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Summary:  
 
Damping modification factor is used in international seismic codes for the design of 
structures with damping levels higher than 5% such as seismically isolated buildings. This 
study included deriving expressions for that factor using the data of local earthquakes in 
Egypt. The ground motions used in this study included 26 natural accelerograms and 150 
artificial accelerograms. By comparing the derived expressions in this study with the 
values in two international codes and in previous studies, it was concluded that the natural 
earthquakes expressions are more recommended for addition to the Egyptian seismic 
provisions. The natural earthquakes expressions were used to design hypothetical base-
isolated buildings lying in seismic zone (5) in Egypt. A seismic performance assessment 
was done for the designed base-isolated buildings using time history analyses and their 
responses were compared to their fixed-base counterparts showing an efficient 
performance for the studied base-isolated buildings.  

 



i 

  

Disclaimer 

I hereby declare that this thesis is my own original work and that no part of it 
has been submitted for a degree qualification at any other university or institute. 

I further declare that I have appropriately acknowledged all sources used and 
have cited them in the references section. 

 
Name:  Mohamed Hesham Mohamed Mohamed Mansour        Date:  /  / 

 
Signature: 



ii 

  

Dedication 

 

 

 

 

 

    TO 

MY PARENTS, 

      AND ALL MY FAMILY 

 

 

 



iii 

  

Acknowledgements 

 

I would like to express my deep appreciation and sincere gratitude to my 
supervisor, Prof. Dr. Adel Yehia Akl for his guidance, suggestions, valuable 
advice, support and continuous encouragement throughout my studies.  

 
I also would like to thank Dr. Manar Mohamed Maher for her supervision, 

suggestions, and guidance throughout this thesis. 
 
Thanks are extended to my Professors and my colleagues at the Housing and 

Building National Research Center for their continuous encouragement, support 
and willingness to help at any time. 

 
Great thanks are to the Egyptian National Seismic Network at the National 

Research Institute of Astronomy and Geophysics for providing the acceleration 
data used in this study. 

 
The Seismosoft Ltd., CADRE Analytic and the GraphPad Software Inc. are 

greatly acknowledged for providing access to the softwares used in this study. 
 
Finally, I would like to thank my family for their patience and understanding. 

I must express my deep and great thanks to my parents for their continuous 
support and encouragement that have always inspired me to work hard and pass 
the challenges facing me. 

 
 

 



iv 

  

Table of Contents 

DISCLAIMER ................................................................................................................. i 

DEDICATION ................................................................................................................ ii 

ACKNOWLEDGEMENTS  .......................................................................................  iii 

TABLE OF CONTENTS ............................................................................................. iv 

LIST OF TABLES ....................................................................................................... vii 

LIST OF FIGURES ...................................................................................................... ix 

ABSTRACT ............................................................................................................... xviii 

CHAPTER 1 : INTRODUCTION ................................................................................ 1 

1.1. BACKGROUND ........................................................................................................ 1 
1.2. OBJECTIVES ............................................................................................................ 1 
1.3. THESIS OUTLINE ..................................................................................................... 2 

CHAPTER 2 : LITERATURE REVIEW .................................................................... 3 

2.1. INTRODUCTION ....................................................................................................... 3 
2.2. TYPES OF ISOLATION DEVICES ................................................................................ 3 

2.2.1. Elastomeric-based systems ......................................................................................... 4 
2.2.2. Isolation systems based on sliding .............................................................................. 5 
2.2.3. Isolation systems based on using springs ................................................................... 7 
2.2.4. Isolation systems based on using sleeved-piles .......................................................... 7 
2.2.5. Isolation systems based on rocking ............................................................................ 7 

2.3. PAST RESEARCH ON BASE-ISOLATION ..................................................................... 7 
2.4. REVIEW OF SOME CODE REGULATIONS FOR BASE-ISOLATED SYSTEMS .................. 22 

2.4.1. Brief outline of base isolation regulations in Eurocode 8 (EC8) .............................. 22 
2.4.2. Brief outline of base isolation regulations in UBC-97 ............................................. 22 

2.5. IMPORTANCE OF DAMPING MODIFICATION FACTOR IN SEISMIC ISOLATION DESIGN 

CODES  ..................................................................................................................... 23 
2.6. PAST RESEARCH ON DAMPING MODIFICATION FACTOR ......................................... 24 

CHAPTER 3 : BACKGROUND AND METHODOLOGY FOR THE 
NUMERICAL ANALYSES ........................................................................................ 29 

3.1. INTRODUCTION ..................................................................................................... 29 
3.2. METHOD OF COMPUTING THE DAMPING MODIFICATION FACTOR (B) .................... 29 
3.3. MODELLING APPROACHES FOR BASE-ISOLATED BUILDINGS .................................. 31 

