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ABSTRACT 
 

 

 

 

Earthquake is one of the most extreme hazards that can neither be predicted nor be 

controlled out of all the natural hazard reported. It has a major ability to degrade an 

urban socio-economics structure with geological components. For this reason, the main 

objective of this thesis is to assess the seismic vulnerability including ground factors, 

building's physical conditions and socioeconomic aspects, so that earthquake-prone 

buildings can be identified in terms of minimal loss of life and damage. Most of the 

present earthquake-vulnerability evaluation processes focus on structural loss 

evaluation without focusing on socio-economic features. In this research, a combined 

strategy for vulnerability evaluation has been developed for earthquake-prone areas in 

Dhaka District of Bangladesh. In order to fulfil the objective, seismic vulnerability of 

Reinforced Cement Concrete (RCC) structures has been evaluated in the study area 

using the Turkish method as proposed by the Turkey government and Japan 

International Cooperation Agency (JICA). 240 different reinforced concrete residential 

buildings within three selected wards of Dhaka city were assessed using a developed 

checklist. The physical vulnerability was estimated by walk-down procedure (site visit) 

of Turkish method to calculate the E.R.S (Earthquake Risk Score) value of each 

building, while the economic and social components with various indicators were 

determined through statistical studies which is a simple coding system to collect the 

data provided in the questionnaires. After that, calculated the proportion of respondents 

answering for each category of each question by SPSS software. This scoring was then 

calculated using a simple additive weighting (SAW) method to determine the most 

fragile area within the selected territory based on the social and economic status. The 

results revealed that only 10 out of 240 structures were considered as high risk, whereas 

84 structures were of moderate risk. So, more methodical evaluations were suggested 

for such structures before confirming the building have an earthquake risk. On the other 

hand, ward no. 51 was the most vulnerable area against earthquakes according to social 

vulnerability, whereas ward no. 46 was more susceptible to earthquake due to economic 

vulnerability. However, this research has only been conducted in three Dhaka city 

zones. Similar work can be carried out in other parts of the town that belongs to 

vulnerable areas of the earthquake. Also, the assessment result of vulnerability features 

to develop the vulnerability index would therefore provide an excellent basis for the 

theoretical research. 

 

 

 

 

 

 

 



 iii  

 

 

 

 خلاصة البحث

 

 

خطورة والتي لا يمكن التنبؤ بها أو السيطرة عليها من  الكوارثالزلزال هو أحد أكثر 

لديها قدرة كبيرة على تدهور البنية والطبيعية المبلغ عنها.  الكوارثبين جميع 

الاجتماعية والاقتصادية الحضرية مع المكونات الجيولوجية. لهذا السبب، فإن الهدف 

الرئيس من هذه الأطروحة هو تقييم الضعف الزلزالي بما في ذلك العوامل الأرضية 

المباني والظروف المادية للمبنى والجوانب الاجتماعية والاقتصادية، حيث يمكن تحديد 

والأضرار. تركز  النفوسالمعرضة للزلازل من حيث الحد الأدنى من الخسائر في 

معظم عمليات تقييم التعرض للزلازل الحالية على تقييم الخسائر الهيكلية دون التركيز 

على السمات الاجتماعية والاقتصادية. في هذا البحث، تم تطوير إستراتيجية مشتركة 

المعرضة للزلازل في منطقة دكا في بنغلاديش. من أجل تحقيق لتقييم الضعف للمناطق 

في منطقة   (RCC)  الهدف، تم تقييم الضعف الزلزالي لهياكل الخرسانة المسلحة

الدراسة باستخدام الطريقة التركية على النحو الذي اقترحته الحكومة التركية والوكالة 

مبنى سكني مختلف من الخرسانة  240تم تقييم كما  (JICA) اليابانية للتعاون الدولي

تم والمسلحة ضمن ثلاثة أجنحة مختارة في مدينة دكا باستخدام قائمة مراجعة مطورة. 

تقدير الضعف المادي من خلال إجراء السير )زيارة الموقع( بالطريقة التركية لحساب 

دية )درجة مخاطر الزلازل( لكل مبنى، بينما تم تحديد المكونات الاقتصا  ERS  قيمة

والاجتماعية بمؤشرات مختلفة من خلال الدراسات الإحصائية وهي عبارة عن نظام 

ترميز بسيط لجمع البيانات الواردة في الاستبيانات. بعد ذلك، تم حساب نسبة المجيبين 

ثم تم حساب هذا التقييم باستخدام طريقة  SPSS عن كل فئة لكل سؤال بواسطة برنامج

لتحديد المنطقة الأكثر هشاشة داخل المنطقة  (SAW) سيطةترجيح المواد المضافة الب

فقط من  10أظهرت النتائج أن لقد المختارة بناءً على الحالة الاجتماعية والاقتصادية. 

