CHAPTER 4

EARTHQUAKE DAMAGE AND LOSS ASSESSMENT 

4.0
Overview 


This chapter describes earthquake damage and loss models developed for earthquake prone areas of the world. Applied Technology Council has developed Earthquake Damage Evaluation Data for California (ATC-13, 1984), which is considered to be very close to the real damage data. Based on ATC-13, number of models has been developed. This chapter describes various models existing for earthquake damage and loss assessment. A comparison has been carried out between well established models. 

 4.1
Earthquake Damage Assessment Techniques

Quantification of structural damage presents a number of difficulties. The mechanism of damage is different for each building type; the cracking and disintegration of load-bearing masonry, for example, is a significantly different process to the deterioration and failure of a reinforced concrete frame. In some cases, it is possible to avoid these differences by quantifying and comparing damage in financial terms, the most common used economic measures of damage is Repair Cost Ratio (ATC-13). This is the ratio of the cost of repair and reinstatement of the structure to the cost of replacing the structure. The definition of structural damage generally describes it as “light damage”, “Moderate damage”, “Severe damage” “Partial Collapse” and “Complete Collapse”.  

4.2
Earthquake Damage Distribution 

At any location due to an earthquake, buildings suffer different levels of damage. After the event damage survey is carried out and experts record the grade of damage for each building type. Then depending upon the damage grade caused to different classes of buildings and their numbers, intensity is assigned to the area. Similarly, to assess the damage of different intensities for an expected earthquake scenario the damage can be worked out using intensity scale and available classification of buildings. One of the methods for assigning probability of expected damage is Damage Probability Matrix developed by Whitman in 1973.  

In the analysis of the damage data from past earthquakes, it is observed that the distribution of damage for well-defined classes of buildings tends to follow a pattern, which is very close to Binomial distribution. On the basis of this fact, Whitman,1973, has developed Damage Probability Matrix using single binomial parameter.

Expert Opinion Survey 

The technique of expert opinion survey can also be used for generating damage probability matrices, for different classes of buildings which have well defined structural forms, but limited damage data is available about such building. 

In this approach, a number of experts are asked to provide independent estimates of the average damage level (defined in a predetermined way) for each class of building at different levels of intensity, After that their answers are circulated to all of them and further, they are requested to revise their assessment in the light of the response of others if any, to achieve consensus. The average damage levels agreed are then converted into damage probabilities using standard distribution techniques. The Applied Technology Council has applied this method for the state of California for earthquake damage evaluation (ATC-13, 1984).

4.3
International Scenario Models for Damage and Loss Estimation 

4.3.1
Applied Technology Council-13 

The objectives of ATC-13 were: identification of the earthquake shaking characteristics, development of facility classification schemes, development of earthquake damage and loss estimates in terms of the earthquake shaking characteristics selected in terms of MMI intensity and development of inventory data. It classifies the facilities in two ways: (i) by Earthquake Engineering Facility Classification, which characterizes structures in term of their size, structural system, and type (e.g., low-rise unreinforced masonry buildings), and (ii) by Social Function Classification, which characterizes facilities in terms of their economic function. This is carried by ATC-13 for California region. 

The damage and loss estimations have been worked out by ATC-13 using a computer simulation model known as FEDLOSS (FEMA earthquake damage and loss estimation system). FEDLOSS utilises the engineering methodologies and data described in the ATC-13 report to provide estimates of damage, losses and casualties from either real or hypothetical earthquakes.

The FEDLOSS model calculates the following types of losses:

· The expected physical damage caused by ground shaking.

· The expected losses from collateral earthquake hazard such as ground failure, inundation, and fire

· The expected percentage of loss of function or usability, including the time required to restore the facility to its pre-damage usability 

· The expected percentage of population killed and injured 

Physical damage percentage caused by ground shaking for selected engineering facility classes, expressed in terms of damage factor versus Modified Mercalli Intensity scale, was developed using expert opinion survey 

The procedure for estimating loss of function and restoration time for this project is based on the premise that loss of function and subsequent restoration time are directly related with direct damage to the individual facility and direct damage to lifelines on which the facility depends. 
On the basis of available information (NOAA, 1972, 1973; Anagnostopoulos and Whitman, 1977), ATC-13 developed injury and death rates based on the total damage to a structure, including damage resulting from ground shaking and collateral causes. 
In addition to damage caused by strong ground shaking, collateral hazards such as ground failure, fault rupture, inundation, and fire can also cause serious damage to facilities. ATC-13 provides method for estimating damage caused by such collateral hazards.
4.3.2
Estimating Losses from Earthquakes in China in the Forthcoming 50 Years: (Chen Yong et al., 1992 )

