CHAPTER 6

PROPOSED METHODOLOGY FOR ECONOMIC ASSESSMENT OF EARTHQUAKE DISASTER MITIGATION

6.0 Overview 

The chapter explains overall methodology for economic assessment of retrofitting of non engineered buildings. The proposed methodology is compartmented into three modules. The first module deals with data collection from field, defining survey methods, classification of buildings and analysis of collected data. The second module emphasises on cost estimation of reconstruction and retrofitting, assessment of various damage and losses associated with earthquake and estimation of benefits. The third module focuses on economic assessment of retrofitting of buildings. The chapter describes the methodology with estimation of various used parameters in proposed methodology. 
The developed model is distinct from existing models, since it has been developed for rural to semi-urban environment. The model’s strength and applicability has been detailed out in clause 9.6, Chapter 9. The proposed model’s structure and various sub-models have been discussed this chapter through flowchart with short description. This chapter amalgamates various sub models to create comprehensive model for damage and loss assessment leading to financial assessment of earthquake mitigation.
6.1
Structure of Proposed Model for Economic Assessment 

The proposed model brings together various social, engineering, economic and technical aspects of earthquake risk management. Figure 6.1 shows the process flowchart for proposed methodology. The methodology includes various sub-models for Data collection, data interpretation, structural detailing of existing buildings, evolving earthquake mitigation strategies, financial estimation of reconstruction and retrofitting techniques, damage and loss assessment and finally project appraisal model for economic assessment of retrofitting. Each sub-model has been described in detail in following section. 

Figure 6.1: Flowchart Showing Overall Methodology for Economic Assessment of Disaster Mitigation 
6.2 Data Collection

The development of complete and detailed inventory of structures is the most crucial, time consuming and expensive component of an earthquake loss and retrofitting technique development. The accuracy of the final estimates of damage and loss is highly dependent upon the accuracy of the underlying structural inventory which is developed for the study. In this regard, the methodology is evolved for collection of data. Data collection methodology includes identification of parameters for survey, mode of survey, data compilation, database preparation and Validation of survey data. The Figure 6.2 is the flowchart showing methodology for data collection. 
The data collection includes various parameters viz., geological, geographical, seismological data, socio-economic factors, financial parameters, building strength and weakness, housing characteristics and demographic information. 

6.2.1
Site Parameters 

For the area to be assessed, it is essential to consider following factors:

· Seismicity of the area: The seismicity of the study area is very important for evolving the strategies. If the area lies in moderate seismic risk zone, then it is required to provide retrofitting techniques as per the moderate ground shaking, where intensity will not exceed intensity VII. 

· Geological Features: The knowledge of geological profile are essential to know before commencement of the survey and studies

· Frequency of earthquake: It is imperative to know the annual frequency of earthquake in the study area.

· Soil Condition: The soil condition plays a major role in providing basis for expected extent of damage in future earthquakes.

6.2.2
Identification of Parameters 
Before data collection; it was necessary to identify the parameters required for economic assessment of earthquake mitigation. For the same, it is necessary to develop the questionnaire forms. The questionnaire forms should include following parameters which may be classified as given below:

(i) Respondent’s Name and Contact address contains the name and address of respondent, who may be house owner or local representative, providing details of the houses information.
(ii) General Information: The Generalion information includes income of owner, name of village, type of building, age of building, floor area, height, thickness of wall, maintenance status etc.
(iii) Structural Detailing: The structural details of the building include specific information about foundation, flooring, wall and roof etc. On the basis of this information, strength and weakness of structural system of the particular buildings can be identified. Accordingly the retrofitting technique can be developed based on prescribed standard codes and prevailing retrofitting manuals. 
(iv) Plan and Elevation of Buildings: Building plan and elevation should be plotted to get detailed information about the opening and other physical configuration.
The details of the questionnaire may be referred at Appendix 6.1. The instruction of filling up the survey form may be referred at Appendix 6.2. It is necessary to check the validity of the questionnaire. For the same, before commencement of the survey, questionnaire designer should perform checks in the field. If some modifications are required, it must be done before conduct of survey. The next step is planning for survey and making provisions for necessary logistics. 
6.2.3 Execution of Survey

It is necessary to constitute a team which includes persons those have sufficient skills and knowledge about the construction of building and earthquake resistant construction. In this regard, help of various engineering departments and organisations could be taken. It is necessary to check the data by team leader or designer of the questionnaire during the field survey and if necessary, feedback is to be provided to surveyors. 