مبنى كانت ذات مخاطر  84مبنى تم اعتبارها عالية الخطورة، في حين أن  240أصل 

ذه الهياكل قبل التأكد من أن متوسطة. لذلك، تم اقتراح تقييمات أكثر منهجية لمثل ه

كانت المنطقة  51رقم بالجناح كان المبنى معرض لخطر الزلزال. من ناحية أخرى، 

أكثر كان  46رقم بالأكثر عرضة للزلازل حسب الضعف الاجتماعي، بينما الجناح 

عرضة للزلازل بسبب الضعف الاقتصادي. ومع ذلك، تم إجراء هذا البحث فقط في 

يمكن القيام بأعمال مماثلة في أجزاء أخرى من المدينة ومدينة دكا. ثلاث مناطق في 

التي تنتمي إلى المناطق المعرضة للزلزال. كما أن نتيجة تقييم سمات الضعف لتطوير 

 .مؤشر الضعف ستوفر بالتالي أساسًا ممتازًا للبحث النظري
 

 

 



 iv  

APPROVAL PAGE 
 

 

 

 

I certify that I have supervised and read this study and that in my opinion, it conforms 

to acceptable standards of scholarly presentation and is fully adequate, in scope and 

quality, as a dissertation for the degree of Master of Science (Built Environment).  

 

 

                                                                              ……………………………………… 

                                                                              Rustam Khairi Bin Zahari  

                                                                              Supervisor 

 

 

I certify that I have read this study and that in my opinion it conforms to acceptable 

standards of scholarly presentation and is fully adequate, in scope and quality, as a 

dissertation for the degree of Master of Science (Built Environment). 

 

 

                                                                             ………………………………………. 

                                                                             Syahriah bachok 

                                                                             Internal Examiner 

 

                                                                             ………………………………………. 

                                                                             Khamarrul Azahari Bin Razak  

                                                                             External Examiner 

 

 

This thesis was submitted to the Department of Urban and Regional Planning and is 

accepted as a fulfilment of the requirement for the degree of Master of Science (Built 

Environment). 

 

 

                                                                             ………………………………………. 

                                                                             Syafiee bin Shuid  

                                                                             Head, Department of Urban and 

                                                                             Regional Planning  

 

 

This thesis was submitted to the Kulliyyah of Architecture and Environmental Design 

and is accepted as a fulfilment of the requirement for the degree of Master of Science 

(Built Environment). 

 

 

                                                                             ………………………………………. 

                                                                             Abdul Razak Sapian  

                                                                             Dean, Kulliyyah of Architecture and 

                                                                             Environmental Design 



 v  

DECLARATION 
 

 

 

 

I hereby declare that this thesis is the result of my own investigations, except where 

otherwise stated. I also declare that it has not been previously or concurrently submitted 

as a whole for any other degrees at IIUM or other institutions. 

 

Miskat Ara Akhter 

 

Signature………………………………  Date…………………………… 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vi  

 

 
INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA 

 

 

DECLARATION OF COPYRIGHT AND AFFIRMATION OF 

FAIR USE OF UNPUBLISHED RESEARCH 
 

 

EARTHQUAKE VULNERABILITY ASSESSMENT OF THE 

BUILDINGS FOR DENSELY DISTRIBUTED RESIDENTIAL 

AREAS IN DHAKA CITY 
 

 

I declare that the copyright holders of this dissertation are jointly owned by   

the student and IIUM 

Copyright © 2020 Miskat Ara Akhter and International Islamic University Malaysia. All rights 

reserved. 

 

No part of this unpublished research may be reproduced, stored in a retrieval 

system, or transmitted, in any form or by any means, electronic, mechanical, 

photocopying, recording or otherwise without prior written permission of the 

copyright holder except as provided below. 

 

1. Any material contained in or derive from this unpublished research may 

only be used by others in their writing with due acknowledgement. 

 

2. IIUM or its library will have the right to make and transmit copies (print 

or electronic) for institutional and academic purpose. 

 

3. The IIUM library will have the right to make, store in a retrieval system 

and supply copies of this unpublished research if requested by other 

universities and research libraries. 

 

By signing this form, I acknowledged that I have read and understand the IIUM 

Intellectual Property Right and Commercialization policy 

 

 

 

 

Affirmed by Miskat Ara Akhter 

 

 

……………………….                                  …………………… 

             Signature                                      Date 

 

 



 vii  

ACKNOWLEDGEMENTS 
 

 

 

 

In the name of Allah (S.W.T.), the most gracious and merciful 

 

Alhamdulillah and all the praises go to Allah Subhanahu WaTa'ala. I would like to 

thankfully acknowledge my supervisor Dr. Rustam Khairi Bin Zahari for his sincere 

help, valuable guidance and unwavering support at various stage of my dissertation. 

After that, I also appreciate the continuous encouragement of Dr. Mohammad Abdul 

Mohit. I want to express deep and sincere gratitude to Dr. Muhammad Abu Eusuf for 

his supportive comments. 

 

 I am extremely thankful and pay my gratitude towards my parents and members 

of my family for their direct support and encouragement throughout the journey.  

 

 Last but not the least gratitude goes to my glorious institution, International 

Islamic University Malaysia. 

