CHAPTER 1

INTRODUCTION AND BACKGROUND

1.0 Overview 

Worldwide, approximately 75 % of the fatalities attributed to earthquake are due to collapse of buildings out of which, almost 80 % to 90 % victims die in the collapse of masonry buildings (Coburn et. al. 1992). These are primarily non-engineered, unreinforced weak masonry buildings made of adobe, rammed earth, random rubble stone, fired brick and concrete block masonry. These buildings can collapse rapidly at high earthquake intensities. Increasing population and un-sustained rapid urbanization will contribute to accommodate large mass of community in such houses. These non-engineered buildings are not designed and constructed to resist inertia forces generated due to random earthquake motion. 

1.1
Earthquake Damage: Causes

During earthquake, development of tensile and shearing stresses in walls of building is a primary cause of different types (IAEE 1980) of structural damage.  This manual describes various causes of the damage associated with non engineered buildings like adobe rammed earth, random rubble stone, fired brick, concrete block masonry etc.
1.2
Casualties and Injury Caused by Earthquake 

The most devastating consequences of earthquake are the loss of life and sever injury. Reducing the loss of life is the first priority for earthquake disaster management. The extent of human losses depend upon type of house, occupancy rate, occupation at the time of shaking, search and rescue operation and community preparedness. Altogether every day, many earthquake events strike the densely populated and uninhabited area but only few earthquakes are responsible for most of the fatalities. In fact, the five largest events are responsible for over half of the total earthquake fatalities in this century and almost 80% of the total occurred in selected 20 earthquakes (Coburn et al 1992). 

Centre for Research on the Epidemiology of disasters(CRED) in collaboration with World Health Organisation(WHO), has developed comprehensive database, which details out the type/ Nature of disasters, associated casualties, people affected and economic losses. The data shows that the people killed due to various disasters are growing higher in developing countries of Asian continent (Figure 1.2.a). The similar trend has been observed for other continents too. The disaster has badly affected the life of Asian countries (Figure 1.2.b). Only after hydro-metrological disaster; earthquake is the most disastrous events; which has maximized the homelessness of affected people. Although the average frequency of earthquake is lesser than flood and high wind but due to its non-predictiveness, loss of physical infrastructure and massive negative impact; earthquake holds huge loss potential than other disasters. When comparing earthquake events world wide; the casualty and homelessness, India and China are the biggest sufferers (Figure 1.2.b).
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Figure 1.1a: People Killed due to Earthquake Disasters: World Perspective

Source: Based on "EM-DAT: The OFDA/CRED International Disaster Database, www.em-dat.net - Université Catholique de Louvain - Brussels – Belgium” 2008
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Figure 1.1b: Worst Affected Countries 
Source: Based on "EM-DAT: The OFDA/CRED International Disaster Database, www.em-dat.net - Université Catholique de Louvain - Brussels – Belgium” 2008

1.3    Initiatives for Earthquake Disaster Safety

It is well known that activities associated with management of any disaster is clubbed in four phases i.e. preparedness, mitigation, response and recovery
. Activities before earthquake events are grouped in preparedness and mitigation. The response and recovery are major events, which assists in normalising the disaster event.  In past, more emphasis was given to post disaster reconstruction and recovery. Yokohama summit 1987 rendered paradigm shift from reactive to proactive disaster management. The Yokohama strategy spelt out the need for disaster preparedness. Consensus was made that the key of disaster management lies in disaster preparedness and mitigation. Thereafter vulnerable countries scaled up activities for disaster preparedness and mitigation. 

India has also geared up for effective and efficient disaster management. The Government of India under Ministry of Agriculture and Cooperation had setup the High Power Committee (HPC) under the chairmanship of Prime Minister of India in 1999. The expert team constituted by HPC worked out disaster management plan. After massive destruction of Gujarat earthquake, disaster management portfolio was transferred to Ministry of Home Affairs. The Ministry of Home Affairs in association with United Nations Development Programme (UNDP) launched Disaster Risk Management Programme. The programme essentially aims to contribute towards the social development goals of the national government and enabling 12 state governments to minimize losses of development gains from disasters and reduce vulnerability. It aims at demonstrating a sustainable model for mainstreaming of disaster risk management at all levels with focus on district and community level activities, based on which the government of India would replicate the approach and process in the remaining hazard-prone district of the country. 

