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ABSTRACT 

 

 

 

Peninsular Malaysia is located in a low seismic region. Although Malaysia is not located 

in an active fault seismic area, it is in the vicinity of the Sumatran and Philippines active seismic 

zones. Tall buildings frequently felt the tremor generated from Sumatran subduction and fault 

zones especially in states that are near the coastal area of Peninsular Malaysia such as Johor, 

Penang and Terengganu. In general, offshore engineering is known to be one of the most high-risk 

and ultimately extreme engineering field where extra attention and precaution are needed when 

analyzing, designing, monitoring or maintaining a structure in order to ensure the integrity of the 

many structures and components that are involved in this field.  Fixed offshore structures in 

Malaysian waters are not designed to resist earthquake ground motion. However, Malaysia 

actually experienced the tremors due to the earthquakes which happened in neighboring countries. 

Furthermore, any offshore structure design should consider several factors such as wind, wave and 

seismic loads which affect the stability and the integrity of the offshore structure. This research 

was carried out to achieve the main objective which is to develop new attenuation equation. The 

development of new attenuation equation is to determine the ground motion parameter which is 

Peak Ground Acceleration (PGA). The new attenuation equation is In Y = 3.25 – 2.27M + 

2.28M1.13– 2.22ln(R + 360.46 exp (0.05M)) – 0.005H.  An earthquake source parameter such as 

magnitude of earthquake, source to site distance and focal depth of site characteristics function 

must be considered to determine the value of PGA by using the new attenuation equation. The 

range of the PGA values for this study is from 0.00006g to 0.0003g. The value of PGA can be 

used to analyse all the types of structure in mainland and offshore. Non-Linear Earthquake 

Response Analysis (NERA) program was used to determine the time history on the specific 

location of the offshore structure and Finite Element Method (FEM) analysis was used to 

determine deflection of piles effected by the ground movement. The findings in this research 

suggest that seismic loading effects should be considered in the design of offshore structure due to 

displacement of pile arising from ground movement. 
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ABSTRAK 

 

 

 

Semenanjung Malaysia terletak di rantau seismik yang rendah. Walaupun Malaysia 

tidak terletak di kawasan seismik aktif, ia terletak di persekitaran Sumatera dan Filipina 

iaitu zon seismik aktif. Bangunan tinggi sering merasakan gegaran yang terhasil daripada 

Sumatera dan zon sesar terutama negeri yang berdekatan dengan kawasan persisiran 

pantai Semenanjung Malaysia seperti Johor Bahru, Pulau Pinang dan Terengganu. Secara 

umumnya, kejuruteraan luar pesisir dikenali sebagai salah satu bidang kejuruteraan yang 

paling berisiko tinggi di mana perhatian tambahan dan langkah berjaga-jaga diperlukan 

apabila menganalisis, merekabentuk, memantau atau mengekalkan struktur untuk 

memastikan integriti daripada banyak struktur dan komponen yang terlibat dalam bidang 

ini. Struktur tetap di luar pesisir di perairan Malaysia tidak direka untuk menahan gerakan 

tanah apabila berlaku gempa bumi. Walau bagaimanapun, Malaysia sebenarnya 

mengalami gegaran akibat gempa bumi yang berlaku di negara-negara jiran. Tambahan 

pula, struktur luar pesisir yang direka perlu mengambil kira beberapa faktor seperti angin, 

ombak dan beban seismik yang memberi kesan kepada kestabilan dan integriti struktur. 

Kajian ini telah dijalankan untuk mencapai objektif utama iaitu mewujudkan persamaan 

atenuasi baru. Persamaan atenuasi baru diwujudkan untuk menentukan parameter 

pergerakan tanah iaitu Peak Ground Acceleration (PGA). Persamaan atenuasi baru adalah 

In Y = 3.25 – 2.27M + 2.28M1.13– 2.22ln(R + 360.46 exp (0.05M)) – 0.005H. Parameter 

gempa bumi seperti magnitud, jarak antara sumber dengan lokasi dan kedalaman fokus 

mengikut ciri-ciri lokasi perlu diambil kira untuk menentukan nilai PGA dengan 

menggunakan persamaan atenuasi baru ini. Nilai julat untuk kajian ini adalah di antara 

0.00006g hingga 0.0003g. Nilai PGA boleh digunakan untuk menganalisis semua jenis 

struktur di kawasan daratan dan luar pesisir. Program Nonlinear Earthquake Response 

Analysis (NERA) digunakan untuk menentukan time history di lokasi platform luar pesisir 

dan Kaedah Unsur Terhingga (Finite Element Method) digunakan untuk menentukan 

pesongan cerucuk kesan dari pergerakan tanah. Penemuan dalam kajian ini menunjukkan 

bahawa kesan beban seismik perlu dipertimbangkan dalam reka bentuk struktur luar 

pesisir berdasarkan anjakan cerucuk yang terhasil daripada pergerakan tanah. 

 



vii 
 

 

 

 

 

TABLE OF CONTENTS 

 

 

CHAPTER            TITLE                                                   PAGE 

 

DECLARATION                  ii 

DEDICATION                 iii 

ACKNOWLEDGEMENT                iv 

ABSTRACT                   v 

ABSTRAK                  vi 

TABLE OF CONTENTS                          vii 

LIST OF TABLES                           xii 

LIST OF FIGURES                           xv 

LIST OF SYMBOLS                          xx 

LIST OF ABBREVIATIONS                       xxii 

 LIST OF APPENDICES                       xxiii 

 

 

1  INTRODUCTION                  1 

1.1 Background of the Study                1 

1.2 Research Background                 4 

1.3 Problem Statement                 6 

1.4 Objectives                  7 

1.5 Scope of Study                 7 

1.6 Significant of Study                 8 

1.7 Thesis Organization                 8 

 

 

 

 

 

 



viii 
 

2  LITERATURE REVIEW               10 

2.1 Introduction                10 

 2.1.1 Offshore Structure              12 

  2.1.1.1   Type of offshore structures  

  (Jacket Type Platform)            13 

 2.1.2 Offshore Design Criteria             15 

 2.1.3 Codes-Seismic Design Criteria            16 

  2.1.3.1   API-RP2A              17 

  2.1.3.2   Eurocode/ISO             17 

 2.1.4 Seabed Instability              17 

2.2 Attenuation Relationship for Subduction Zone           20 

 2.2.1 Earthquakes               21 

  2.2.1.1   Causes of earthquake            21 

  2.2.1.2   Types of earthquake             24 

 2.2.2 Attenuation Effects on Ground Movement           25 

  2.2.2.1   Introduction of Attenuation            25 

  2.2.2.2   Peak Ground Acceleration (PGA)           26 

  2.2.2.3   Response Spectrum Accelerations (RSA)          26 

 2.2.3 Sumatran Fault              27 

  2.2.3.1   Tectonic setting of Peninsular Malaysia          27 

  2.2.3.2   Sumatran Subduction and Fault Zone          28 

2.3 Shear Wave Propagation              29 

 2.3.1 Seismic Wave               29 

  2.3.1.1   Body waves              30 

     2.3.1.1.1   Compressional waves (P waves)          30 

     2.3.1.1.2   Shear waves (S waves)           31 

  2.3.1.2   Surface waves             31 

     2.3.1.2.1   Love Waves            32 

     2.3.1.2.2   Rayleigh waves            32 

 2.3.2 Seismic Waves and Ground Shaking            33 

 2.3.3 Seismic Phases at the Rock Boundaries           34 

 

 

 

 

 