 

Jazakallahu Khayran 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  



 viii  

TABLE OF CONTENTS 
 

 

 

 

Abstract……………………………………………………………………….. ii 

Abstract in Arabic…………………………………………………………….. iii 

Approval Page………………………………………………………………… iv 

Declaration……………………………………………………………………. v 

Copyright……………………………………………………........................... vi 

Acknowledgements…………………………………………………………… vii 

List of Tables…………………………………………………………………. xii 

List of Figures………………………………………………………………… xv 

List of Abbreviations ………………………………………………………… xx 

  

CHAPTER ONE: INTRODUCTION……………………………………… 1 

1.1 Introduction……………………………………………………….. 1 

1.2 Background of this Study…………………………………………. 2 

1.2.1 Earthquake Overview………………………………………. 2 

1.2.2 Impacts of Earthquake……………………………………... 5 

1.2.3 Earthquakes Vulnerability in Densely Populated 

Residential Areas (Bangladesh)…………………………… 

 

6 

1.3 Problem Statement…………….………………………………….. 7 

1.4 Aim and Objectives……………………………………………….. 14 

1.5 Research Questions……………………………………………….. 15 

1.6 Dependent Variables……………………………………………… 15 

1.7 Independent Variables…………………………………………….. 15 

1.8 Research Methodology …………………………………………… 16 

1.8.1 Library Research: Literature Review………………………. 16 

1.8.2 Case Study and Data Acquisition………………………….. 16 

1.8.3 Data Manipulation and Analysis…………………………… 17 

1.9 Analysis…………………………………………………………… 18 

1.10 Scope of the Study………………………………………………. 19 

1.11 Study Limitation...………………………………………………. 19 

           1.12 Chapter Summary…….………………………………………….. 20 

  

CHAPTER TWO: LITERATURE REVIEW…………………………….. 22 

2.1 Introduction……………………………………………………….. 22 

2.2 Natural Hazard……...……………………………………………... 22 

2.3 Earthquake Hazard………………………………………………... 23 

2.3.1 What is an  Earthquake…………………………………….. 24 

2.3.2 Causes of Earthquakes…………………………………….. 26 

2.3.3 Effects of Earthquakes…………………………………….. 27 

2.4 Earthquake Measurements………………………………………… 31 

2.5 Earthquake and Building Design………………………………….. 32 

       2.5.1 Severe Earthquake Occurrences and Its Effects to Building.. 33 

                  2.5.2 Damages in Buildings, Infrastructures and People…………. 35 

2.6 Earthquake Threat in Asia………………………………………… 36 

                  2.6.1 Tectonic Plates and Fault Lines Surrounding Asia………. 37 



 ix  

                   2.6.2 Major Earthquake Occurrence in Asia……………………... 38 

2.7 Earthquake Threat in Bangladesh ………………………………… 41 

        2.7.1 Tectonic Plates and Faults…………………………………. 43 

        2.7.2 Seismic Zoning Map……………………………………….. 45 

        2.7.3 Development of Revised Seismic Zoning Map……………. 46 

                   2.7.4 Earthquake Occurrence in Bangladesh: Historical…………                      48 

                   2.7.5 Earthquake Occurrence in Bangladesh: Recent                       

Earthquakes..………………………………………………. 

 

49 

           2.8 Earthquake Threats in Urban Area of Bangladesh: Dhaka City…... 50 

2.8.1 Building Typology and Classification in Dhaka …………... 51 

                   2.8.2 Future Damage Estimation of Different Types of Buildings 

Considering Earthquake Ground Motion…………………. 

 

52 

2.9 Vulnerability………………………………………………………. 55 

2.10 Earthquake Vulnerability……………………………………….... 55 

2.11 Earthquake Vulnerability Features ……………………………… 56 

2.12 Factors of Earthquake Vulnerability…………………………….. 59 

2.12.1 Physical Vulnerability…………………………………….. 59 

2.12.1.1 Physical Vulnerability Assessment Method….……. 63 

2.12.2 Geological Vulnerability………………………………….. 64 

2.12.2.1 Soil Condition of Dhaka City……………………… 65 

2.12.3 Social and Economic Vulnerability………………………. 66 

2.13 Risk………...…………………………………………………….. 68 

2.13.1 Element at Risk……………...……………………………. 70 

2.13.2 Disaster Risk Reduction Strategies (Global)…………..…. 70 

2.13.2.1 The Sendai Framework………………..….……….. 71 

2.13.2.2 Scope and Purpose………………………..….……. 71 

2.13.2.3 Targets…………...………………………..….……. 71 

2.13.2.4 Priorities for Action…...…………………..….……. 72 

2.13.3 Earthquake Risk Reduction Strategies (National)……..…. 73 

2.14 Research Gap…………………………………………………….. 75 

2.15 Summary…………………………………………………………. 76 

  

