Modelling Approaches of GCPs ................................................. 20 

2.7.1 Parameter conversion approach ................................................................ 20 

2.7.2 Geometry conversion approach ................................................................ 24 

2.7.3 Parametric study ....................................................................................... 25 

2.8 Modelling Using Plaxis 2D Software .............................................................. 26 

2.8.1 Plaxis Soil  Structures ............................................................................... 26 

2.8.2 Plaxis Mesh .............................................................................................. 26 

2.8.3 Plaxis Soil Models .................................................................................... 27 

3. METHODOLOGY ...................................................................................... 33 

3.1 Overall Methodology of the Research ............................................................. 33 

3.2 Utilized Field Data ........................................................................................... 34 

3.2.1 Construction sequence .............................................................................. 35 

3.2.3 Monitoring procedure ............................................................................... 36 

3.3 Methodology to achieve Objective 1 ............................................................... 36 

3.3.1 Input data .................................................................................................. 37 

3.3.2 Calculation Phases .................................................................................... 45 

3.3.3 Generation of Curves ................................................................................ 45 

3.3.4 Model Validation ...................................................................................... 45 

3.3 Methodology to achieve Objective 2 ............................................................... 46 

3.4 Methodology to achieve Objective 3 ............................................................... 47 



viii 
 

4. RESULTS AND DISCUSSION .................................................................. 48 

4.1 Outcomes of Objective 1 (Validation of the model) ........................................ 48 

4.1.1 Parameter Conversion Approach (Approach 1)........................................ 48 

4.1.2 Geometry Conversion Approach (Approach 2) ........................................ 50 

4.1.3 Validation of the model............................................................................. 52 

4.2 Outcomes of Objective 2 (Parametric Study-Drainage conditions) ................ 54 

4.2.1 Permeability of GCP material ................................................................... 54 

4.2.2 Volumetric Compressibility of GCP material ........................................... 58 

4.3 Outcomes of Objective 3 (Parametric Study-GCP length) .............................. 63 

5. CONCLUSION AND RECOMMENDATIONS ........................................ 69 

5.1 Findings of the research project ...................................................................... 69 

5.2 Limitations of the research project .................................................................. 70 

5.3 Recommendations of the research project ....................................................... 70 

REFERENCES .......................................................................................................... 71 

 

  



ix 
 

LIST OF TABLES 

Table 2. 1 Basic properties of Sri Lankan Peat (Karunawardana et al.,2011). ............ 8 

Table 2. 2 Properties of GCP material ....................................................................... 17 

Table 3. 1 Basic details of GCPs of Southern Expressway Extension Project .......... 34 

Table 3. 2 Material Properties.................................................................................... 38 

Table 3. 3 Modified Plane Strain Parameters ............................................................ 41 

Table 3. 4 Model Calculation Phases......................................................................... 45 

Table 3. 5 GCP Length Variation ............................................................................... 47 

Table 4. 2 Comparison of model behaviors with field data ....................................... 54 

Table 4. 3 Permeability ratios and GCP Permeability ............................................... 55 

Table 4. 4 Developed porewater pressures under different permeability ratios ........ 56 

Table 4. 5 Final vertical displacement relevant to different permeability ratios ....... 58 

Table 4. 6 Volume compressibility ratios and column stiffness ................................ 59 

Table 4. 7 Variation of compressibility ratio with permeability ................................ 60 

Table 4. 8 Maximum porewater pressure for each volume compressibility and 

permeability ratios ..................................................................................................... 60 

Table 4. 9 Final Settlements under different volume compressibility ratios ............. 63 

Table 4. 10 Lateral displacement increment peat mid depth (Point C) …………….65 

 

 

  

  

  



x 
 

LIST OF FIGURES 

Figure 1. 1 A land with deep layers of soft soil ........................................................... 1 

Figure 1. 2 Different load transfer mechanisms .......................................................... 2 

Figure 2. 1 Peat Excavation (Carlsten, 1995 cited in Munro, 2004) ........................... 9 

Figure 2. 2 Peat Replacement (Carlsten, 1995 cited in Munro, 2004) ........................ 9 

Figure 2. 3 Displacement method (Carlsten, 1995 cited in Munro, 2004) ................ 10 

Figure 2. 4 Construction techniques under peat leave in place (Ibrahim et al., 2017)

 ................................................................................................................................... 11 

Figure 2. 5 Dry – top - feed method process (Taube, 2001 cited in Jamal et al., 2020)

 ................................................................................................................................... 15 

Figure 2. 6 Wet- top- feed method process (Taube, 2001 cited in Jamal et al., 2020)

 ................................................................................................................................... 16 

Figure 2. 7 Dry– Bottom feed method process (Taube, 2001 cited in Jamal et al., 2020)

 ................................................................................................................................... 16 

Figure 2. 8 Simplification of unit cell model ............................................................ 18 

Figure 2. 9 Longitudinal gravel trenches in Plane strain model ................................ 19 

Figure 3. 1 Overall Research Methodology .............................................................. 33 

Figure 3. 2 Representative cross section of GCP improved embankment section of 

Southern Expressway Project .................................................................................... 34 