 



ix 
 

2.4 The p-y Curve Under Earthquake             35 

 2.4.1 Static Pile Analysis              36 

  2.4.1.1   Static-Single Pile             36 

     2.4.1.1.1   Ultimate Capacity           36 

     2.4.1.1.2   End Bearing Resistance           37 

     2.4.1.1.3   Shaft Resistance in Sand           39 

     2.4.1.1.4   Shaft Resistance in Clay           40 

     2.4.1.1.5   Lateral Response            40 

     2.4.1.1.6   Lateral Spreading            43 

  2.4.1.2   Static-Group Pile             50 

 2.4.2 Dynamic Pile Analysis             51 

  2.4.2.1   Dynamic Parameters             51 

     2.4.2.1.1   The ′p-y′ Curve            52 

  2.4.2.2   Dynamic-Single Piles            54 

  2.4.2.3   Load on Group Piles             63 

 2.4.3 Carbonate Soils              66 

2.5 Research Comparison               66 

 

3  METHODOLOGY                         83 

3.1 Introduction                83 

3.2 Methodology                83 

3.3 Development of New Attenuation Equation for 

 Subduction Mechanism              85 

 3.3.1 Regression Method              85 

 3.3.2 Summary of New Attenuation Equation           87 

3.4 Non-linear Earthquake Response Analysis (NERA) Program        88 

 3.4.1 NERA worksheet              89 

3.5 Laboratory work               91 

 3.5.1     Setup the Apparatus              92 

 3.5.2     Laboratory Test              94 

3.6 Concluding Remarks               98 

 

 

 

 

 

 



x 
 

4  ATTENUATION RELATIONSHIP FOR SUBDUCTION ZONE    100 

4.1 Introduction              100 

4.2 Sumatran Subduction Zone            101 

4.3 Attenuation Relationships for Subduction Mechanisms        103 

4.4 Peak Ground Acceleration (PGA) Data          104 

4.5 Peak Ground Acceleration (PGA) Analysis          112 

4.6 Discussion of Summary Analysis for New Attenuation  

Equation              115 

4.7 Concluding Remarks             116 

 

5 NONLINEAR EARTHQUAKE SITE RESPONSE ANALYSIS 

(NERA) PROGRAM                               117 

5.1 Introduction              117 

5.2 Results of Calculation for Borehole           118 

 5.2.1 Shear Wave Velocity            118 

 5.2.2 Site Classification, S            118 

5.3 Analysis of data from NERA Program          124 

 5.3.1 Output Data Analysis from  NERA Program    

(Peak Ground Acceleration, PGA)          124 

 5.3.2 Output Data Analysis from  NERA Program  

(Spectral Acceleration, SA)           130 

5.4 Design Response Spectrum            139 

5.5 Discussion               142 

5.6 Concluding Remarks             143 

 

6 PHYSICAL AND NUMERICAL ANALYSIS FOR GROUND 

MOVEMENT              145 

 6.1 Experimental Study to Obtain p-y Curve          145 

6.2 p-y Curve and Horizontal Modulus of Subgrade Reaction  

(kh)               145 

  6.2.1    Result of LVDT test            148 

   

 

 

 

 

 



xi 
 

6.2.2 Moment Analysis            148 

  6.2.3 Development of p-y Curve           153 

6.3 Numerical Analysis for Pile Deflection          155 

6.4 Pile Soil Interaction Analysis With BNWF Models         156 

  6.4.1 Pile Modeling             157 

  6.4.2 Soil Stiffness Modeling           158 

  6.4.3 Pile-Soil Interface            159 

  6.4.4 Full Transient Analysis           160 

6.5 Result of Analysis (Deflection Graph)          161 

6.6 Discussion               163 

6.7 Concluding Remarks             164 

 

7  CONCLUSION              166 

  7.1 Introduction              166 

  7.2 Conclusions              166 

   7.2.1 Attenuation Relationship for Subduction Zone        167 

   7.2.2 Nonlinear Earthquake Site Response Analysis  

(NERA) Program            167 

   7.2.3 Experimental Study to obtain p-y Curve         168 

   7.2.4 Numerical Analysis for Pile Deflection         168 

  7.3 Recommendations             168 

 

REFERENCES                169        

Appendices  A - E                  180 - 223 

 



xii 

 

 

 

 

LIST OF TABLES 

 

 

 

TABLE NO.              TITLE                  PAGE 

 

2.1  Pile design parameters (ISO 19901-2, (2004))            37 

2.2  p-y curves for short-term static load              52 

2.3  Dynamic p-y curve parameter constants for a range of soil types  

(d = 0.25; L/d = 40; 0.015 < a0 < 0.225             60 

2.4  The summary of the previous research on attenuation relationship          67 

2.5  The summary of the previous research on shear wave           73 

2.6  The summary of the previous research on p-y Curve            75 

2.7  The summary of the previous research on Soil- Pile Interaction          80 

3.1  The database from MMD (10 of 117 data)             86 

3.2  The database from MMD (10 of 117 data)             86 

3.3  Regression variable Results               87 

3.4  Types of worksheet in NERA and their function            89 

3.5  Continues types of worksheet in NERA and their function           90 

3.6  An arrangement of strain gauge on single pile            92 

3.7  Samples of soil                93 

3.8  Sample details                 95 

3.9  The weight of load                98 

4.1  Previous attenuation relations for fault zones           103 

4.2  Previous attenuation relations for subduction zone          104 

4.3  Location of recorded seismology station in Malaysia         107 

 

 

 

 

 

 

 



xiii 

4.4  Subduction earthquake profile for three (3) Events Source (SD 1)  

Southern Sumatera Indonesia             109 

4.5  Subduction earthquake profile for two (2) Events Source (SD 2)  

Sumatera Acheh              110 

4.6  Subduction earthquake profile for two (2) Events Source (SD 3)  

Northern Sumatera Indonesia             110 

4.7  Subduction earthquake profile for one (1) Events Source (SD 4)  

Off West Coast Northern Sumatera Indonesia          111 

4.8  Subduction earthquake profile for one (1) Events Source (SD 5)  

Sulu Archipelago              111 

4.9  Summary of subduction selected earthquake           112 

4.10  Summary of Peak Ground Acceleration at Offshore Structure        113 

4.11  Summary analysis for PGA at KUM station using new attenuation  

equation               114 

4.12  Validation of the new attenuation equation           116 

5.1  Soil description based on Eurocode 8 Based Design (EBD)         119 

5.2  Results of calculation for Borehole 1            120 

5.3  Results of calculation for Borehole 2            121 

5.4  Results of calculation for Borehole 3            122 

5.5  Results of calculation for Borehole 4            123 

5.6  Graph of Peak Ground Acceleration for HNE and HNN for  

Three (3) Events in Southern Sumatera Indonesia          124 

5.7  Graph of Peak Ground Acceleration for HNE and HNN for Two (2)  

Events in Sumatera Acheh             126 

5.8  Graph of Peak Ground Acceleration for HNE and HNN for Two (2)  

Events in Northern Sumatera Indonesia           128 

5.9  Graph of Peak Ground Acceleration for HNE and HNN for an  

Event in Off West Coast Northern Sumatera Indonesia         129 

5.10  Graph of Peak Ground Acceleration for HNE and HNN for an  

Event in Sulu Archipelago             130 

 

 

 

 

 

 