CHAPTER THREE: STUDY AREA………………………………………. 77 

3.1 Introduction……………………………………………………….. 77 

3.2 Climatic Conditions……………………………………………….. 78 

3.3 Land Use in Dhaka City…………………………………………... 78 

3.4 Structural Types of Dhaka………………………………………… 79 

3.5 Selection of Study Area…………………………………………… 80 

3.5.1 Ward no. 46………….…………………………………….. 80 

3.5.1.1 Building Number and Building Density……………. 86 

3.5.1.2 Population (Daytime, Nighttime) ………………….. 86 

3.5.1.3 Land Use and Essential facility…………………….. 87 

3.5.1.4 Structural types……………………………………… 87 

3.5.1.5 Buildings Age and Visible Physical Condition……... 88 

3.5.2 Ward no. 51………….……………………………………... 89 

3.5.2.1 Building Number and Building Density…………… 90 

3.5.2.2 Population and Population Density…………………. 90 

3.5.2.3 Land Use and Essential facility …………………….. 91 

3.5.2.4 Structural types…………………………………….. 91 



 x  

3.5.2.5 Buildings Age and Visible Physical Condition……... 91 

3.5.3 Ward no. 60…………..…………………………………….. 92 

3.5.3.1 Building Number and Building Density …………... 93 

3.5.3.2 Population (Daytime, Nighttime)…………………… 95 

 3.5.3.3 Land Use and Essential facility…………….............. 95 

3.5.3.4 Structural types…………………………………….. 96 

3.5.3.5 Buildings Age and Visible Physical Condition…….. 96 

3.6 Summary…………………………………………………............... 96 

  

CHAPTER FOUR: RESEARCH METHODOLOGY……………………. 98 

4.1 Introduction………………………………………………….......... 98 

4.2 Methodology of Research…………………………………………. 98 

4.3 Physical Vulnerability Assessment Method………………………. 99 

4.3.1 Conduction of the Survey………………………………….. 102 

4.3.2 Pre-field Survey……………………………………………. 103 

4.3.2.1 Building Footprint Map……………………………... 103 

4.3.2.2 Convenience Sampling……………………………… 104 

4.3.2.3 Checklist Design……………………………………. 107 

4.3.3 Field Survey……………………………………………….. 108 

4.3.3.1 Observation from the Street………………………… 108 

4.3.3.1.1 Detail of the Method…………………………. 108 

4.3.3.1.2 Level 1 Survey: Walkdown Evaluation……… 109 

4.3.3.2 Field Data Collection……………………………….. 115 

4.3.4 Post-field Survey…………………………………………… 116 

4.4 Ground Specification……………………………………………... 118 

4.5 Building Occupant (Residential) Vulnerability Factors………….. 119 

4.5.1 Sample Selection and Questionnaire Development………... 119 

4.5.2 Cluster and Indicator Development………………………... 120 

4.5.3 Measurement Analysis and Indicator Selection……………. 122 

4.5.3.1 The ‘‘Demographic Cluster’’……………………….. 122 

4.5.3.2 The ‘‘Education Cluster’’…………………………… 123 

4.5.3.3 The “Security Cluster” ……………………………... 123 

4.5.3.4 The “Disaster-Related Attitude Cluster” …………… 124 

4.5.3.5 The ‘‘Income Cluster’’…………………………….... 125 

4.5.3.6 The ‘‘Employment Cluster’’………………………... 125 

4.5.3.7 The “Ownership Cluster” …………………………... 126 

4.5.4 Data Processing and Maps Development………………….. 127 

4.5.4.1 Compilation of Data……………………………........ 127 

4.5.4.2 Data Calculation Process……………………………. 127 

4.5.4.3 Vulnerability Map Development……………………. 128 

4.6 Summary……………………………............................................... 128 

  