Figure 6.2: Methodology for Collection of Data

6.2.4
Database Preparation 

The collected data is structured in the database. The database format may be prepared using FOXPRO® or Microsoft Access® software. The proposed format may be referred at Appendix 6.3. The structured database has quarry options, which helps in getting required data and information. The developed database should be checked for authentication in random manner with originally filled data collection forms. 
6.3 Data Analysis and Interpretation 
The data analysis and interpretation is meant for analysis for collection data which helps in getting desired outcome for assessment of mitigation strategies. The figure 6.3 shows flowchart for data analysis and interpretation. The methodology for data analysis and interpretation includes criteria for categorization of filed data, based on categorisation, identifying the building typology, detailing of construction techniques and finding seismic strength and weakness with respect to Indian standard codes. 
6.3.1
Classification of Buildings

The classification and characterisation of buildings depends upon the research need. There are various ways by which buildings can be characterised such as utility, building configuration, socio-economic factors, performance objectives etc., Each major classification type is discussed below:
(a)
Building Criteria Based on structural system and material used 

The categorisation is based on type of structural system, number of rooms, height of buildings, type of construction material, type of roofing system, age etc. Each parameter should be considered separately for defining typology. 

 (b)
Utility Based Categorisation 

The utility based categorisation includes occupancy rate, i.e. number of persons staying in single dwelling. The second parameter is “Use of Buildings” which focuses on utility or user type. Buildings can be used for residential, commercial, community purposes. This research studies consider residential buildings for economic assessment.


Figure 6.3: Data Analysis and Interpretation

(c)
Socio-Economic Factor

The buildings may be further categorised on the basis of Income group. Similar income group houses may be placed in single category. This further helps in identifying the paying capacity for retrofitting project. 

(d)
Performance Objectives

The buildings can also be grouped on the basis of performance objectives (FEMA 227-228, 1991). There are three categories based on options for type of rehabilitation viz. Life saving, Immediate safety and damage reduction. The cost of rehabilitation increases as it moves from life saving to damage reduction. Life saving indicates the optimal retrofitting measure, which covers safety of life. The immediate safety indicates life safety and upto certain extent safety of properties. The last one, damage reduction includes life safety plus minimum damage to the properties.
6.3.2
Construction Details of Each Typology Buildings 

The construction technique of major building categories is required to be studied in detail. Construction of vernacular buildings follows a tradition pattern which uses more of timber and less of brittle materials. The traditional construction of brick or mud buildings is usually constructed with precision. However, generally, with time, traditional construction deteriorates and seismic vulnerability increases. Study and sketches of various components of buildings should be worked out for better understanding. 

6.4 Seismic Risk Mitigation Strategies 
There are two ways by which disaster risk mitigation is addressed i.e. structural and non-structural mitigation measures. The details of these factors are discussed in chapter 4. It is necessary to evolve the criteria for proposing retrofitting measures. Figure 6.4 shows the process of developing the strategy for seismic mitigation.  
6.4.1
Criteria for Proposed Retrofitting Techniques 

For economic assessment of retrofitting techniques, criteria viz., willingness to pay for retrofitting, socio-economic status of household, type of construction, available construction skills, seismicity, building material, standard codes etc should be considered. The retrofitting technique can been developed based on standard codes, guidelines viz., 13935: 1993, 13920: 1993, 1893:2002, 13827: 1993, 13828:1993, FEMA 306,307, 308 etc., and existing manuals related to study areas viz., IAEE(1980), GOM(1998) etc. 