 



xiv 

5.11  Graph of Spectrum for HNE and HNN for Three (3) Events in  

Southern Sumatera Indonesia             131 

5.12  Graph of Spectrum for HNE and HNN for Two (2) Events in  

Sumatera Acheh              133 

5.13  Graph of Spectrum for HNE and HNN for Two (2) Events in  

Northern Sumatera Indonesia             134 

5.14  Graph of Spectrum for HNE and HNN for an Event in Off  

West Coast Northern Sumatera Indonesia           135 

5.15  Graph of Spectrum for HNE and HNN for an Event in Sulu  

Archipelago                136 

5.16  Summary of peak ground acceleration and spectrum acceleration  

for BH01              137 

5.17  Summary of peak ground acceleration and spectrum acceleration  

for BH02               138 

5.18  Summary of peak ground acceleration and spectrum acceleration  

for BH03               138 

5.19  Summary of peak ground acceleration and spectrum acceleration  

for BH04               139 

5.20  IBC site class definition             140 

5.21  IBC site coefficient, Fa             140 

5.22  IBC site coefficient, Fv             141 

5.23  Range of PGA for Perceived Shaking and Potential Damage        143 

6.1  Gauge Coefficient              149 

6.2  Summary of pile deflection             164 



xv 

 

 

 

 

LIST OF FIGURES 

 

 

 

FIGURE NO.            TITLE                               PAGE 

 

1.1  Schematic diagram for far-field effects of earthquakes  

(Balendra and Li, 2008)                 2 

1.2  Displacement vector from 26th December 2004 earthquake  

(Abu et al. 2006)                  3 

1.3  Displacement vector from 28th March 2005 earthquake  

(Abu et al. 2006)                  4 

1.4 Schematic of typical Gulf of Mexico offshore oil and gas platform 

(National Oceanic and Atmospheric Administration, n.d.)             5 

2.1  Worldwide locations of the oil rigs (Dean, 2006)            11 

2.2  The dots represent the locations of high seismic events  

worldwide (Bolt, 1988)               11 

2.3  Jacket type structure with skirt piles schematic diagram  

(Dean, 2006)                 13 

2.4  The installation of top module the jacket type platform  

(Offshore Oil Engineering co. ltd., 2009)             14 

2.5  The type of offshore platform under deeper water (Dean, 2006)          15 

2.6  Loads on offshore platform foundations (Dean, 2008)           16 

2.7  Analysis for soil movement and wave loading on top nodal  

tower response (Mostapha and Naggar, 2005)            18 

2.8   The displacement effected by wave loading and layered soil  

movement on pile (Mostapha & Naggar, 2005)            19 

 

 

 

 

 

 



xvi 

2.9   Bending moment effected by wave loading and layered soil  

movement on pile (Mostapha & Naggar, 2005)            20 

2.10  Types of fault (a) Strike-slip fault (b) Normal fault (Oskin, 2014)          23 

2.11  Reverse Fault (Oskin, 2014)               24 

2.12  Active tectonics and seismologic summary of the Sumatra plate  

boundary (Husen et al., 2013)               28 

2.13  P Waves (Incorporated Research Institution for Seismology, 2015)          30 

2.14  S Waves (Incorporated Research Institution for Seismology, 2015)          31 

2.15  Love Waves (Incorporated Research Institution for  

Seismology, 2015)                32 

2.16  Rayleigh waves                33 

2.17  Phase conversion at the rock boundary (Kayal, 2008)           35 

2.18  Direct and Refracted P-phases (Kayal, 2008)             35 

2.19  Schematic of a Laterally Loaded Pile Response  

(Randolph & Gourvenec, 2011)              41 

2.20  Comparison of laterally loaded pile response  

(Randolph & Gourvenec, 2011)              42 

2.21  Damage to pile by ground displacement (Puri & Prakash, 2008)           43 

2.22  The failure on the well-designed piles of the bridge structure  

(Joseph, 2009)                 44 

2.23  Schematically pile distortion by displacement of lateral soil  

(Finn & Thavaraj, 2001)               45 

2.24  Fully liquefiable soil pile-soil relative displacement            46 

2.25  Non-liquefiable crust pile-soil displacement             46 

2.26  Maximum moments along the pile(Finn, 1999)            47 

2.27  Displacements of pile and free field in liquefiable soil  

(Finn, 1999)                 48 

2.28  Displacements of pile and free field with non-liquefiable  

soil above liquefiable layer (Finn, 1999)             48 

2.29  Bending-Moments of pile and free field in liquefiable soil  

(Finn, 1999)                 49 

 

 

 

 

 

 



xvii 

2.30  Bending-Moments of pile and free field with non-liquefiable  

soil above liquefiable layer(Finn, 1999)             49 

2.31  External area used in the calculation of skin-friction            51 

2.32  The p-y curves for soft clays (Naggar et al., 2005)             53 

2.33  The p-y curves for stiff clays (Naggar et al., 2005)            53 

2.34  The p-y curves for sand layers (Naggar et al., 2005)            54 

2.35  Schematic of Dynamic p-y Analysis Model  

(Boulanger et al., 1999)               55 

2.36  Schematic diagrams for pile analysis (Naggar & Bentley, 2000)          56 

2.37  The comparison of dynamic p-y curve and static p-y curve  

(Naggar & Bentley, 2000)               58 

2.38  Trend of decreasing stiffness with increased displacement  

(Naggar & Bentley, 2000)               61 

2.39  Comparison between Analytical model and the use of static  

p-y data (Naggar & Bentley, 2000)              61 

2.40  Comparison between Analytical model and the use of dynamic  

p-y data (Naggar & Bentley, 2000)              62 

2.41  The p-y curves for single and a pile in a group            62 

2.42  Dynamic Winkler computational non-linear model for pile  

analysis (Finn, 2005)                64 

2.43  Quasi-3D model of soil-pile response (Finn, 1999)            66 

3.1  Flow of methodology                84 

3.2  Procedure for Non-linear Earthquake Response Analysis           88 

3.3  Summary of Experimental work procedure             91 

3.4  Arrangement of strain gauge (a) Schematic view (b) Photograph          92 

3.5  Box used to fill the sample               93 

3.6  Mobile pluviator                94 

3.7  Experimental set up for driving single pile             94 

3.8  LVDT on pile setup                96 

3.9  Static test setup                96 

3.10  Applied load for static test               97 

 

 

 

 

 

 



xviii 

4.1  Geometry of subduction zone             101 

4.2  Subduction zones circle the pacific ocean (Oskin, 2015)         102 

4.3  Location of Offshore Platform at Terengganu Seaside 

(Google Maps, 2015)                   105 

4.4  Subduction Earthquake Location On Maps           106 

4.5  Location of Recorded Seismology Station           108 

5.1  Design Response Spectrum Based on IBC 2003          142 

6.1  Soil reaction (p-y curve) and horizontal modulus of subgrade  

reaction (kh)               147 

6.2  p-y curve for different soil types            147 

6.3  Graph of load (N) against lateral deflection (mm) for six (6)  

testing                148 

6.4  Graph of the deflection against the depth for test 1          150 

6.5  Graph of Lateral Load (N) against maximum bending moment  

(N.cm) for driving energy 2 Joule            151 

6.6  Graph of Lateral Load (N) against maximum bending moment  

(N.cm) for driving energy 4 Joule            151 

6.7  Graph of Lateral Load (N) against the deflection at ground  

surface for driving energy 2 Joule           152 

6.8  Graph of Lateral Load (N) against the deflection at ground  

surface for driving energy 4 Joule           152 

6.9  p-y curve for 2  Joule driving pile energy with different relative  

density of soil              154 

6.10  p-y curve for 4 Joule driving pile energy with different relative  

density of soil               154 

6.11  General view of BNWF model of non-linear dynamic response  

analysis of offshore pile             156 

6.12  Single degree of freedom for spring-mass-damper system         157 

6.13  Typical  Gapping Soil reaction- Pile deflection behavior for  

cohesive soils               159 

 