Chen Yong et. al. 1992 developed model for vulnerability assessment of buildings. Method relates to casualty caused by earthquake directly related to seismic damage to buildings. It is a probabilistic method which utilized ground shaking characteristics at macro level. Both deterministic and probabilistic approaches are used for assessing earthquake losses. It is based on the data collected by national wide survey of houses and buildings in china in 1960. 
4.3.3
A Rational, Methodology for Predicting Earthquake Losses in Urban Areas: (Onder Kustu and David D. Miller, 1996)
As part of the work summarised in this paper, the authors have developed model based on a computer code, name SIMPLE, which follows the Monte Carlo simulation procedure for loss estimation. The model is based on facility classification of ATC-13. Damage assessment is carried out on the basis of peak ground acceleration as earthquake characteristics which are worked out using empirical attenuation laws. The data required for the program includes event magnitude and hypo-central location. To consider damage associated with fault rupture, it requires rupture length and location. This is particularly suitable for estimating earthquake losses in urban areas.  

4.3.4
Estimating Residential Dwelling Losses: The California Residential Earthquake Recovery Fund (CRERF) Experience: 

Weimin Dong, Hemant Shah, Joseph Klun and Sherry Green (1996) have estimated residential dwelling losses for California region. The model has followed damage and loss assessment criteria using ATC-13. Only residential buildings were considered for damage assessment. the model prediction is reasonably agreeable with the actual loss. The study was carried to suggest amount to be paid by house owners for insurance. It utilizes the Beta distribution for damage survey.
4.3.5
A New Approach to Global Loss and Casualty Estimation in Earthquake: N. P. Jones and A Liu, 1996

An analytical model developed by Jones and Liu, 1996, is developed to estimate structural damage quantitatively due to an earthquake using an approach which predicts the statistical distribution of damage factor for a structure in an inventory by using an ensemble of simulated time histories of ground motion coupled with physically reasoned structural models. Many damage models are proposed to characterize the state of structures after earthquakes base don dynamic analysis of reinforced concrete structure. 

4.3.6
HAZUS Earthquake, 2003
HAZUS is widely applied methodology and software for estimating potential losses from multi hazards. The programme was developed by FEMA under contract with National Institute of Building sciences (NIBS). The earthquake model of HAZUS was released in early 2003. The model allows users to forecast damage and loss to buildings, infrastructure and population that may result from potential earthquakes. The features of HAZUS includes building classification system, capability to compute damages to residential, commercial, industrial, essential facilities and transportation and utility lifelines, Compute damage to building structure, contents and interiors, estimate debris , helter needs, and other economic losses.
4.4
National Scenario: Model for Earthquake Damage and Loss Technique

4.4.1
Revenue Book Circular, State Governments, India 
Each province/ state governments of India have developed revenue book circular, which forms the basis for damage and loss assessment. This is also called as relief book. This document plays vital role in the enunciating the loss profile as official statement of loss and damage is compiled based on this method. The relief book has classified the types of facilities and grade of damage. Based on grade of damage and facilities, Government issues the loss assessment criteria for compensation. The rate of loss assessment changes from time to time based on cost escalation factors and severity of disasters. In case of natural perils, primary focus is to compensate the household in three different sectors. These are houses, agriculture and human casualties and livestock. The unit for loss assessment follows certain ratio, which is based on physical damage. The buildings are divided into Kuchha and puccka type. The damage typology includes ‘no damage’, ‘partial collapse of roof’ and ‘complete collapse of roof’. Based on damage, the loss criteria is decided. 
This methodology is not developed on sound technical and engineering procedures. This is one method by which the victims are compensated by the government. So that they can be brought back to normal stream of life. The assessment criteria changes from state to state depending upon various governing factors. 

4.4.2
Damage Scenario for Hypothetical 8.0 Magnitude Earthquake (Arya A. S, 1998)

Arya A. S. 1998 has developed model for earthquake damage scenario for hypothetical 8.0 magnitude earthquake in Kanga region of Himachal Pradesh. The scenario is simulated for 1905 earthquake.  Kangra region falls in seismic zone V of the seismic zoning maps of India, which is liable to intensity “IX and more” on MSK 64 intensity scale. The building inventory of Himachal Pradesh, based on Census 1991, has been considered for creating a damage profile. The extent of damage to various types of buildings and grades of damage are worked out based on comprehensive intensity scale (MSK 64) criteria. Various reasonable assumptions are made for development of damage scenario, which includes size of various intensity zones will be the same as that of 1905 earthquake, uniform distribution of population in the study area, conversion of Rossi Forrel scale to MSK using established relationship etc. The economic losses due to house damage have been worked out. The result shows that the total cost of reconstruction and repair will be around Rs. 5000 crores for houses in Himachal Pradesh.  For other social, institutional buildings, road bridges the cost could be Rs. 1000 crores. No mathematical or statistical tools were used in developing this scenario. 
4.4.3
Comparison between Various damage Assessment Techniques 