CHAPTER FIVE: ANALYSIS AND FINDINGS…………………………. 129 

5.1 Introduction…………………………….......................................... 129 

5.2 Physical Vulnerability…………………………….......................... 129 

5.2.1 Building Age…………………………….............................. 130 

5.2.2 Vertical Height of Buildings……………………………...... 131 

5.2.3 Presence of Soft Storey…………………………….............. 132 

5.2.4 Presence of Short Column……………………………......... 133 



 xi  

5.2.5 Apparent Building Quality……………………………......... 134 

5.2.6 Presence of Heavy Overhang……………………………..... 135 

5.2.7 Pounding Effect……………………………......................... 136 

5.2.8 Building Vulnerability……………………………............... 137 

5.2.9 Earthquake Risk Score (E.R.S)…………………………….. 139 

5.2.9.1 Case Study……………………………....................... 141 

5.2.10 Seismic Risk Assessments of Buildings in Dhaka…... 145 

5.3 Geological Vulnerability……………………………...................... 151 

5.3.1 Soil Classification……………………………...................... 151 

5.3.2 Ground Motion……………………………........................... 153 

5.3.3 Liquefaction Susceptibility……………………………........ 155 

5.3.4 Geological Vulnerability Assessment ……………………... 157 

5.4 Social Vulnerability…………………………….............................. 158 

5.4.1 Demographic Cluster……………………………................. 158 

5.4.1.1 Age…………………………….................................. 158 

5.4.1.2 Household Type…………………………….............. 159 

5.4.1.3 Household Size……………………………................ 159 

5.4.1.4 Gender……………………………............................. 160 

5.4.2 Education Cluster……………………………....................... 161 

5.4.2.1 Education……………………………......................... 161 

5.4.3 Security Cluster…………………………….......................... 163 

5.4.3.1 Social Security and House Insurance……………….. 163 

5.4.4 Disaster Related Attitude Cluster…………………………... 164 

5.4.4.1 Knowledge of Earthquake…………………………... 164 

5.4.4.2 Citizen Responsibility……………………………..... 165 

5.4.4.3 Risk Perception……………………………............... 166 

5.4.5 Assessment of Social Vulnerability………………………... 168 

5.5 Economic Vulnerability…………………………………………… 170 

5.5.1 Income Cluster……………………………………………... 171 

5.5.1.1 Monthly Household Income and Savings…………... 171 

5.5.2 Employment Cluster……………………………………….. 172 

5.5.2.1 Employment Status…………………………………. 172 

5.5.3 The Ownership Cluster…………………………………….. 173 

5.5.3.1 House and Car Ownership………………………….. 173 

5.5.4 Assessment of Economic Vulnerability……………………. 176 

5.6 Socio-economic Vulnerability Assessment……………………….. 178 

5.7 Discussion and Findings……………………………....................... 179 

5.8 Summary…………………………………………………............... 183 

  

CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS……... 184 

6.1 Introduction……………………………………………………….. 184 

6.2 Conclusions……………………………………………………….. 184 

6.3 Recommendations for Further Research………………………….. 187 

  

REFERENCES………………………………………………………………. 188 

  

APPENDIX A: QUESTIONNAIRE………………………………………... 198 

  

APPENDIX B: WALKDOWN ASSESSMENT PROCEDURE…………. 202 



 xii  

LIST OF TABLES 
 

 

 

 

Table 1.1 World's Twelve Largest Earthquakes 4 

   

Table 1.2   Impacts of Earthquake 5 

   

Table 2.1   Comparison between Intensity and Magnitude 32 

   

Table 2.2   Magnitude Level in Tectonic Blocks 45 

   

Table 2.3   List of Major Historical Earthquakes Affecting Bangladesh 48 

   

Table 2.4   List of Recent Earthquakes Affecting Bangladesh  50 

   

Table 2.5   Definition of Building Typologies in Dhaka  52 

   

Table 2.6   Percentage of Damage of Different Buildings Types in 90 

Wards 

53 

   

Table 2.7   Percentage of Human Casualties during Different Times in 90 

Wards of Dhaka City 

 

54 

   

Table 2.8 Site classification as per BNBC-1993  65 

   

Table 3.1   Several Grouped Occupancy Classes in Dhaka city in 2009 79 

   

Table 3.2   Main Structural Types in Dhaka city in 2009  79 

   

Table 3.3   Number of Buildings and Building Density of Ward no. 46 in 

2009 

 

86 

   

Table 3.4   Population (Daytime, Nighttime) and Population Density of 

Ward no. 46 in 2009 

 

86 

   

Table 3.5   “Land use” Classes in Ward no. 46 in 2009 87 

   

Table 3.6   Concrete Structural Building Numbers of Ward no. 46 in 

2009 

88 

   

Table 3.7   Buildings Age and Visible Physical Condition of Ward no. 46 

in 2009 

 

88 

   

Table 3.8   Number of Buildings and Building Density of Ward no. 51   

90 

Table 3.9   Population (Daytime, Nighttime) and Population Density of 

Ward no. 51 in 2009 

 

90 



 xiii  

Table 3.10   Occupancy Classes of Ward no. 51 in 2009 91 

   

Table 3.11   Concrete Structural Building Numbers of Ward no. 51  91 

   

Table 3.12   Buildings Age and Visible Physical Condition of Ward no. 51  91 

   

Table 3.13   Number of buildings and building density of ward no. 60  93 

   

Table 3.14   Population (Daytime, Nighttime) and Population Density of 

Ward no. 60 in 2009 

 

95 

   

Table 3.15   Occupancy Classes of Ward no. 60 in 2009 95 

   

Table 3.16   Concrete Structural Building Numbers of Ward no. 60 in 

2009 

96 

   

Table 3.17   Buildings Age and Visible Physical Condition of Ward no. 60 96 

   

Table 4.1   Vulnerability Categories 99 

   

Table 4.2   Earthquake Risk Scores (E.R.S) 109 

   

Table 4.3   Base Scores and Vulnerability Scores of Risk Factors for 

Concrete Buildings 

 

114 

   

Table 4.4   Data Collection Procedure for Earthquake Risk Factors 115 

   

Table 4.5   Surveyed Samples with Vulnerability Factors  116 

   

Table 4.6   Building Ground Specification  118 

   

Table 4.7   Questionnaire Form and Content  121 

   

Table 4.8   Indicators of Social and Economic Vulnerability  126 

   

Table 5.1   Age of the Buildings  130 

   

Table 5.2   Earthquake Risk – Number of Buildings with Age and Storey  138 

   

Table 5.3   Earthquake Risk – Number of Buildings with Vulnerable 

Parameters 

 

138 

   

Table 5.4   Base Scores and Vulnerability Scores of Risk Factors for 

Concrete Buildings 

 

140 

   

Table 5.5   Earthquake Risk Scores 140 

   

Table 5.6   Calculation of Earthquake Risk Score of a Sample Building 142 
   



 xiv  

Table 5.7   Calculation of Earthquake Risk Score of a Sample Building 143 

   

Table 5.8   Calculation of Earthquake Risk Score of a Sample Building 145 

   

Table 5.9   Earthquake Risk – Number of Buildings  146 

   

Table 5.10   Distribution of Building Numbers with Respect to E.R.S. 