 

 

 

 

 

 



xix 

6.14  Cave-in Soil reaction-Pile deflection behavior for cohesionless  

soils                160 

6.15  Result of pile deflection for borehole 1           161 

6.16  Result of pile deflection for borehole 2           162 

6.17  Result of pile deflection for borehole 3           162 

6.18  Result of pile deflection for borehole 4           163 



xxii 

 

 

 

 

LIST OF ABBREVIATIONS 

 

 

 

BNWF  - Beam on Non Linear Winkler Foundation 

FEM  - Finite Element Method 

LVDT  - Linear Variable Differential Transducers 

MMD  - Malaysian Meteorology Department 

NERA  - Non Linear Response Analysis 

PGA  - Peak Ground Analysis 

RSA  - Response Spectrum Analysis 

SA  - Spectrum Acceleration 

SSI  - Soil-Structure-Interaction 

 



xx 

 

 

 

 

LIST OF SYMBOLS 

 

 

 

A  - 0.9 for cyclic loading 

Ap  - Gross end area of pile  

As  - Side surface area of pile 

d - Diameter of pile 

D - Material damping constant of the soil layer 

dcone - Diameter of the CPT cone 

deq - The diameter of solid pile of equivalent steel area 

DR - Displacement ratio of the pile 

f - Unit skin friction 

fa - Absolute value of acting axial stress 

Fb  - Allowable bending stress 

fbx - Bending tensile stress, x-direction 

fby - Bending tensile stress, y-direction  

Fxc  - Critical buckling stress 

g - Unit for Peak Ground Acceleration (PGA) 

gal - Unit for Peak Ground Acceleration (PGA) (cm/s2) 

H  - Focal depth of earthquake 

i - An imaginary unit 

k - Depth gradient of the initial subgrade reaction modulus 

M  - Magnitude  

Mw  - Moment magnitude 

Ns - Average SPT Value 

 

 

 

 

 

 

  



xxi 

p - Actual lateral resistance (kPa) 

pa - Atmospheric pressure 

Pr  - The reference soil resistance 

Qf - Skin friction resistance 

Qp - Total end Bearing 

q - End unit bearing capacity 

qbu - Limited bearing pressure 

qc - Cone penetration value 

R  - Distance from the source (hypocentral distance) 

R  - Yield stress ratio/apparent over-consolidation ratio 

r0 - Pile radius 

r1 - Outer radius of the inner zone 

St  - The sensitivity 

su - Cohesion (kPa) 

Vs - Shear wave velocity 

Vs - Average shear wave velocity 

y - Actual lateral deflection (mm) 

Y  - Ground motion parameters 

ε - Strain 

ρ - Area ratio 

δ - Interface friction angle 

υ - Poisson’s ratio of the soil stratum 

ω - Frequency of loading 

σ'vo - Effective overburden stress (Kpa) 

σ’m - The initial men effective stress 

 



xxiii 

 

 

 

 

LIST OF APPENDICES 

 

 

 

APPENDIX         TITLE                 PAGE 

 

A   Comparison of Attenuation for Each Event           180 

B   Depth of Sub-Layer             198 

C   Soil Parameters             202 

D   Peak Ground Acceleration (PGA) Result          206 

E   Experimental Result             218 

 

 



 

 

 

 
CHAPTER 1 

 
 
 
 

INTRODUCTION 

 
 
 
 

1.1 Background of the Study 

 
 
According to Balendra et al. (1990), the earthquake in Sumatera caused the 

far field effect to occur to buildings situated on soft soil elsewhere. Peninsula 

Malaysia is located  on the stable part of the Eurasian plate. However,  neighboring 

countries with an unstable plate can also feel the tremors due to the far field effect 

from the earthquake. Tall buildings in Singapore and peninsula Malaysia can feel 

these tremors from the Sumatera Earthquake. The mechanism for such tremors for 

far field effect of earthquakes is illustrated in Figure 1.1 (Balendra and Li, 1993).  

 

The Sumatera Earthquake produces the seismic wave which travels for a long 

distance before reaching the Singapore bedrock. This is called wave propagation. In 

the wave propagation, the high magnitude of earthquake will dampen out rapidly 

while the low magnitude of waves are more vigorous to energy dissipation. Since the 

wave travels for a long distance. Thus, the seismic waves reach the bedrock of 

Singapore or Peninsula Malaysia in long period waves and the seismic waves also 

significantly amplify due to resonance when they propagate upward through the local 

soft soil sites. The period of propagation is close to the main period of the seismic 

waves. Residents in the building can feel shaking from the amplified waves because 

of the resulting motion. Many researchers have conducted studies to find out whether 

the motions from earthquake can cause damage to the buildings. This includes 
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researchers such as Balendra et al. (2002), Megawati and Pan (2002), Megawati et al. 

(2003) and Megawati et al. (2005).   

 

 

Figure 1.1 :  Schematic diagram for far-field effects of earthquakes (Balendra and 

Li, 2008) 

 
According to Vigny et al. (2005), three general seismic patterns occur in 

Peninsular Malaysia which are inter-seismic or pre-seismic, co-seismic and post-

seismic. These three patterns occur in the subduction zone. The Subduction zone are 

the zones where the widespread recycling of hydrated material such as sediment, 

upper mantle and hydrated oceanic crust occurs at great depth, followed by the 

metamorphic process that will transform it into a series of high pressure mineral 

(Lallemand and Funiciello, 2009).  

 

The pre-seismic is a seismic pattern which occurs before an earthquake  and 

the accumulation of elastic deformation of the upper plate. The pre-seismic pattern 

takes decades or even a century to deform. When the energy is released to the crustal, 

the co-seismic pattern is produced. It is also known as an earthquake occurrence. Co-

seismic pattern occurs in short period of times which is a couple of seconds or 

minutes. The last pattern is the post-seismic pattern. It  occurs after the co-seismic 

pattern and is also referred to  as the stage of equilibrium. After this stage, the 

seismic pattern returns  to a steady condition. However, it will take a couple of 

months, years or decades to go back to that state. Peninsula Malaysia is also involved 



3 
 

in these three stages of seismic patterns due to the immense earthquake that 

happened in the west coast of Sumatera in 2004, 2005 and 2007. Peninsular Malaysia 

can be assumed to be included in seismic changes because it is located about 350 km 

away from circumstances by tectonically stable crust, Indosina-Sundaland and 

surrounded by active seismically zone (Marto et al., 2013). The distance of 

subduction zone is quite near to Malaysia. 

 

According to Abu et al. (2006), the first earthquake in the East-West 

component had a displacement with a magnitude of 18cm. The geodetic technique 

was used by modeling the back to back earthquake of the Sumatera waters to 

determine the displacement magnitude. GPS data was used to analyze the effect on 

the Malaysia Active GPS System (MASS) and the Real-Time Kinematic Net (RTK 

Net) station. The data were recorded from 19 December 2004 to 6 January 2005 and 

from 20 Mac 2005 to 2 April 2005 in Langkawi Island, Penang Island and Arau, 

Perlis. Figure 1.2 and Figure 1.3 show the displacement vector in the station nearer to 

the epicenter for the first earthquake and second earthquake respectively.  

 

 

Figure 1.2 : Displacement vector from 26th December 2004 earthquake (Abu et al. 