1.4
Earthquake Mitigation and Protection

To reduce the negative consequences of earthquake, disaster mitigation is of prime importance. From the beginning of our civilisation, mankind has learned and still learning to live with disastrous impact of earthquake. Mankind has developed earthquake resistant building construction; which can be seen in many parts of the seismic prone areas across the globe. For example, in India, earthquake resistant features of vernacular buildings are apparent in Himachal Pradesh, Uttaranchal, Chamoli, Bihar, Assam and Tamil Nadu. The resistant features may be in the form of small opening, predominant lintel bands, use of ductile material in construction, Bands at various levels, symmetrical shape at plan and elevation, bonding of building component at various level etc. 

1.5
Need for Seismic Structural Safety

The causes of earthquake losses lie in physical devastation viz. buildings and infrastructures. It is observed that large proportion of people are trapped and killed in non-engineered building during severe earthquakes. Apart from killing, it also affects many other social and economical elements. The damage to buildings and other infrastructure are directly correlated with socio-economic and financial losses. Some losses are tangible and some are intangible. It is difficult to estimate intangible losses. The most obvious and immediate consequence is the physical destruction of built environment. As a consequence of physical damage, people are rendered homeless, jobless, and services are disrupted.
The loss of production to the region’s economy, loss of livestock and employment are correlated with earthquake physical damage. The cost of reconstruction after a major earthquake can greatly increase a country’s national debt, setback economic development and cripple local and national economy (Coburn et al 1992) .

A comparison of earthquake losses with the Gross National Product (GNP) of the country shows seriousness of such losses to the national economy. GNP is an indicator of the country’s own potential for recovery. The earthquake losses form a significant proportion of GNP. The poor nation with lower GNP are more vulnerable (Coburn et al, 1992). There is a need to understand the negative consequence of earthquake events and potential damage to large population of rural non-engineered construction in earthquake prone areas of India and in other developing countries like Iran, Afghanistan, Turkey etc. The stringent techno-legal framework is necessary for strengthening and construction of seismic resistant physical infrastructure.

1.6
Importance of Strengthening Non Engineered Construction 
As explained earlier, safety of non engineered building from the fury of earthquakes is a subject of highest priority. More than 90 % of the population is still living and working in poor buildings and that most losses of lives during earthquakes have occurred due to their collapse (Coburn et al., 1992). The risk to life is further increasing due to rapid growth of population particularly in the developing countries. the factors like poverty, high population density, scarcity of modern building material viz. cement and steel, lack of awareness and necessary skills are few parameters governing seismic vulnerability. 

In India, about 80 % of buildings are non-engineered (Census 2001) and revolutionary changes in the construction pattern will take long time in implementation at user level. Hence to develop earthquake resilient society, it is necessary to modify  the strength of existing buildings by retrofitting. 
1.7
Need for Research 

For commencement of earthquake disaster mitigation programme; there is a need for project appraisal of such projects as heavy expenditure is involved in implementation. In India, large stock of non-engineered houses requires retrofitting. Such rehabilitation will require large amount of money and resources. The scarcity of resources demands for trade off between resources and time. There are number of techniques available for retrofitting and earthquake mitigation i.e., GOM guidelines for Marathwada housing retrofitting, ISET Manual, IS codes but in view of scarce resources, there is a need to weigh the different alternatives. One of the best suited alternative proposed and chosen for implementation. 
There is a need to develop methodology for economic assessment of mitigation programme for non engineered buildings. This helps policy / decision makers to understand the severity and probable damage or loss of physical infrastructure and select mitigation strategy for reducing the damage. 
In general, policy / decision makers play significant role for sanction the funds and resources. If simplified tools are developed for better understanding about the loss estimation and damage assessment; it will be easier for them to allocate funds and resources for such projects. The decision makers should also understand the feasibility of project work so that the effectiveness of strategy can be realized. The development of decision-making tool is one of the prime objectives of this research study.

The need for efficient and reliable estimation of the socio-economic impact of massive earthquakes has been amply demonstrated with recent earthquake events worldwide. The damage scenario study of earthquake plays a vital role for making community, policy makers, decision makers and other professionals to understand the extensive impact of the earthquake. Based on damage scenario study; the planners and community can plan for seismic risk mitigation. 

