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Abstract 

Variability of ground motion during earthquakes may be attributed to the source, 

propagation path, and site characteristics. Simulated strong ground motions using 

techniques that rely on the description of site- or region-specific ground motion time 

histories in terms of statistically significant parameters combined with seismological 

constraints are realistic and are based on a combination of seismological and geotechnical 

analytical tools. Because of the inherent randomness of the earthquakes and many 

uncertainties involved in descriptor of the factors, a realistic estimation of ground motions 

can only be attempted in a probabilistic framework. A rational approach needs to consider 

both the range and the relative likelihood of possible ground motion levels and the 

variability in soil and response. An effort is made in the current study to estimate seismic 

hazard at selected sites in Addis Ababa (AA), Ethiopia. Concepts of probability are 

consistently applied throughout the study. Seismic source zones that affect AA have been 

identified. 	estimated using the parametric-historic technique was found to be in 

close agreement with that of estimated by others. Reference site strong ground motion 

estimated using NGA (Campbell and Bozorgnia 2007) is found to be appropriate for AA. 

PSHA at reference site (V, = 760 m/s) was developed using NGA and ground motion 

estimated from the finite source model. Hazard on the soil surface was estimated using 

the state-of-the-art procedure in seismic hazard assessment implementing a fully 

probabilistic method where the reference site PSHA systematically convolved to the 

surface. Seismic safety evaluation of Dire dam was carried out and the PS obtained for 

slope stability is sufficiently large to state that the dam will remain stable for the 

postulated uncertainties in seismic hazard, dam materials and modeling. 



TABLE OF CONTENTS 

Page No. 

Certificate   i. 

Acknowledgements 	  

Abstract   v. 

Table of Contents 	  vii. 

List of Figures 	x. 

List of Tables   xiv. 

Nomenclature.. 	  xvi. 

CHAPTER 1: INTRODUCTION AND OBJECTIVES 

1.1 Background 	  1 

1.2 Objectives and Scope of the Present Work   4 

1.3 Seismicity of the region and seismic source zones  	5 

1.3.1 The Afar Depression seismic zone (zone 1) 	8 

1.3.2 The Escarpment seismic zone (Zone 2) 	  9 

1.3.3 The Ethiopian Rift System seismic zone (Zone 3) 	  9 

1.4 Geological and Geotechnical characteristics of Addis Ababa  	10 

1.5 Organization of the thesis 	  13 

CHAPTER 2: ESSENTIAL PARAMETERS FOR SEISMIC HAZARD 

ESTIMATION 

2.1 Introduction 	  16 

2.2 Determination of maximum possible earthquake magnitude 	  19 

2.3 Uncertainty in the determination of If 	  — max 	 26 

2.4 Application of parametric-historic method for estimation of Mm„, for each 

zone 	  27 

2.5 Summary 	  31 

vii 



CHAPTER 3: SYNTHETIC GROUND MOTION GENERATION 

3.1 Introduction 	  3? 

3.2 Literature review on simulation of strong ground motion 	  35 

3.3 Methodology 	  37 

3.3.1 General discussion about ground motion generation 	  37 

3.3.2 Point-source stochastic method 	  43 

3.3.3 Finite sources model 	  47 

3.3.4 Generation of ground motion at the outcrop of a rock site 	  50 

3.3.4 Validation of ground motion 	54 

3.4 Summary 	  58 

CHAPTER 4: ESTIMATION OF SITE-SPECIFIC AMPLIFICATION 

FUNCTION 

4.1 Introduction 	  62 

4.2 literature review on site response analysis 	  65 

4.3 	Site characterization 	69 

4.4 Uncertainties in soil parameters: literature review 	  71 

4.5 Discussion and literature review on site-specific amplification 	  79 

4.5.1 Equivalent-linear model 	  81 

4.5.2 Nonlinear models: one horizontal direction of shaking 	  82 

4.5.3 Nonlinear models: multi-directional shaking 	  85 

4.5.4 Practical approaches Cor accounting soil amplification 	87 

4.5.5 Methodology adopted for the current study 	90 

4.6 Results and discussion 	  97 

CI IAPTER 5: PROBABILISTIC SEISMIC HAZARD ANALYSIS 

5.1 Introduction 	  104 

5.2 Literature review 	  105 

5.3 General Methodology 	  115 

viii 



5.4 Seismic hazard curves 	  122 

5.5 Probabilistic Seismic Hazard Analysis at reference site in AA 	  123 

5.6 Probabilistic Seismic Hazard Analysis at the surface 	  127 

CHAPTER 6: SEISMIC SAFETY EVALUATION OF DIRE DAM 

6.1 Introduction 	  133 

6.2 Previous studies on dynamic analysis of earth dams 	  137 

6.3 Description of Dire darn and seismic hazard estimation 	  142 

	

6.4 Seismicity of the dam site   145 

6.5 Analysis of Dire dam for the estimated earthquake ground motions 	 146 

6.6 Results and discussion 	  149 

CHAPTER 7: SUMMARY AND CONCLUSIONS 

7.1 Summary and conclusions 	  154 

7.2 Recommendations for future studies 	  157 

REFERENCES 	 158 

ix 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