Intervals for Risk Level  

 

147 

   

Table 5.11   Relationship between Risk Parameters and Number of 

Building Storey 

 

148 

   

Table 5.12   Mean Value of Average E.R.S 149 

   

Table 5.13   Site Classification as per BNBC-1993  152 

   

Table 5.14   Distribution of the Respondents According to Age Group  158 

   

Table 5.15   Distribution of the Respondents According Household Type  159 

   

Table 5.16   Distribution of the Respondents According to their Family 

Size  

160 

   

Table 5.17   Distribution of the Respondents According to Gender 160 

   

Table 5.18   Distribution of the Respondents According to Education 162 

   

Table 5.19   Distribution of the Respondents According to Social Security 

and House Insurance  

 

163 

   

Table 5.20   Distribution of the Respondents According to their 

Knowledge  

165 

   

Table 5.21   Distribution of the Respondents According to their Attitude 

about Responsibility 

 

165 

   

Table 5.22   Distribution of the Respondents According to Risk Perception 166 

   

Table 5.23   Social Vulnerability Assessment Procedure 169 

   

Table 5.24   Distribution of the Respondents According to Income  171 

   

Table 5.25   Distribution of the Respondents According to their 

Employment 

172 

   

Table 5.26   Distribution of the Respondents According to their Car and 

House Ownership 

 

174 

   

Table 5.27   Economic Vulnerability Assessment Procedure 177 



 xv  

LIST OF FIGURES 
 

 

 

 

Figure 1.1   Earthquake occurrence 3 

   

Figure 1.2   P wave and S wave 3 

   

Figure 1.3   Different magnitude levels of Earthquake zone in and 

around Bangladesh 

 

6 

   

Figure 1.4   Epicenter of the earthquake that struck Afghanistan and    

surrounding regions 

 

8 

   

Figure 1.5   The Home in Peshawar was destroyed by the Hindu Kush         

Earthquake 

 

9 

   

Figure 1.6   Earthquake rubble in Bhaktapur, Nepal by the April 2015 

Gorkha earthquake 

 

9 

   

Figure 1.7   The flow chart described the methods, input and output 

process  

18 

   

Figure 2.1   Circum-Pacific belt and the Alpine-Himalayan seismic belt 24 

   

Figure 2.2   Focus and Epicenter 24 

   

Figure 2.3   Four major layers of Earth 26 

   

Figure 2.4   Ground shaking   27 

   

Figure 2.5   Buildings damaged by the 1999 Earthquake in the Izmit 

area, Turkey 

 

28 

   

Figure 2.6   Part of the Rangamati-Chittagong road collapsed in 

Bangladesh, 2017  

 

28 

   

Figure 2.7   Soil liquefaction 29 

   

Figure 2.8   Tilting of building during Nigata (Japan) earthquake, 1964 29 

   

Figure 2.9   Fire after the 1994 Northridge earthquake 30 

   

Figure 2.10   Tsunami in Japan, 2011 31 

   

Figure 2.11   The History of ground motion parameters 32 

   

Figure 2.12   India: Sikkim earthquake, 2011 34 



 xvi  

   

Figure 2.13   Nepal earthquake 35 

   

Figure 2.14 Tectonic setting of southeast Asia and the collision zone        

formed between the Eurasian and Indo-Australian plates 

 

37 

   

Figure 2.15   Destroyed building on January 29, 2001, Bhuj, India 39 

   

Figure 2.16   Japan earthquake and Tsunami, 2011 40 

   

Figure 2.17   Frequency of natural hazards in Bangladesh (1990 – 2014) 42 

   

Figure 2.18   Regional Tectonic Setup of Bangladesh With Respect to 

Plate Configuration 

 

44 

   

Figure 2.19   Digital Elevation Model (DEM) Of Bangladesh and 

Surroundings Showing Geological Faults 

 

37 

   

Figure 2.20   Seismic Zone of Bangladesh, 1993 46 

   

Figure 2.21   Proposed Seismic Zoning Map for Bangladesh based on 

Maximum Considered Earthquake  

 

47 

   

Figure 2.22   Building damage considering site effects in Dhaka city 54 

   

Figure 2.23   Effects of earthquake in Chile and Haiti, 2010 58 

   

Figure 2.24   Seismic design by “Strong columns weak beams" system 59 

   

Figure 2.25   Open Parking Space in ground floor  60 

   

Figure 2.26   Overhanging floors with heavy balconies 60 

   

Figure 2.27   Short columns by arranging infill walls  61 

   

Figure 2.28   Adjoining buildings of various structural configurations  62 

   