2006) 
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Figure 1.3 : Displacement vector from 28th March 2005 earthquake (Abu et al. 2006) 

 

 

1.2 Research Background 

 
 

The Peninsular Malaysia is located in a low-seismic region where the closest 

seismic zones are located approximately 350 km away from the Sumatran seismic 

zones namely Sumatran subduction and fault zones. Although Peninsular Malaysia 

lies on a seismically stable region but structures in this region frequently felt the 

earthquake generated from the Sumatran seismic zones with magnitudes as low as 

5.0. 

 

During an earthquake, fixed offshore structures have a risk of facing strong 

ground motion. The strong motion can cause the deformation of the structure with 

the inelastic range. Earthquake excitation needs to be considered in the design of the 

offshore structure in seismic area. It is to ensure no global structural failure occurs. 

In seismic design, an earthquake is considered by conducting dynamic analysis that 

accounts for non-linear pile soil structure interaction effects.  



5 
 

The offshore structures vary depending on purpose and location. The types of 

offshore structure range from fixed platforms, floating, production and operating 

vessels. With a focus on offshore piles; these vary in strength, configuration and 

lengths. They vary in type but are basically designed to be either compression piles 

or tension piles. In the jacket type platform, in its simplest configuration, a pile is 

hammered through each of its four legs. For larger platforms, additional “skirt” piles 

may be used around each of the leg through sleeves that are attached to the legs. 

Grouting is used for the space between the piles and steel sleeves of the jacket. 

Figure 1.4 shows the schematic of typical Gulf of Mexico offshore oil or gas 

platform. 

 

 

Figure 1.4 : Schematic of typical Gulf of Mexico offshore oil and gas platform 

(National Oceanic and Atmospheric Administration, n.d.) 

 

 

 

 

 

 

(Topside) 
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1.3 Problem Statement 

 

Malaysia is not considered a seismically active zone. However, lately the 

issue of earthquakes within the region is quite alarming. With respect to this issue, a 

comprehensive work is inevitable to source out factors which affect the ground 

movement in offshore structures. Deficiency in analysis on ground movement due to 

earthquake responses is rather a new issue in oil rig designs in Malaysia. Most of the 

design assumed that the dynamic loading is mainly due to the wavy impact of the 

surrounding area without any contribution from the seismic effect.  

 

According to Salem and Haggag (1998), earthquake is one of the contributing 

factors affecting the piles stability. The study showed that the piles experienced 

complete failure when the magnitude of earthquake is 8.0 while some loss of pile 

capacity for the magnitude of 7.5 and below. Therefore, the wave from the epicenter 

is reduced by distance and time. For far field earthquake, the new attenuation 

equation can be established and the effect of shear wave velocity can be investigated 

by considering soil profile using new attenuation equation.  

 

The attenuation relations for earthquake was analyzed on the bedrock. The 

vibration from the earthquake can also be felt for the structure on the ground. It is 

because one of the soil behavior is that it can absorb the vibration with its types and 

properties. The soil profile and depth of each layer of soil is not the same for every 

place. Therefore, the consideration for soil profile and the depth for each layer is 

important in the structural design especially for offshore structures. The Non Linear 

Earthquake Site Response (NERA) was used to investigate the effect of shear wave 

velocity which considers soil profile.  
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1.4 Objectives 

 

The objectives of this research study are as follows: 

 

i. To establish new attenuation equation of subduction zone fault for far 

field earthquakes. 

 

ii. To investigate the effect of shear wave velocity considering soil 

profile. 

 

iii. To analyse the effect of seismic patterns to the p-y curves of the pile. 

 

iv. To investigate the travelling distance of wave with respect to soil 

stratification. 

 

 

1.5 Scope of Study 

 
 
The scopes of this research study are to: 

 
i. identify the soil profile variability. 

 

ii. produce new attenuation relationship for subduction zone for offshore 

structures. 

 

iii. employ software such as Nonlinear Earthquake Site Response 

Analysis (NERA). NERA software was used to analyze the collected 

data, based on some input parameters such as the Peak Ground 

Acceleration (PGA), the strong motion data and soil data of each of 

borehole.     

 

iv. employ software ANSYS to perform finite element study for 

evaluation of pile deflection. 
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1.6 Significant of Study 

 
 

The stability of pile in the offshore structures depends on several factors 

which include earthquake, lateral pressure, vertical loading, etc. Malaysia is a region 

considered free from earthquake. However, the effect of earthquake cannot be 

neglected in offshore structure design because energy from the earthquake can be felt 

for a few miles from the epicenter. Therefore, the attenuation relationship was 

derived to calculate the magnitude that can be felt by the structure in Malaysia. The 

attenuation in the signal of ground motion intensity plays an important role in the 

assessment of possible strong ground shaking. 

 

After deriving the attenuation relationship, the Nonlinear Earthquake Site 

Response Analysis (NERA) program was used to get the information on the output 

of each event of earthquake. The exact magnitude of earthquake, acceleration, 

amplification and frequency are the important output produced by NERA. The 

experimental work was modelled to produce the same situation by resulting the 

relationship between soil force reaction, p, and the pile deflection, y, which produced 

the  p-y curve graph. The last topic for this study is the Finite Element Program 

(ANSYS) to analyze the Pile-Soil Interaction which is important for earthquake 

design of offshore structures in seismic active areas.  

 

 

1.7 Thesis Organization 

 
 

This thesis is consist of eight chapters. The body of this thesis begins with 

Chapter one; Introduction. Following this introduction chapter is chapter two which 

represents a Literature Review for the past and present body of knowledge pertaining 

to attenuation effects on ground movement, subduction zone and attenuation 

relationship. Chapter three presents the methodology for the research. The 

development of new attenuation equation for subduction mechanisms is presented in 

chapter four, followed by chapter five which presents the analysis and discussion of 

the results from the Non Linear Response Analysis (NERA) program. Chapter six 



 

 

 
REFERENCES 

 
 

 

Abrahamson, N. A. and Silva, W. J. (1997). Empirical Response Spectral 

Attenuation Relations for Shallow Crustal Earthquakes. Seismological 

Research Letters. 68, 94-127. 

Abu, S., Hua, C. L. and Nordin, S. (2006). 2004 Sumatra Earthquake and Thunami 

Rate Positions Displacement Experienced by Malaysia. Seventeenth United 

Nations Regional Cartographic (pp. 1-15). Bangkok: Department of Survey 

and Mapping Malaysia. 

Adnan, A. and Suhatril, M. (2009). Derivation of Attenuation Equations for Distant 

Earthquake Suitable for Malaysia. Johor: Pusat Pengurusan Penyelidikan 

Universiti Teknologi Malaysia. 

Adnan, A., Marto, A. and Hendriyawan. (2004). Lesson Learned From the Effect of 

Recent Far Field Sumatera Earthquakes to Peninsular Malaysia. 13th World 

Conference on Earthquake Engineering. Canada. 

Aghabarti, H. and Tehranizadeh, M. (2009). Near Source Ground Motion 

Attenuation Relationship for PGA and PSA of the Vertical and Horizontal 

Component. Bulletin of Earthquake Engineering. 7 (3), 609-635. 

Akkoc, R. (2014, December 19). The Telegraph. Retrieved from The Telegraph Web 

site: http://www.telegraph.co.uk 

Ashour, M. and Norris, G. (2000). Modeling Lateral Soil-Pile Response Based On 

Soil-Pile Interaction. Journal of Geotechnical and Geoenvironment 

Engineering. 126 (5), 420-428. 