Figure 6.4: Seismic Risk Mitigation Strategy Formulation
6.5
Cost Estimation of Reconstruction and Mitigation Techniques

Cost estimation of reconstruction of buildings under consideration and seismic retrofitting are one of the most important steps for economic assessment of mitigation projects. The proposed methodology for cost estimation includes sampling process, development of algorithm for cost estimation for reconstruction and retrofitting of buildings, Identification of most critical parameters using all possible regression, setting up relationship for reconstruction and retrofitting using regression analysis, validation of developed regression relationship etc., The details of the process has been shown in figure 6.5. 
6.5.1
Study of Data 

The study of data is essential criteria for financial assessment of cost of reconstruction and retrofitting. The various aspects of construction, market rate of construction material and labour rates should be studied in advance. 
6.5.2
Sampling Techniques
For any analysis, it is not necessary to take all the data for assessment. Reason behind taking the representative data is to reduce the load on resources and consumption of less time. Sampling may be defined (Kothari et. al., 2004) as the selection of some part of an aggregate or totality on the basis of which a judgment or inference about the aggregate or totality is made. In other word, it is process of obtaining information about an entire population by examining only a part of it.

There are various methods of sampling that may be applied singly or along with others. The choice will be determined by the purpose for which sampling is sought and the nature of population. The various methods of sampling can be broadly being divided into random and non random sampling methods. 

In rural areas, mostly settlement comprises of A and mud and brick types of houses. Generally, these type of houses belong to low income groups and socially backward community in villages. The type of construction is more or less similar in built-up area, material of construction and construction techniques. Thus, cluster-sampling techniques may be adopted for the purpose. However depending upon field condition, the sampling techniques could be adopted. 


Figure 6.5: Financial Estimation of Reconstruction and Mitigation Strategies 
6.5.3
Estimation of Cost for Vernacular Buildings

There are number of methodologies available for estimation of cost for construction. Generally all urban-engineered buildings are valued for the reason of insurance, tax payment, purchase and sale. Such provision are usually absent in rural buildings. In proposed research methodology, long wall-short wall method ( Dutta., B. N., 1993) is used for estimation of vernacular building reconstruction cost. However, any other method can be applied for quantity and cost estimation. 
After estimation of quantity of material used for reconstruction, the manpower required for construction should be worked out. The unit cost of construction material may be derived from locally available directory or government manual. In present research, manpower cost is enunciated by government labour department. Apart from quantity of material and manpower, other accessories are also accounted towards cost of reconstruction. These accessories are taken as percentage of material and manpower cost. The algorithm and process of estimation for brick and mud buildings have been described in Appendix 6.4. 

The proposed research has applied this method for estimation of quantity of various construction material like wall, roof, columns, beams and reinforcement in case of brick buildings. The algorithm has been developed using standard equations which multiply various factors / items for quantity estimation. Manpower for construction may be categorised into Skills and unskilled types. The skilled manpower includes masons, carpenters or bar benders. The unskilled manpower includes labours and helpers. The construction material may vary from building types. 

6.5.4
Cost Projection of Construction for Vernacular Buildings 
The cost of reconstruction can be correlated with the built-up area. The correlation between building material and manpower cost versus area of construction (Square Meter) for building should be worked out using regression analysis. 

The regression analysis (Gujarati D. N. 2004) is a statistical method to deal with the formulation of mathematical model depicting relationship amongst variables which can be used for the purpose of prediction of the values of dependent variable, given the values of the independent variables which depends on actual parameters. Dependent variables are quantity of construction and associated cost. The independent variables are parameters existing in the field viz., area of house, length of walls, number of rooms etc. 
6.5.5
Application of Regression Technique for Projection

6.5.5.1
All Possible Regression (Gujarati D. N., 2003)
It is necessary to identify the optimal number of parameters contributing maximum towards the cost of construction. The validity of those parameters is required to be checked critically. In this regards, all possible regression technique may be adopted.  This algorithm fits all regressions involving one regressor, two regressors, three regressors, and so on. The selection criterion is recorded for each regression. Once the procedure finishes, the champion for each subset size is determined. This determines which subset size is optimum for the case. The All Possible Regressions solution is the target of the popular step-regression procedures. Although it takes longer to run, it guarantees the right answer. For each type of housing model, construction cost contributing parameters should be identified and further correlation has to be worked out. 