Figure 2.29   Collapse of under-construction multi-storied building in  

Chittagong (Nov.21, 1997 earthquake at Bangladesh-

Myanmar  border) 

 

 

62 

   

Figure 2.30   Map of Dhaka city Showing Approximate Location of Soil 

Types According to BNCC-1993 

 

66 

   

Figure 2.31   Components of the vulnerability assessment framework 68 

   

Figure 2.32   The risk pyramid shows the three independent factors that 

contribute to risk: hazard, exposure and vulnerability in a 3D 

format 

 

 

69 



 xvii  

   

Figure 3.1   Location map of study area in Dhaka City 78 

   

Figure 3.2   Map of Surveyed Area (Mohammodpur) 81 

   

Figure 3.3   Map of areas with the number of buildings in Dhaka city 

that will collapse or in extensive damage states, in M7.5 

Madhupur fault earthquake scenario 

 

 

82 

   

Figure 3.4   Map of 10 wards in Dhaka city which will suffer with 

highest economic losses in M7.5 Madhupur fault earthquake 

scenario 

 

84 

   

Figure 3.5   Map of 10 wards in Dhaka city with highest number of 

fatalities in M7.5 Madhupur fault earthquake scenario 

 

85 

   

Figure 3.6   Map of surveyed area (Kalabagan) 89 

   

Figure 3.7   Map of surveyed area (Old Town) 93 

   

Figure 3.8   Map of 10 wards with highest building density in Dhaka 

city, 2014 

 

94 

   

Figure 4.1   Flowchart showing research methodology for type 1 

vulnerability 

 

103 

   

Figure 4.2   Building footprint map for 3 selected wards in Dhaka city  106 

   

Figure 4.3   Building blocks of ward number 60 with distributed 

surveyed blocks  

 

107 

   

Figure 4.4   Pounding gap between adjacent buildings 111 

   

Figure 4.5   Some observations related with pounding effect 111 

   

Figure 4.6   Apparent building quality observations 112 

   

Figure 4.7   Database collected from surveys in SPSS  117 

   

Figure 4.8   Development of seismic vulnerability scenarios 117 

   

Figure 5.1   Different stages of building age 130 

   

Figure 5.2   The distribution of total 240 buildings with the number of 

storey   

131 

   

Figure 5.3   The relation between risk level and number of storey 132 

   

Figure 5.4   Numbers of buildings according to Soft Storey 133 



 xviii  

   

Figure 5.5   Number of short columns in corresponding wards  134 

   

Figure 5.6   Numbers of buildings according to apparent building quality  135 

   

Figure 5.7   Presence of heavy overhang with respect to areas 136 

   

Figure 5.8   Presence of pounding effect with respect to areas  137 

   

Figure 5.9   Distribution of presence of all the vulnerability parameters  139 

   

Figure 5.10   A sample building in the selected area of Dhaka city 141 

   

Figure 5.11   Location map of the sample building in the selected area  141 

   

Figure 5.12   A sample building in the selected area of Dhaka city  142 

   

Figure 5.13   Location map of the sample building in the selected area 143 

   

Figure 5.14   A sample building in the selected area of Dhaka city  144 

   

Figure 5.15   Location map of the sample building in the selected area 144 

   

Figure 5.16   Distribution of building numbers with respect to E.R.S. 146 

   

Figure 5.17   Earthquake risk scores as a function of number of storey  148 

   

Figure 5.18   Earthquake risk map with respect to average E.R.S. 150 

   

Figure 5.19   Map of Dhaka city showing approximate location of soil 

types 

152 

   

Figure 5.20   Ground motion with soil amplification (Madhupur Fault 

M7.5 earthquake scenario)  

 

154 

   

Figure 5.21   The liquefaction susceptibility map of Dhaka to the M7.5 

Madhupur fault earthquake scenario 

 

156 

   

Figure 5.22   Geological vulnerability for the three selected areas of 

Dhaka city 

 

157 

   

Figure 5.23   Distribution of the respondents by age, Household type, 

gender and Household size 

 

161 

   

Figure 5.24   Distribution of the respondents by education level of the 

household head 

 

162 

   

Figure 5.25   Distribution of the respondents by social security and house 

insurance 

164 



 xix  

   

Figure 5.26   Distribution of the respondents by disaster related attitude 167 

   

Figure 5.27   Distribution of the Social Vulnerability Parameters 167 
   

Figure 5.28   Social vulnerability level for the selected areas of Dhaka city  170 

   

Figure 5.29   Distribution of respondents by household income & savings 172 

   

Figure 5.30   Distribution of respondents by household income & savings 173 

   

Figure 5.31   Distribution of the Respondents by house and car ownership 175 

   

Figure 5.32   Distribution of the economic vulnerability parameters 175 

   

Figure 5.33   Economic vulnerability level for selected areas of Dhaka 

city 

178 

   

Figure 5.34   Socio-economic vulnerability for three selected areas of 

Dhaka city 

 

179 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 xx  

LIST OF ABBREVIATIONS 
 

 

 

 

ADPC Asian Development Preparedness Center  

   

BNBC Bangladesh National Building Code  

   

B.S.                              Base Score  

   

CDMP Comprehensive Disaster Management Programme  

   

DCC Dhaka City Corporation  

   

DEM Digital Elevation Model  

   

EMI Earthquake and Megacities Initiative, Inc.  