 

 

 

 



170 
 

Ashour, M., Pilling, P. and Norris, G. (2004). Lateral Behaviour of Pile Groups in 

Layered Soils. Geotechnical and Geoenvironmental Engineering. 130 (6), 

580-592. 

Atkinson, G. M. and Boore, D. M. (1997). Some Comparisons Between Recent 

Ground Motion Relations. Seismological Research Letter. 68 , 24-40. 

Balendra, T. & Li, Z. (2008). Seismic Hazard of Singapore and Malaysia. 

Earthquake Engineering in the low and moderate seismic regions of 

Southeast Asia and Australia, 57-63. 

Barazangi, M. and Ni, J. (1982). High-frequency Seismic Wave Propagation Beneath 

the Indian Shield, Himalayan Arch, Tibetan Plateau and Surrounding 

Regions: High Uppermost Mantle Velocities and Efficient Sn Propagation 

Beneath Tibet. Geophysical Journal International. 72, 665-689. 

Bardet, J. P. and Tobita, T. . (2001). A Computer Programme for Nonlinear 

Earthquake Site Response Analysis of Layered Soil Deposits. California: 

University of Southern California, Department of Civil Engineering. 

Bardet, J. P. Tobita, T., Mace, N. and Hu, J. (2002). Regional Modeling of 

Liquefaction - Induced Ground Deformation. Earthquake Spectra, EERI. 18 

(1), 19-46. 

Barton, Y. o. (1982). Laterally Loaded Piles in Sand. Cambridge. 

Barton, Y. O., Finn, W. D. L., Parry, R. H. G. and Towhata, I. (1983). Lateral Pile 

Response and p-y Curves from Centrifuge Test. Offshore Technology 

Conference. Texas: Offshore Technology Conference. 

Bhattacharya, S., Madabhushi, S. P. G. and Bolton, M. D. (2004). An Alternative 

Mechanism of Pile Failure in Liquefiable Deposits during Earthquakes. 

Geotechnique. 54 (3), 203-213. 

Boulanger, R. W., Curras, C. J., Wilson, D. W. and Abghari, A. (1999). Seismic 

Soil-Pile-Structure Interaction Experiments and Analysis. Geotechnical and 

Geoenvironmental Engineering. 125 (9), 750-759. 

 

 

 

 

 



171 
 

Bouzid, D. A., Bhattacharya, S. and Dash, S. R. (2013). Winkler Springs (p-y curves) 

for Pile Design from Stress-Strain of Soils: FE Assessment of Scaling 

Coefficients using theMobilized Strength Design Concept. Geomechanics 

and Engineering. 5 (5), 379-399. 

Bradenberg, S. J., Boulanger, R. W., Kutter, B. L. and Chang, D. (2005). Behaviour 

of Pile Foundations in Laterally Spreading Ground During Centrifuge Test. 

Journal of Geotechnical and Geoenvironmental Engineering. 131 (11), 1378-

1391. 

Bradley, B. A. (2011). Empirical Correlation of PGA, Spectra Accelerations and 

Spectrum Intensities from Active Shallow Crustal Earthquake. Earthquake 

Engineering and Structural Dynamic. 40 (5), 1707-1721. 

Campbell, K. W. (1997). Empirical Near-Source Attenuation Relationships for 

horizontal and Vertical Components of Peak Ground Acceleration, Peak 

Ground Velocity, and Pseudo-absolute Acceleration Response Spectra. 

Seismological Research Letter. 68, 154-179. 

Chen, W. F. and Scawthorn, C. (2003). Earthquake Engineering Handbook. United 

Stated: CRC Press. 

Chu, D. and Truman, K. Z. (2004). Effects of Pile Foundation Configurations in 

Seismic Soil-Pile-Structure Interaction. 13th World Conference on 

Earthquake Engineering. Canada: Vancouver,B.C., canada. 

Crouse, C. B. (1991). Ground Motion Attenuation Equation for Earthquakes on the 

Cascadia Subduction Zone. Earthquake Spectra. 7(2), 201-236. 

Curras, C. J., Boulanger, R. W., Kutter, B. L. and Wilson, D. W. (2001). Dynamic 

Experiments and Analyses of a Pile-Group-Supported Structure. Journal of 

Geotechnical and Geoenvironmental Engineering. 127 (7), 585-596. 

Dash, S. R., Bhattacharya, S., Blakeborough, A. and Hyodo, M. (2008). p-y Curve to 

Model Lateral Response of Pile Foundations in Liquefied Soils. The 14th 

World Conference on Earthquake Engineering. Beijing: The 14th World 

Conference on Earthquake Engineering. 

 

 

 

 



172 
 

Dewaikar, D. and Patil, P. (2006). A New Hyperbolic p-y Curve model for laterally 

Loaded Piles in Soft Clay . Foundation Analysis and Design (pp. 152-158). 

U.S.A: American Society of Civil Engineers. 

Finn, L. W. D. and Thavaraj, T. (2001). Deep Foundations in Liquefiable Soils: Case 

Histories, Centrifuge Test and Method of Analysis. Fourth International 

Confrence on Recent Advances in Geotechnical Earthquake Engineering and 

Soil Dynamics and Symposium in Honour of Professor (pp. 1-11). California: 

scolarsmine.mst.edu. 

Graves, R. W. (1996). Simulating Seismic Wave propagation Problems in 3D Elastic 

Media using Staggered-Grid Finite Differences. Bulletin of Seismological 

Society of America. 86 (4), 1091-1106. 

Hamada, M., Towhata, I., Yasuda, S. and Isoyama, R. (1986). Study on Liquefaction 

Induced Permanent Ground Displacements. Association for Development 

ofEarthquake Prediction in Japan, Tokyo. 4 (4), 197-220. 

Han,Y. and Wang,S.T. (2008). Non-linear Analysis of Soil-Pile-Structure Interaction 

Under Seismic Loads . The 14th World Conference on Earthquake 

Engineering. Beijing. 

Haritos, N. (2007). Introduction to the Analysis and Design of Offshore Structures - 

An Overview. eJSE International, 55-65. 

Hoit, M., Chung, J. H., Wasman, S. J. and Bollmann, H. T. (2007). Development of 

API Soil Models for Studying Soil-Pile Interaction Analysis Using FB-

Multiplier. Florida: Gator Engineering. 

Honarvar, M. R., Bahaari, M. R., Asgarian, B. and Alanjari, P. (2008). Cyclic 

Inelastic Behavior and Analytical Modeling of Pile-Leg Interaction in Jacket 

Type Offshore Platforms. Applied Ocean Research. 29 (1), 167-179. 

Hung, T.V. and Kiyomiya, O. (2012). Ground motion attenuation relationship for 

shallow strike-slip earthquakes in Northern Vietnam based on strong motion 

records from Japan, Vietnam and Adjacent Regions. . Structural Eng./ 

Earthquake Eng., JSCE, Vol 27, No.2, 23s-39s. 

 

 

 

 



173 
 

Husen, H., Majid, T. A., Nazri, F. M., Arshad, M. R., Faisal, A. and Osmi, S. K. C. 

(2013). Develoment of Design Response Spectra Based on Various 

Attenuation Relationships at Specific Location. Civil Engineering and 

Architecture. 7 (12), 1501-1506. 

Joseph, T. (2009). Assessment of Kinematic Effects on Offshore Piled Foundations. 

Pavia. 

Juirnarongrit, T. and Ashford, S. A. (2005). Effect of Pile Diameter on the Modulus 

of Subgrade Reaction. San Diego: Department of Structural Engineering, 

University of California. 