6.5.5..2
Multiple Regression (NCSS© 2001) 
Multiple Regression Analysis refers to a group of techniques for studying the straight-line Relationships among two or more variables. Multiple regression estimates the ßi’s in the equation:
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For regression analysis, NCSS 2001 software has been used. NCSS® 2001 has been developed by Dr. Jerry Hintze. The software package provides facility for database generation, Statistical routine testing and setting up relationship between various parameters. 
6.5.5.3
Checking for Suitability of Model

Once the regression output is displayed, one should tempt to go directly to the probability of the F-test from the regression analysis of variance table to see if significant result is achieved. However, it is very important to proceed through the output in an orderly fashion. NCSS-2001 ® explains the importance of various tests for validating the data set and estimates. The main conditions to check are related to linearity, normality, constant variance, independence, outliers, multi-collinearity, and predictability. 

Check 1. Linearity: Under the linearity, check are required for 
· Residual vs. Predicted Plot. A curving pattern here indicates nonlinearity.

· Residual vs. Predictor Plots. A curving pattern here indicates nonlinearity.

· Scatter Plots. For simple linear regression, a linear relationship between Y and X in a scatter plot indicates that the linearity assumption is appropriate. The same holds if the dependent variable is plotted against each independent variable in a scatter plot.

· If linearity does not exist, take the appropriate action, appropriate action might be to add power terms (such as Log(X), X squared, or X cubed) or to use an appropriate nonlinear model.

Check 2. Normality

· Normal Probability Plot: If all of the residuals fall within the confidence bands for the Normal Probability Plot, the normality assumption is likely met. One or two residuals outside the confidence bands may be an indicator of outliers, not non-normality.

· Normal Assumptions Section: The formal normal goodness of fit tests is given in the Normal Assumptions Section. If the decision is accepted for the Normality (Omnibus) test, there is no evidence that the residuals are not normal.

· If normality does not exist, appropriate action includes removing outliers and/or using the logarithm of the dependent variable.

Check 3. Non-constant Variance

· Residual vs. Predicted Plot: If the Residual vs. Predicted Plot shows a rectangular shape instead of an increasing or decreasing wedge or a bowtie, the variance is constant.

· Residual vs. Predictor Plots: If the Residual vs. Predictor Plots show a rectangular shape, instead of an increasing or decreasing wedge or a bowtie, the variance is constant.
· If non-constant variance does not exist, appropriate action includes taking the logarithm of the dependent variable or using weighted regression.

Check 4. Independence or Serial Correlation

· Serial-Correlations Section: If none of the serial correlations in the Serial- Correlations Section are greater than the critical value that is provided, independence may be assumed.

· Residual vs. Row Plot. A visualization of what the Serial-Correlations Section shows will be exhibited by adjacent residuals being similar (a roller coaster trend) or dissimilar (a quick oscillation).

· If independence does not exist, use a first difference model. More complicated choices require time series models.

Check 5. Outliers

· Regression Diagnostics Section: Any observations with an asterisk by the diagnostics, rstudent, hat diagonal, dffits, or the covratio, are potential outliers. Observations with a Cook’s D greater than 1.00 are also potentially influential. 

· Dfbetas Section: Any dfbetas beyond the cutoff of  ±2/√n indicate influential observation.
· Rstudent vs. Hat Diagonal Plot: This plot will flag an observation that may be jointly influential by both diagnostics.

· If outliers do exist in the model, go to robust regression and run one of the options there to confirm these outliers. 

Check 6. Multicollinearity

· Multicollinearity Section: If any variable has a variance inflation factor greater than 10, collinearity could be a problem.

· Eigen values of Centered Correlations Section: Condition numbers greater than 1000 indicate severe collinearity. Condition numbers between 100 and 1000 imply moderate to strong collinearity.

· Correlation Matrix Section: Strong pair wise correlation here may give some insight as to the variables causing the collinearity.

6.5.6
Cost of Retrofitting of Vernacular Buildings 

There are three options for deriving typical cost for seismic rehabilitation; which are already discussed in state-of-art-review.  The proposed methodology is based on data available and type of construction. The methodology is proposed which works out the manpower and material for retrofitting of buildings. 

The cost of retrofitting should be worked out based on sampled data. The sample, which is taken for reconstruction cost, may be considered for retrofitting cost estimation. Same should be considered for finding retrofitting cost as percentage of reconstruction cost. The manpower and material required for retrofitting should be worked out. The programme may be developed in spreadsheet or excel software to estimate the cost of manpower and material for the retrofitting of buildings. The case study format may be referred at Appendix 6.5, which gives equations developed in present research work which are applied for calculating quantity of material and manpower required for assessing the cost of retrofitting for similar buildings. 
The sampling techniques, all possible regression and multiple regression techniques may be utilized for projecting and generalized the retrofitting cost.