Figure 3. 3 GCP installation pattern .......................................................................... 35 

Figure 3. 4 Construction sequence of GCP improved Embankment section ............ 35 

Figure 3. 5 Methodology to achieve objective 1 ....................................................... 36 

Figure 3. 6 GCP Smear Zone ..................................................................................... 39 

Figure 3. 7 Geometry model using Parameter conversion method ........................... 42 

Figure 3. 8 Geometry model using Geometry conversion method ........................... 43 

Figure 3. 9 Model Boundary Conditions ................................................................... 44 



xi 
 

Figure 3. 10 Generated Model Mesh ......................................................................... 44 

Figure 3. 11 Methodology of Objective 2 ................................................................. 46 

Figure 3. 12 Methodology of Objective 3 ................................................................. 47 

Figure 4. 1 Graph of Settlement vs Time for parameter conversion method ............ 48 

Figure 4. 2 Graph of Pore water pressure vs Time for parameter conversion method

 ................................................................................................................................... 49 

Figure 4. 3 Graph of Settlement vs Time for geometry conversion method ............. 50 

Figure 4. 4 Graph of Pore water pressure vs Time for geometry conversion method

 ................................................................................................................................... 51 

Figure 4. 5 Settlement variation in the center of the embankment ............................ 52 

Figure 4. 6 Settlement variation in the RHS of the embankment .............................. 52 

Figure 4. 7 Comparison of PWP variation ................................................................ 53 

Figure 4. 8 Variation of porewater pressure under different permeability ratios....... 56 

Figure 4. 9 Variation of settlement under different permeability ratios .................... 57 

Figure 4. 10 Variation of pore water pressure under different volume compressibility 

ratios .......................................................................................................................... 59 

Figure 4. 11 Variation of PWP under different volume compressibility and 

permeability ratios ..................................................................................................... 61 

Figure 4. 12 variation of settlement under different volume compressibility ratios . 62 

Figure 4. 13 Variation of settlement under different volume compressibility and 

permeability ratios ..................................................................................................... 62 

Figure 4. 14 Selected points for curves of 5 m GCP length ...................................... 63 

Figure 4. 15 Variation of lateral displacement for 11 m piles ................................... 64 

Figure 4. 16 Variation of lateral displacement for 5 m piles ..................................... 64 

Figure 4. 17 Variation of lateral displacement for 20 m piles ................................... 65 

Figure 4. 18 Variation of lateral displacement at Point C .......................................... 66 



xii 
 

Figure 4. 19 Negative lateral displacements of 11 m piles ........................................ 67 

Figure 4. 20 Variation of lateral displacement with depth ......................................... 67 

Figure 4. 21 Variation of maximum lateral displacement with pile length ............... 68 

 

 
 
Figure 4. 1 Graph of Settlement vs Time for parameter conversion method ............ 48 

Figure 4. 2 Graph of Pore water pressure vs Time for parameter conversion method

 ................................................................................................................................... 49 

Figure 4. 3 Graph of Settlement vs Time for geometry conversion method ............. 50 

Figure 4. 4 Graph of Pore water pressure vs Time for geometry conversion method

 ................................................................................................................................... 51 

Figure 4. 5 Settlement variation in the center of the embankment ............................ 52 

Figure 4. 6 Settlement variation in the RHS of the embankment .............................. 52 

Figure 4. 7 Comparison of PWP variation ................................................................ 53 

Figure 4. 8 Variation of porewater pressure under different permeability ratios....... 55 

Figure 4. 8 Variation of porewater pressure under different permeability ratios....... 56 

Figure 4. 10 Variation of settlement under different permeability ratios .................. 57 

Figure 4. 11 Variation of pore water pressure under different volume compressibility 

ratios .......................................................................................................................... 59 

Figure 4. 12 Variation of PWP under different volume compressibility and 

permeability ratios ..................................................................................................... 61 

Figure 4. 13 variation of settlement under different volume compressibility ratios . 62 

Figure 4. 14 Variation of settlement under different volume compressibility and 

permeability ratios ..................................................................................................... 62 

Figure 4. 15 Selected points for curves of 5 m GCP length ...................................... 63 



xiii 
 

Figure 4. 16 Variation of lateral displacement for 11 m piles ................................... 64 

Figure 4. 17 Variation of lateral displacement for 5 m piles ..................................... 64 

Figure 4. 18 Variation of lateral displacement for 20 m piles ................................... 65 

Figure 4. 19 Variation of lateral displacement at Point C .......................................... 66 

Figure 4. 20 Negative lateral displacements of 11 m piles ........................................ 67 

Figure 4. 21 Variation of lateral displacement with depth ......................................... 67 

Figure 4. 22 Variation of maximum lateral displacement with pile length ............... 68 

  



xiv 
 

LIST OF ABBREVIATIONS 

ABC  - Aggregate Base Course 

FEM                -          Finite Element Modelling 

GCP  - Gravel Compaction Pile 

OCH  - Outer Circular Highway 

PWP  - Pore Water Pressure 

PVD                -          Prefabricated Vertical Drain 

RHS  - Right Hand Side 

SCP  - Sand Compaction Pile 

SGT  - Soft Ground Treatment 