3.3.1. Approach (1): Single degree of freedom (SDOF) systems ....................................... 31 
3.3.2. Approach (2): Two-degree of freedom systems ....................................................... 31 
3.3.3. Approach (3): Multi-degree of freedom lumped mass model .................................. 31 
3.3.4. Approach (4): A complete detailed model for the superstructure and the isolators . 33 



v 

  

3.4. ADOPTED FINITE ELEMENT MODELLING PROCEDURE FOR BASE-ISOLATED 

BUILDINGS ................................................................................................................... 34 
3.4.1. Frame elements used for modelling the superstructure ............................................ 34  
3.4.2. Material types for modelling frame elements ........................................................... 36 

3.4.2.1. Mander et al. nonlinear concrete model ........................................................................................... 36 
3.4.2.2. Menegotto-Pinto steel model ........................................................................................................... 37 
3.4.2.3. Bilinear steel model ......................................................................................................................... 39 

3.4.3. Modelling of base isolators ...................................................................................... 39 
3.4.3.1. Vertical force-deformation response ................................................................................................ 40 
3.4.3.2. Horizontal force-deformation response ........................................................................................... 40 

3.4.4. Modelling of damping .............................................................................................. 41 

3.5. VERIFICATIONS ..................................................................................................... 42 
3.5.1. Description and results of the experimental program ............................................... 42  
3.5.2. Numerical simulation of the shaking table test ........................................................ 43 

CHAPTER 4 : ESTIMATION OF DAMPING MODIFICATION FACTOR 
USING EGYPTIAN SEISMIC RECORDS .............................................................. 47 

4.1. INTRODUCTION ..................................................................................................... 47 
4.2. APPROACHES USED TO ESTIMATE THE DAMPING MODIFICATION FACTOR FOR THE 

EGYPTIAN CONDITIONS ............................................................................................... 47 
4.2.1. Approach (1): Estimating damping modification factor using recorded earthquakes 
in Egypt .............................................................................................................................. 47 

4.2.1.1. General ............................................................................................................................................ 47 
4.2.1.2. Estimating damping modification factor using the records of 18 July 2014 Earthquake ................. 47 
4.2.1.3. Estimating damping modification factor using the records of 22 July 2014 Earthquake ................. 53 
4.2.1.4. Estimating damping modification factor using the records of 27 June 2015 Earthquake ................ 59 
4.2.1.5. Proposed equations for the damping modification factor using recorded earthquakes in Egypt ...... 67 

4.2.2. Approach (2): Estimating damping modification factor using artificial earthquakes71 
4.2.2.1. General ............................................................................................................................................ 71 
4.2.2.2. Procedure used for generating artificial earthquakes ....................................................................... 71 
4.2.2.3. Estimating damping modification factor using artificially generated accelerograms for the 
Shedwan 1969 earthquake scenario .............................................................................................................. 73 
4.2.2.4. Estimating damping modification factor using artificially generated accelerograms for the Aqaba 
1995 earthquake scenario ............................................................................................................................. 81 
4.2.2.5. Proposed equations for the damping modification factor using artificial earthquakes ..................... 89 

4.3. DISCUSSION OF THE RESULTS FOR THE PROPOSED EXPRESSIONS ........................... 93 
4.4. COMPARISON BETWEEN THE DERIVED EXPRESSIONS AND INTERNATIONAL CODES 94 
4.5. COMPARISON BETWEEN THE DERIVED EXPRESSIONS AND PREVIOUS STUDIES ....... 96 

CHAPTER 5 : SEISMIC PERFORMANCE EVALUATION FOR BASE-
ISOLATED BUILDINGS ........................................................................................... 99 

5.1. INTRODUCTION ..................................................................................................... 99 
5.2. DESCRIPTION OF THE BUILDINGS STUDIED ............................................................ 99 
5.3. DESIGN OF FIXED-BASE BUILDINGS ..................................................................... 100 
5.4. DESIGN OF BASE-ISOLATED BUILDINGS USING THE PROPOSED EXPRESSION FOR 

THE DAMPING MODIFICATION FACTOR ....................................................................... 103 
5.5. MATERIAL PROPERTIES USED IN THE TIME HISTORY ANALYSES FOR THE STUDIED 

BUILDINGS ................................................................................................................. 108 
5.6. GROUND MOTIONS USED FOR THE TIME HISTORY ANALYSES .............................. 109 



vi 

  

