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ABSTRACT 

Four bay nine-storey tunnel form building with reinforced concrete rigid shear walls 

had been designed using STAAD PRO V8i program in accordance to British Code 

(BS8110) and modelled using Ruaumoko 2D under seven past earthquake excitations. 

These ground motions are the 1986 Mexico City Earthquake, the Norway Earthquake, 

the 1940 EL-Centro North South Earthquake, the Grace Earthquake, the 1971 Pacoima 

Dam Earthquake, the 1940EL-Centro East West Earthquake and the 2007 Bukit Tinggi 

Earthquake. The four bay nine-storey tunnel form building had been modelled and run 

under seven past ground motions records based on time history-analysis by considering 

the nonlinear behaviour of the construction materials. This prototype had been 

successfully modelled under low, moderate, major, strong and great earthquake 

excitations using the Ruaumoko 2D program. The seismic behaviour of tunnel form 

building was analysed and evaluated in terms of mode shape, frequency, spectral 

displacement, earthquake excitations, pseudo spectral acceleration, maximum 

displacement for positive and negative envelops under these ground motions based on 

the nodes 9, 20, 30, 39 and 50. All these nodes are located at top of the tunnel form 

building where the maximum lateral displacements occurred. The moment capacity of 

the floor slabs namely element 46, 55, 64 and 73 which obtained from STAAD PRO 

V8i program was compared with moment capacity demand from the Ruaumoko 2D. 

From the analysis results, the reinforced concrete four bay nine-storey tunnel form 

building is safe and able to resist the 2007 Bukit Tinggi Earthquake. However, the RC 

tunnel form building is not safe, fully damage and full collapse under the 1986 Mexico 

City Earthquake, the Norway Earthquake, the 1940 EL-Centro North South 

Earthquake, the Grace Earthquake, the 1940EL-Centro East West and the 1971 

Pacoima Dam Earthquake. Therefore, the modelling of RC tunnel form building using 

Rauamoko 2D program need to be carried out to evaluate the level of safety. Seismic 

performance and seismic vulnerability of this type of building under low, medium and 

high level of earthquake excitations. It can be concluded that RC tunnel form building 

which designed using BS8110 (non-seismic code of practice) will suffer severe damage 

and collapse of buildings under medium, strong, major and great earthquakes 

 

 

 

 



 v   

ACKNOWLEDGEMENT 

Firstly, I wish to thank God for giving me the opportunity to embark on my master and 

for completing this long and challenging journey successfully. My gratitude and thanks 

go to my supervisor Assoc Prof Dr Nor Hayati Abdul Hamid. 

Special thanks to my colleagues and friends for helping me with this project.  

Finally, this thesis is dedicated to the loving memory of my very dear father and mother 

for the vision and determination to educate me. This piece of victory is dedicated to 

both of you. Alhamdulillah to Allah. 

 

 

 

 



 vi   

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES viii 

LIST OF FIGURES x 

LIST OF PLATES xiv 

LIST OF SYMBOLS xv 

 

CHAPTER ONE:  INTRODUCTION 1 

1.1 Background of the Study 1 

1.2 Earthquakes in Afghanistan 2 

1.3 Structural Damage during Earthquake 7 

1.4 Problem Statement 13 

1.5 Objectives of the Study 15 

1.6 Limitation/Scope of the Study 15 

1.7 Significance of the Study 16 

1.8 Conclusive Remarks 17 

CHAPTER TWO:  LITERATURE REVIEW 18 

2.1 Introduction 18 

2.2 Earthquakes around the World 20 

2.3 Earthquakes in Afghanistan 25 

2.4 Damage of Tunnel Form Building 27 

2.5 Findings from Previous Researchers 31 

2.6 Conclusive Remarks 36 



 vii   

CHAPTER THREE:  RESEARCH METHODOLOGY 38 

3.1 Introduction 38 

3.2 Design Four Bay Nine-Storey Tunnel Form Building 40 

3.2.1 Design Procedure Using STAAD PRO V8i Software 42 

3.3 Ruaumoko 2D Program 60 

3.3.1 Equation of Motion for Multi-Degree of Freedom 61 

3.3.2 Modelling Tunnel Form Building Using Ruaumoko 2D Program 67 

3.4 Modelling Hysteresis Loops Using Elasto-Plastic Model 72 

3.5 Plotting the Graphs Using Dynaplot Program 76 

3.6 Conclusive Remarks 79 

CHAPTER FOUR:  RESULTS AND DISCUSSIONS 81 

4.1 Introduction 81 

4.2 Dynamic Properties of Tunnel Form Building 82 

4.2.1 Mode Shape 82 

4.3 Time Period, Frequency and Damped Frequency 95 

4.4 Selection of Past Ground Motions 97 

4.5 Nodes for Prototype Model Using Ruaumoko 2D 112 

4.6 Positive and Negative Envelopes of Lateral Displacement 114 

4.7 Comparison of Slab’s Moments under Static and Dynamic Using Staad  

Pro and Ruaumoko 2D 119 

4.8 Discussion 124 

4.9 Conclusive Remarks 126 

CHAPTER FIVE:  CONCLUSION AND RECOMMENDATIONS 128 

5.1 Conclusion 128 

5.2 Recommendations 130 

REFERENCES 131 

APPENDICES 138 

AUTHOR’S PROFILE 250 

 