Earthquake disaster management is multidisciplinary stream which requires involvement of the experts from different field viz Planner, sociologists, civil engineers, structural engineers, economists, non government organizations and community based organizations. Every stream has its own role to play for effective mitigation. It is one of the objectives to develop tool for policy makers to assess the importance of economic implication of retrofitting of rural non-engineered residential buildings. The tool will provide empirical charts and formulae for assessment of funds invested for earthquake disaster mitigation for non engineered buildings of rural areas of Pandhana tehsil of Madhya Pradesh. .

1.8
Objectives of the Research 

The success of the mitigation strategies lies with pre disaster planning and management. The present research is an effort for developing a strategy model for economic assessment of disaster mitigation and management as a tool for evaluating the feasibility of seismic disaster management projects though retrofitting of non engineered buildings in developing countries. Precisely the objectives are:

· To understand the vulnerability of non-engineered buildings in earthquake prone areas of India. 

· To understand various existing retrofitting techniques suggested in national and international manual, guidelines for retrofitting of non engineered construction and  adopt best suited techniques for the buildings of area under study 

· To develop scenario for damage of buildings and its reduction due to retrofitting.

· To develop loss assessment methodology for assessing losses induced by earthquake disaster in rural areas 
· To develop model for assessing losses in monetary terms for earthquake induced deaths and injuries
· To develop a tool for policy makers or implementing agencies to assess the vulnerability and viability of disaster reduction programmes in rural areas.

· To develop a techno-managerial concept for earthquake disaster mitigation.

· To integrate different disaster mitigation activities and role of various streams in earthquake mitigation.

1.9
Scope of the Research 

Economic assessment of retrofitting of buildings requires large collection of buildings data in the study area. Based on parameters; the survey was conducted. An extensive questionnaire was developed including general household information, architectural and structural detailing viz., details of foundation, wall, roofing, description of structural integrity, map showing plan and elevation. The collected data is used to develop damage scenario based on performance of buildings for various earthquake intensities. There are number of ways for developing a damage scenario viz. analytical and empirical. In present research empirical method has been adopted for damage scenario study. The damage of buildings has been estimated based on (i) Comprehensive Intensity Scale (MSK 64); which defines the relation between Intensity and different damage grades, (ii) past seismic performance of prototype buildings in vicinity and (iii) condition of house and material used. 
Tangible and non tangible types of losses have been considered for assessment. Tangible losses deal with physical damages. These have been worked out in terms of repair cost to reconstruction cost.  

The intangible losses include deaths and injury, losses of function, rent, relocation and property losses. These have been derived from physical damage of buildings. For each parameters coefficient is derived based on study carried out. 
The analysis of losses is done before and after retrofitting. The reduction of losses is the net benefit for the house owner. The financial assessment tool has been developed for assessment of investment. There are number of models available for testing the financial validity of such social projects viz, Cost Benefit Ratio, Net Present Values, Internal Rate of Return etc. Various models are reviewed and Net Present Value method has been used in present work for Cost Benefit Analysis.

The overall methodology was developed on the basis of a set of random samples from housing stock of Pandhana tehsil of Khandwa district. The area lies in earthquake zone III where expected maximum intensity is VII. 

1.10
Research Methodology 

The research study is focused upon development of tools for financial assessment of retrofitting of non-engineered buildings in earthquake prone areas. The methodology has been developed based on various components like construction techniques, resources management, damage and its loss estimation, earthquake resistant features and financial assessment of investment. 

It is necessary to understand the construction method prior to recommend the retrofitting techniques. Various components of buildings have been studied like architectural configuration, foundation, load bearing system, roofing elements, material used, life of building, structural and load transferring systems. In India, Census of India has categorised buildings based on material used for wall and roofing. It further categorises roof in to flat and sloping type. The research methodology has adopted categorisation of buildings based on Census of India and IS code 1893:2002.   

Long Wall-Short Wall method (Dutta B. N. 1993) has been used for estimating the quantity of building material and cost in the present research work. The need of financial assessment is justified for replacement of building after earthquake at prevailing market rate. All rates of resources have been adopted from Madhya Pradesh Schedule of Rates of Public Works Department and workmanship charges have been derived from case study area district administration office.