Kagawa, T. and Kraft, L. M. (1980). Lateral Load - Deflection Relationshps for Piles 

Subjected to Dynamic Loadings. Soil and Foundations, Japanese Society of 

Soil Mechanics and Foundation Engineering. 20 (4), 53-79. 

Kardinski-cade, K., Baranzangi, M., Oliver, J. and Isacks, B. (1981). Lateral 

Variations of High-Frequency Seismic Wave Propagation at Regional 

Distances Across the Turkish and Iranian Pla. Geophysical Research Solid 

Earth. 86, 9377-9396. 

Kausel, E. (1981). An Explicit Solution for the Green Functions for Dynamic Loads 

in Layered Media. Cambridge: MIT Research Report. 

Kayal, J. R. (2008). Microearthquake Seismology and Seismotectonics of South Asia. 

New Delhi: Capital Publishing Company. 

Khari, M., Kassim, K. A. and Adnan, A. (2014). Development of p-y Curves of 

Laterally Loaded Piles in Cohesionless Soil. The Scientific World Journal, 1-

8. 

Khari, M., Kassim, K. A. and Adnan, A. (2014). Sand Samples' Preparation Using 

Mobile Pluviator. Arab Journal for Science and Engineering. 39 (10), 6825-

6834. 

Kim, Y., Jeong, S. and Won, J. (2009). Effect of Lateral Rigidity of Offshore Piles 

Using Proposed p-y Curves in Marine Clay. Marine Georesources & 

Geotechnology. 27 (1), 53-77. 

 

 

 

 



174 
 

Kimiaei, M., Shayanfar, M. A., Naggar, M. H. E., and Aghakouchak, A. A. (2004). 

Nonlinear Response Analysis of Offshore Piles Under Seismic Loads. 13th 

World Conference on Earthquake Engineering. Canada: Vancouver,B.C., 

Canada. 

Lallemand, S. and Funiciello, F. (2009). Subduction Zone Geodynamics. France: 

Springer. 

Lam, N.T.K., Chandler, A.M., Wilson, J.L. and Hut. (2006). Response Spectrum 

Modeling For Site In Low And Moderate Seismicity Region Combining 

Velocity, Displacement and Acceleration Prediction. Earthquake Engng 

Struct. Dyn., 29, 1491-1525. 

Lin, P. S. and Lee, C. T. (2008). Ground-Motion Attenuation Relationships for 

Subduction-Zone Eathquakes in Northeastern Taiwan. Bulletin of the 

Seismological Society of America, 220-240. 

Lin, T. K., Wu. Y. M., Huang, B. S., Chang, C. H., Huang, W. G., Le, T. S., Nguyen, 

Q. C. and Dinh, V. T. (2012). The First Peak Ground Motion Attenuation 

Relationships for North of Vietnam. Asian Earth Sciences. 43 (1), 241-253. 

Liu, K. S., Tsai, Y. B. and Lin, P. S. (2013). A Study on Fault type and site effect 

(Vs30) Parameters in the Attenuation Relationships of Peak Ground 

Acceleration and Peak Ground Velocity in Ilan, Taiwan. Bulletin of the 

Seismological Society of America. 103 (3), 1823-1845. 

Makris, N. (2007). Soil-Pile Interaction during the Passage of Rayleigh Waves: An 

Analytical Solution. Earthquake Engineering Structural Dynamics. 23 (2), 

153-167. 

Malhotra, S. (2008). Installation Monitoring of Open End Pipe Piles. Proceedings of 

the 8th International Conference on the Application of Stress-Wave Theory to 

Piles (pp. 235-243). Amsterdam: IOS Press BV. 

Margaris, B., Papazachos, C., Papaioannou, C., Theodulidis, N., Kalogeras, I. and 

Skarlatoudis, A. (2014). Ground Motion Attenuation Relations for Shallow 

Earthquakes in Greece. 12th Europian Conference on Earthquake 

Engineering. London: Elsevier Science Ltd. 

 

 



175 
 

Marto, A., Soon, T. C., Kasim, F., and Yunus, N. Z. M. (2013). Seismic Impact in 

Peninsular Malaysia. International Geotechnical Symposium - Incheon, 237-

242. 

Matlock, H. (1970). Correlation for Design of Laterally Loaded Piles in Soft Clay. 

Offshore Technology Conference (pp. 577-595). Texas: Offshore Technology 

Conference. 

McGann, C. R., Arduino, P. and Mackenzie-Helnwein, P. (2011). Applicability of 

Conventional p-y relations to the Analysis of Piles in Laterally Spreading 

Soil. Geotechnical and Geoenvironmental Engineering. 137 (6), 557-567. 

Megawati, K. and Pan, T.C. (2010). Ground-motion attenuation relationship for the 

sumatran megathrust earthquake. Earrthquake Engng Struct. Dyn. ; 39, 827- 

845. 

Moczo, P., Kristek, J., Galis, M., Pazak, P. and Balazorjech. (2007). The Finite - 

Difference and Finite Element Modeling of Seismic Wave Propagation and 

Earthquake Motion. Acta Physica Slovaca. 57, 177-406. 

Mostafa, Y. E. and Naggar, M. H. E. (2006). Effect of Seabed Instability on Fixed 

Offshore Platforms. Soil Dynamics and Earthquake Engineering. 26 (12), 

1127-1142. 

Mylonakis, G., Nikolaou, A. and Gazetas, G. (1997). Soil-Pile-Bridge Sismic 

Interaction: Kinematic and Inertial Effects. Part I: Soft Soil. Earthquake 

Engineering and Structural Dynamics. 26, 337-359. 

Naggar, M. H. E. and Bentley, K. J. (2000). Dynamic Analysis for Laterally Loaded 

Piles and Dynamic p-y Curves. Canadian Geotechnical Jounal. 37 (6), 1166-

1183. 

National Oceanic and Atmospheric Administration. (n.d.). Retrieved from National 

Oceanic and Atmospheric Administration Web site: 

http://www.galvestonlab.sefsc.noaa.gov 

National Science Foundation. (2014, April 15). Retrieved from National Science 

Foundation: http://www.iris.edu 

 

 

 

 



176 
 

Newcomb, K. R. and McCann, W. R. (1987). Seismic History and Seismotectonics 

of the Sunda Arc. Journal of Geophysical Research Solid Earth. 92 , 421-

439. 

Nguyen, L. M., Lin, T. L., Wu, Y. M., Huang, B. S., Chang, C. H., Huang, W. G., 

Le, T. S., Nguyen, Q. C. and Dinh, V. T. (2012). The First Peak Ground 

Motion Attenuation Relationships for North of Vietnam. Asian Earth 

Sciences, 241-253. 

Nogami, T., Otani, J., Konagai, K. and Chen, H. (1992). Nonlinear Soil-Pile 

Interaction Model for Dynamic Lateral Model for dynamic Lateral Motion. 

Journal of Geotechnical Engineering, ASCE. 118 (1) , 89-106. 

Novak, M. and Sheta, M. (1980). Approximate Approach to Contact Effects of Piles. 

Proceeding of Session on Dynamic Response of Pile Foundations: Analytical 

Aspects (pp. 53-79). Florida: ASCE Natl. Conv. 

Ohta, Y. and Goto, N. (1978). Empirical Shear Wave Velocity Equation in Terms of 

Characteristic Soil Indexes. Earthquake Engineering Structure Dynamic. 6, 

167-187. 