5.7. OUTPUT RESPONSES FROM THE TIME HISTORY ANALYSES................................... 110 
5.7.1. Maximum stories’ displacements ........................................................................... 110  
5.7.2. Maximum inter-storey drift ratios .......................................................................... 124 
5.7.3. Maximum stories’ accelerations ............................................................................. 137 
5.7.4. Maximum stories’ shear forces............................................................................... 151 

CHAPTER 6 : CONCLUSIONS .............................................................................. 164 

6.1. SUMMARY .......................................................................................................... 164 
6.2. CONCLUSIONS .................................................................................................... 164 
6.3. RECOMMENDATIONS FOR FUTURE RESEARCH  .................................................... 167 

REFERENCES ........................................................................................................... 168 

APPENDIX A : GROUND MOTIONS USED IN TIME HISTORY ANALYSES 175 



vii 

  

List of Tables                                                      

Table 2.1: Damping reduction factors proposed by Ramirez et al. [45]  .................. 26 
Table 3.1: Values of the parameters for the bilinear steel model assigned for the 
steel members of the test structures ........................................................................... 44 
Table 3.2: Comparison between the responses of the finite element model for 
structure A and the corresponding measurements ..................................................... 45 
Table 3.3: Comparison between the responses of the finite element model for 
structure B and the corresponding measurements ..................................................... 46 
Table 4.1: Names of the stations and their epicentral distances for the 18 July 2014 
earthquake ................................................................................................................. 48 
Table 4.2: Names of the stations and their epicentral distances for the 22 July 2014 
earthquake ................................................................................................................. 53 
Table 4.3: Names of the stations and their epicentral distances for the 27 June 2015 
earthquake ................................................................................................................. 59 
Table 4.4: Coefficients used for calculating the constants in equation (4.2) in terms 
of the damping ratio .................................................................................................. 68 
Table 4.5: Distances between epicenter of Shedwan 1969 earthquake and sites 
inside seismic zone (5)  ............................................................................................. 74  
Table 4.6: Number of artificial accelerograms generated for Shedwan 1969 
earthquake scenario ................................................................................................... 75 
Table 4.7: Distances between epicenter of Aqaba 1995 earthquake and sites inside 
zone (5)  ..................................................................................................................... 82 
Table 4.8: Number of artificial accelerograms generated for Aqaba 1995 earthquake 
scenario ...................................................................................................................... 83 
Table 4.9: Coefficients used for calculating the constants in equation (4.9) in terms 
of the damping ratio .................................................................................................. 90 
Table 5.1: Values of the gravity loads for the solid slabs ......................................... 99  
Table 5.2: Values of the wall loads on the beams ................................................... 100 
Table 5.3: Preliminary concrete dimensions for the columns of the three buildings 
(in metres)  .............................................................................................................. 101 
 Table 5.4: Reinforcement of the columns of the three buildings for gravity loads 
design ...................................................................................................................... 101 
Table 5.5: Reinforcement of the beams of the three buildings for gravity loads 
design ...................................................................................................................... 101 
Table 5.6: Parameters used in calculating the base shear forces for the buildings . 102 
Table 5.7: Base shear forces for the fixed-base buildings using the simplified 
response spectrum method (equivalent static)  ....................................................... 102  
Table 5.8: Reinforcement of the columns of the three buildings when designed for 
seismic loads (fixed-base case)  .............................................................................. 103 
Table 5.9: Reinforcement of the beams of the three buildings when designed for 
seismic loads (fixed-base case)  .............................................................................. 103 
Table 5.10: Fixed-base periods (Tf) for the three buildings and the lower limits for 
the base-isolated periods (3Tf)  ............................................................................... 105  
Table 5.11: Characteristics of the chosen isolators ................................................. 106  
Table 5.12: Final values of the design displacements of the isolators for the three 
buildings .................................................................................................................. 107  



viii 

  

Table 5.13: Base shear forces acting on the base-isolated buildings ...................... 107  
Table 5.14: Reinforcement of the beams of the three buildings when designed for 
seismic loads (base-isolated case)  .......................................................................... 108 
Table 5.15: Concrete material properties ................................................................ 108 
Table 5.16: Reinforcing steel material properties ................................................... 109 
Table 5.17: Ground motions used in the time history analyses .............................. 109 
Table 5.18: Values of the average isolation systems’ displacements for the three 
buildings obtained from time history analyses ........................................................ 110  
Table 5.19: Maximum inter-storey drift ratios of the three buildings due to all the 
used ground motions ............................................................................................... 124 
Table 5.20: Maximum stories’ accelerations for the three buildings due to all the 
used ground motions ............................................................................................... 138 
Table 5.21: Maximum stories’ accelerations normalized to the peak ground 
accelerations of the input ground motions .............................................................. 138 

 
 

 