Since the origin of civilisation and earthquake events, the mankind has developed techniques of retrofitting and repair for the buildings affected by earthquake based on their knowledge and available resources and skills. In modern days due to available construction technology and skills the retrofitting and rehabilitation technology has become more evident and effective. The proposed retrofitting techniques are based on type of construction material for houses, Indian Standard Codes, existing guidelines viz. (GOM 1998) and socio-economic condition of the householders. 

It is difficult to workout intangible losses; but the losses can be correlated with direct physical damage. There are number of models available for casualty estimation. The research methodology has adopted the Lethality Ratio (Coburn et. al. 1992) with modified parameters and coefficients suitable for study area. The model is based on number of houses, occupancy rate, time of earthquake, people trapped in collapsed houses and injury distribution at collapse. The coefficients have been derived for rental, relocation, functional and household losses. 

As stated, the present work has adopted Net Present Value method for economic assessment. There are certain parameters, which needs to be worked out. These are rental losses, relocation expenses, property losses, casualties, reduction in building damage depending upon effectiveness of retrofitting.

The financial assessment is done for damage and losses to building without retrofitting and reduction in damage after retrofitting. 

1.11
Chapter Organization 

The undertaken research study comprises of ​​​​​​​​nine chapters. Before starting the chapters, acknowledgements, executive summary, contents, list of figures and list of tables, are placed. The research work carried out by other scientists and researchers used in present study can be referred in list of Reference at the end of thesis.  The secondary references have also been included in bibliography. To achieve the objectives of research, the work carried out is presented in various chapters is follows:
The first chapter emphasizes on causes of earthquake, initiatives for earthquake mitigation, need for structural safety, need and objectives of proposed research, brief methodology for proposed research. 
The second chapter discusses state of art review in brief and includes lessons learnt from various significant earthquakes in India, well established models for damages and loss assessment techniques, retrofitting techniques and project feasibility approaches. These literatures build up the structure for proposed economic assessment of earthquake mitigation model.
The third chapter highlights strategy for earthquake mitigation, primarily it present review of approaches for seismic mitigation, needs, objectives, governing factors of retrofitting, associated problems, various existing methodologies, national and international seismic mitigation practices, and salient features of proposed methodology for earthquake mitigation in the current research work.  This chapter critically review above stated issues and propose the retrofitting measures to be adopted in the development of techno-managerial model in present research. 
The fourth chapter covers damages assessment techniques and existing earthquake damage and loss models developed for various earthquake prone areas of the world. Various models are critically reviews for it’s suitability for the proposed research. Finally chapter identifies the need of research. 
The fifth chapter describes various existing methodologies for financial assessment of projects with special reference to earthquake disaster mitigation. It describes financial principals, rules for weighing social projects, Net Present Value, Cost Benefit Analysis and Internal Rate of Return (IRR) in detail. Based on these issues, the chapter emerges with new approach for economic assessment for disaster mitigation. 
The sixth chapter introduces the approach, structure and methodology for proposed strategy model of economic assessment of retrofitting of non-engineered buildings. The strategic model comprises of six sub-models. These sub-models are data collection, data analysis and interpretation, seismic risk mitigation, cost estimation of reconstruction and retrofitting, earthquake damage assessment and project appraisal. Each model has been discussed in detail. 
In seventh chapter, the proposed strategy model has been explained in detail with the help of set of single brick and mud building dataset. The model has been validated through another set of brick and mud building. Values of parameters have been calculated through statistical analysis and other analytical methods. The case study has been performed on Khandwa district of Madhya Pradesh. 

The eighth chapter discusses the application of proposed model on different set of building data ranging from set of sample dataset to total buildings of tehsil of Pandhana. Brick and mud buildings are considered for economic assessment. The chapter critically examine the results obtained from various cases and concludes the feasibility of earthquake disaster mitigation. 
Finally, the ninth chapter presents conclusion of the research work. The chapter critically discusses the results obtained in chapter 7 & 8, strength and limitations of proposed model, recommendation for adopting the model and future scope of research in this direction.  
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