The most comprehensive technique ATC-13 has been compared in table 4.1 with two Indian efforts , to show the need of research in this area. 
Perspective evaluation of existing damage assessment methods 

(a)
ATC-13 Methodology

Strength of ATC-13 Model

· ATC-13 Model provides precise concept of damage distribution

· The Damage coefficients are developed based on Delphi techniques for which data generated by renowned earthquake experts and professions

· The model takes care of all types of buildings existing in the study area

· All Seismotectonics parameters are considered for the study

Limitation  

· The method is developed for urban settlements of California, of United States of America. This methodology will also suit to the other parts of America and another developed countries, where such types of buildings exist. However, once considering underdeveloped or developing countries, this method does not give precise results. With specific reference to country like India where rural settlements are based on certain varying parameters, this methodology requires considerable changes in its parameters

· Indian Rural settlement is based on Cast, Economy and social background. The number of houses and their architectural variation is not significant. In all villages of study area, it is found that all houses are not considerably varying in size, construction material and construction type. So if the analysis is done with ATC-13 methodology, the damage distribution cannot be realized. The damage ratio will be clustered in a single range thus not giving clear picture about its distribution.

· The area has not been affected by earthquake before. Therefore, no literature is available about building damageability. Therefore, Mean Damage Ratio for various intensities for different buildings is not available.

Table 4.1: Comparison between Comprehensive ACT-13 and Indian Efforts in Damage Assessment Techniques

	Research Parameters
	ATC-13 for California 
	Revenue Book Circulars
	Arya A. S, 1998

	Scenario earthquake scenario
	For California for historical earthquake
	Nil
	1905 Kangra Earthquake of Magnitude 8.0

	General Soil Consideration
	Soil Parameter is considered
	Nil
	Nil

	Earthquake Characteristics 
	Based on MMI scale of earthquake
	Nil
	Individual judgment using MSK scale 

	Building damage estimates
	Based on Expert opinion the DR is derived for various housing type
	The rates are decided by state government for various grade of damage
	Based on MSK Scale Intensity 

	Economic losses
	Damage Probability Matrix 
	Based on door to door survey by mostly non technical persons 
	Calculated on certain assumptions

	Precision of estimates
	Macro Level Information
	No precision
	Macro level seismic zones

	Building damage criteria
	Intensity
	Nil
	Intensity

	Applicability
	Urban areas of developed countries like America
	Limits to Indian states 
	Can be applicable to Indian data

	Source of Information for damage estimation
	Various data base available to federal government
	Area map and field observation 
	Based on 1991 census information


(b)
National Level Approach and their Disadvantages 

(i)
Revenue Book Circular, India 
The economic loss assessment using the Revenue Book is based on count basis, where state government decides the standard rate of damage for each type of peril. However, this method does not give any precise estimate. There is no technical or engineering rationale behind the relief valuation. In view of incorporating technical and engineering damage evaluation, there is need for modifying the damage methodology.
(ii)
Arya et.al. 1998
The result obtained from this method does not give clear picture of damage distribution to the affected area. However, this gives some idea to the planners, policy makers and decision makers to evolve disaster management strategies.  This may be modified using extensive data collection and proper engineering analysis.

4.5
Need of Research 
· The need to improve the ability of non-engineered buildings to withstand seismic forces arises from their evidence of damage and poor behaviour during recent earthquakes. In India earthquake vulnerable areas, the extent of losses can be further reduced through structural mitigation in the form of retrofitting. 
· The seismic improvement of building may impose the financial burden to the individual, society or the government. Thus there is a requirement to have feasibility of implementation of such structural mitigation programme.
In view of above, the methodology has been comprehensibly evolved keeping the shortcomings in existing models and applicability to Indian semi urban to rural context. The method is developed keeping the parameters existing in the study area like housing typology, geological factors, seismic events in past, household characteristics, feasible retrofitting techniques, applicable damage and loss techniques, deaths and injury estimation techniques. 

4.7
Conclusion 

The chapter discusses various damage and loss estimation methodologies for its suitability to developing and under developing countries. The well-established methodologies like ATC-13 and other models have been critically evaluated and various limitations have been pointed out to indicate that there is a need to work towards the development of damage assessment method as per the needs of developing countries. 
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