   

E.R.S  Earthquake Risk Score  

   

FEMA  Infinite Impulse Response  

   

GDP Global Gross Domestic Product   

   

GFDRR    The Global Facility for Disaster Reduction and Recovery  

   

M Magnitude  

   

MMI Modified Mercalli Intensity  

   

MoFDM Ministry of Food and Disaster Managment           

   

NOAA The National Oceanic Atmospheric Administration  

   

PGA  Peak Ground Acceleration  

   

PGV Peak Ground Velocity               

   

R.C.C  Reinforced Cement Concrete  

   

RCF       Reinforced Concrete Frame Building  

   

SAW Simple Additive Weighting Method  

   

S.R.V                           Score Reduction Values  

   

Si      Score of Indicator  

   



 xxi  

UNDP  United Nations Development Programme  

   

UNDRR    United Nations Office for Disaster Risk Reduction  

   

UNISDR     United Nations International Strategy for Disaster Reduction  

   

URM    Unreinforced Masonry Building  

   

USGS United States Geological Survey  

   

V.P.M                          Vulnerability Parameter Multiply   

   

W   Weight  

                           

 

 

 

 

 

 

  



 1  

CHAPTER ONE 
 

INTRODUCTION 
 

 

 

 

1.1 INTRODUCTION 

 

Earthquakes are natural catastrophe under which disasters are mainly caused by 

demolition or collapse of man-made structure and which can be violent enough to kill 

thousands of people. It is one kind of applied force which is affected directly to the 

building as whole partially and indirectly. 

Earthquake destruction depends on many variables such as Intensity, vibration 

period, the strength and speed of the energy, frequency, geological and soil condition, 

construction system also known as factors. It is estimated that 500, 000 or so detectable 

earthquakes that occur worldwide each year, more than 150,000 temblors strong enough 

to be felt by humans and about 700 shocks have this capability to cause damage when 

centered in a populated area (FEMA, 2010). Although most of these destructive 

potential earthquakes are moderate in size and centre in unpopulated areas far from 

civilization, a severe earthquake infrequently strikes a community that is not prepared 

adequately and thousands of lives and billions of economic investment are lost.  

For example, Haiti (North America) was struck with an earthquake of 7.0M 

magnitude on January10, 2010, rendering around 1.5 million people homeless and 

killing more than 230,000 people (2010 Haiti earthquake, n.d.)These numbers were far 

more than the causalities caused by the earthquake of same magnitude in San 

Francisco,1989 (63 died and 3,757 injured) (1989 Loma Prieta earthquake, n.d.). The 

reasons beyond such surprising difference were densely distribution of buildings and  
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other auxiliary structures. Most of the buildings did not built according to the standards 

and those were desperately destroyable in the grip of a strong earthquake. In this study, 

a vulnerability assessment process will categorize for earthquake hazard in densely 

disseminated residential location. The proposed evaluation model of vulnerability 

includes structural condition of houses, ground features, social (demographic) and 

economical phases of the settlement etc. The proposed methodology will have 

implemented for Dhaka, which is one of the metropolitans of Bangladesh. The purpose 

of the thesis is to calculate the building’s vulnerability so that earthquake-prone 

buildings can be identified and plans to increase awareness among the users can be 

easily organized. The results of the vulnerability analysis can also be useful in 

developing an urban community earthquake awareness and mitigation approach. 

 

1.2 BACKGROUND OF THIS STUDY 

 

1.2.1 Earthquake Overview 

An Earthquake is the series of vibrations caused by the arise of seismic waves which is 

spread out from rapid movements in rift, known as active fault in the Earth’s crust. 

When some form of stored energy in the earth crust is suddenly release it causes seismic 

waves (Guney, 2015), usually when masses of rock push into each other or pull apart 

suddenly fracture and slip (Figure 1-1). 

From the fault location, different types of waves and velocities travel different 

paths in all direction before reaching a building’s site and exposing the local ground to 

various motions. A tectonic earthquake begins most often along geologic faults, 
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narrow zones where movement of the opposing blocks of rock past one another 

(Bachmann, 2002).  

 

Figure 1-1: Earthquake Occurrence (Introduction to Earthquakes & Tsunamis, 2010) 

 

Before getting into a site, different types of rupture propagation and velocities 

travels various routes and placed the local ground in danger by several motions. The 

earth surface shakes quickly both horizontally and vertically in all directions. The 

amplitude of the earthquake shaking is dependent on many variables, including size, 

distance from the epicentre, focus depth, topography and local circumstances. 

Seismic waves classify into two general categories: body and surface waves. 

Body waves, including P and S waves, travel through inner earth (Figure 1-2). P waves 

look like sound waves for that they can compress and expand element as they pass. S 

waves act like water waves, so they move material up and down (Earthquake, n.d.). 

 

 
 

Figure 1-2: P Wave and S Wave (P Wave, n.d.) 