O'Neill, M. W. and Murchison, J. M. (1983). An Evaluation of p-y Relationships in 

Sands. Unites State: University of Houston-university Park, Department of 

Civil Engineering. 

Oskin, B. (2015, May 6). Live Science. Retrieved from livescience Web site: 

www.livescience.com 

Petersen, M. D., Dewey, J., Hartzell, S., Mueller, C., Harmsen, S., Frankel, A. and 

Rukstale, K. (2004). Probabilistic Seismic Hazard Analysis for Sumatra, 

Indonesia and Across the Southern Malaysian Peninsula. Tectonophysics. 

390, 141-158. 

Philips, D. E. and Chadwick, M. (2002). Three Dimensional Attenuation Model of 

the shallow Hikurangi Subduction Zone in the Raukuma Peninsula, New 

Zealand. Journal of Goephisical Research. 107, 1-15. 

 

 

 

 

 



177 
 

Prasad Y. V. S. N. and Chari, T. R. (1999). Lateral Capacity of Model Rigid Piles in 

Cohesionless Soil. Soils and Foundations. 39 (2), 21-29. 

Puri, V. K. and Prakash, S. (2008). Pile Design in Liquefying Soil. The 14th World 

Conference on Earthquake Engineering (pp. 1-8). Beijing: The 14th World 

Conference on Earthquake Engineering. 

Putra, R.R., Kiyono, J., Ono, Y. and Parajuli, H.R. (2012). Seismic Hazard Analysis 

For Indonesia. Natural Disaster Science; Vol. 33; No.2, 59-70. 

Randolph, M. and Gourvenec, S. (2011). Offshore Geotechnical Engineering. 

Canada: Spon Press Canada. 

Ranjan, G. and Rao, A. S. R. (2000). Basic and Applied Soil Mechnics. New Delhi: 

New Age International Publisher. 

Rausche, F. and Robinson, B. (2000). Combining Static Pile Design and Dynamic 

Installation Analysis GRLWEAP. Rotterdam: Taylor & Francis. 

Reese, L. C. and Van Impe, W. F. (2001). Single Pile and Pile Group Under Lateral 

Loading. Balkema, Rotterdam. 

Reese, L. C. and Welch, R. C. (1975). Lateral Loading of Deep Foundations in Stiff 

Clay. Journal of Geotechnical Engineering Division. 101 (7), 633-649. 

Reese, L. C., Cox, W. R. and Koop, F. D. (1974). Analysis of Laterally Loaded Piles 

in Sand. Proceeding of 6th Offshore Technology Conference (pp. 473-483). 

Houston, Texas: American Society of Civil Engineers. 

Rovithis, E. , Kirtas, E. and Pitilakis, K. (2009). Experimental p-y Loops for 

Estimating Seismic Soil-Pile Interaction. Bulletin of Earthquake Engineering. 

7 (3), 719-736. 

Sadigh, K., Chang, C. Y., Egan, J. A., Makdisi, F. and Youngs, R. R. (1997). 

Attenuation Relationships for Shallow Crustal Earthquakes based on 

California Strong Motion Data. Seismological Research Letter. 68, 180-189. 

Salem, T. N. and Haggag, A. A. (1998). Analysis of Offshore Tension Loaded Piles 

Under Earthquake Loading. Proceeding of the Eleventh European 

Conference on Earthquake Engineering (p. 304). Paris: A.A. Balkema. 

 

 

 



178 
 

Schemedes, J. and Archuleta, R. J. (2008). Near Source Ground Motion along Strike-

Slip Faults: Insight into Magnitude Saturation of PGV and PGA. Bulletin of 

the Seismological Society of America. 98 (5), 2278-2290. 

Seed, H. B. and Idriss, I. M. (1970). Soil Moduli and Damping Factors for Dynamic 

Response Analysis. California: Department of Civil and Environmental 

Engineering University of California, Berkeley. 

Si, H. and Midorikawa, S. (2000). New Attenuation Relations forPeak Ground 

Acceleration and Velocity Considering Effect of Fault Types and Site 

Condition. 12WCEE. 

Sieh, K. and Natawidjaja, D. (2000). Neotechtonics of the Sumateran Fault, 

Indonesia. Geophisical Research. 105 (12), 28. 

Simpson, M. and Brown, A. D. (2003). Development of p-y Curves for Piedmont 

Residual Soils. United Stated: National Academy of Science. 

Sooria, S. Z., Sawada, S., Azlan, A. and Goto, H. (2010). An Investigation on the 

Attenuation Characteristics of Distant Ground Motions in Peninsular 

Malaysia by Comparing Values of Recorded with Estimated PGA and PGV. 

Malaysian Journal of Civil Engineering, 38-52. 

Stewart, J. P., Fenves, G. L.,and Seed, R. B. (1999). Seismic Soil-Structure 

Interaction in Buildings. Geotechnical and Geoenvironmental Engineering, 

26-37. 

Suleiman, M., Ni, L., Helm, J. and Raich, A. (2014). Soil Pile Interaction for a Small 

Diameter Pile Embedded in Granular Soil Subjected to Passive Loading. 

Jounal of Geotechnical and Geoenvironmental Engineering. 140 (5). 

Terzaghi, K. and Peck, R. B. (1967). Soil Mechanics in Engineering Practice . John 

Wiley, New York. 

Toro, G., Abrahamson, N. A. and Schneider, J. F. (1997). Model of Strong Ground 

Motions from Earthquakes in Centraland Eastern North America: Best 

Estimates and Uncertainties. Seismological Research Letter. 68 (1), 41-57. 

 

 

 

 



179 
 

Tromp, J. and Komatitsch, D. (2002). Spectra - Element Simulations of Global 

Seismic Wave Propagation - I. Validation . Geophysical Journal 

International. 149 (2), 390-412. 

Truss, M. (2015, May). The Statistics Portal. Retrieved from The Statistics Portal: 

http://www.statista.com 

Ulutas, E. and Ozer, M. F. (2010). Empirical Attenuation Relationship of Peak 

Ground Acceleration for Eastern Marmara Region in Turkey. The Arabian 

Journal for Science and Engineering. 35 (1A), 187-203. 

Wang, F. X., He, Z., and OU, J. P. (2004). Nonlinear Seismic Response Analysis of 

Pile-Soil-Structure Interaction System. 13th World Conference on 

Earthquake Engineering. Canada: Vancouver,B.C.,Canada. 

Youngs, R. R., Chiou, S. J., Silva, W. J., and Humphrey, J. R. (1997). Strong Ground 

Motion Attenuation Relationships for Subduction Zone Earthquakes. 

Seismological Research Letters. 68, 58-74. 

 


	2-Declaration of the Status of Thesis
	3. supervisor declaration
	1-Cover Page Thesis
	4-MUKADEPAN
	5-ii-declaration- Rev. 2-2
	6-iii-DEDIKASI -Rev. 2
	7-iv-ACKNOWLEDGEMENT-Rev. 2-AKN
	8-v-ABSTRACT-3
	9-vi-Malay ABSTRAK-2
	10-Table of CONTENTS
	11-LIST OF TABLE
	12-LIST OF FIGURES
	13-LIST OF ABBREVIATION
	13-LIST OF SYMBOL
	14-List of APPENDIX
	15.CHAPTER 1(intro) PR
	16.CHAPTER 2(LR) PR
	17.CHAPTER 3(method)-PR
	18.CHAPTER 4(attntn)-PR
	19.CHAPTER 5(NERA)-PR
	20.CHAPTER 6(Exp) PR
	21.CHAPTER 7 PR
	22.References
	23.Appendices