6.6
Damage Assessment for Vernacular Construction

The economic assessment of seismic mitigation project is based on precise damage and loss assessment. This model is very comprehensive which includes adoption of damage assessment techniques, categorisation of damages, Identify the parameters used for damage assessment, Damage assessment of identified buildings before and after  retrofitting, calculation of damage ratio, identification of parameters contributing for damage cost, establishing relationship among parameters using regression tools and validation of established relationship for damage assessment. The detail of the process is shown in Figure 6.6. 
6.6.1 Buildings Damage Cost Assessment before Retrofitting 
The damage may be estimated for various types of construction. For each earthquake intensity, the expected damage should be worked out. To repair those damages, the cost estimation of manpower and material should be carried out. The cost of resources for repair and retrofitting of those damaged buildings gives the quantitative idea about the damage in monetary terms.  The analysis should be applied to the set of sample data, which has already been taken for cost of construction and retrofitting. The total cost of damage is correlated with the built up area of houses. The projection of damage to balance building population should be done using Regression Analysis. The correlation between damage and built up area should be worked out for various types of buildings. 

The relationship between cost of damage and built up area generally follows linear relationship. As the intensity increases, the cost of damage increases. There are number of parameters which affect the damage criteria. Few of them are type of construction, age of buildings, material used, seismic intensity, maintenance, techno-legal enforcement and load transfer system.   

In case of mud buildings, as the intensity increases, the relationship between cost of damage and intensity follows second-degree equation. The constants are dependent on built up area and material replaced and manpower required to make it as it was before earthquake.  

Based on past experience and code provisions, the building performance during varying earthquake shaking can be analysed. The damage can be worked out as percentage of reconstruction cost. This has been illustrated in Chapter 7. 


Figure 6.6: Earthquake Damage Assessment w.r.t Earthquake Disaster Scenarios
6.6.2
General Mathematical Expression for Loss Estimation

The damage and losses are related. The damages are physical experience and the loss is reflected in monetary terms. Earthquake losses are expressed in a variety of ways. In general, the most revealing expressions are Ratios of monetary loss and buildings replacement. Almost any type of earthquake loss can be deduced from these expressions. These ratios (ATC-13) are defined as follows:

Damage Factor (DF) = 
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Mean Damage Factor  = 
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Where n is the number of structures in the sample

The Damage Factor (DF) should be worked out for sample building typologies. 
6.6.3
Estimation of Intangible Losses 

The earthquake damage produces several tangible and intangible losses like casualties, rental, relocation, personal properties etc. the following paragraph discussed expression and approaches for estimation of such losses. 
6.6.3.1
Casualty Estimation due to Earthquake 

There are various methods available for estimation of casualties. These models are developed for various countries. The methodology for estimation of life loss and injury is based on Lethality ratio developed by Coburn, Spence and Pomonis, 1992.

The model is developed on the basis of four major factors i.e., Population per building(M1), Occupancy at Time of Earthquake(M2)), Occupants Trapped by Collapse(M3) and Injury Distribution at Collapse (M4) and Number of houses(Noh)
M = Noh (M1*M2*M3*M4) 
(6.4)

(i)
Population per Building (M1) 

Population per building varies considerably from place to place. In residential buildings, population per building is equivalent to average family size living in each house. The questionnaire developed in appendix 6.1 provides details of M1. 
(ii)
Occupancy at the Time of Earthquake (M2)

The mortality rate depends upon the time of occurrence of an earthquake.  An earthquake occurring when most of the population is in house, kills more people in the building that collapse. Societies spending a maximum time outdoors, like agricultural economies, the time of day can have a considerable effect on earthquake mortality. The occupancy level depends upon Socio-economic condition and life style. The parameter should be worked out in the study area on the basis of collected data / information. 
(iii)
Occupants Trapped by Collapse( M3)

Although there is little detailed information or statistics to quantity it empirically, it is clear that not all the occupants that are inside a building when an earthquake occurs are trapped if collapse. People escape before collapse, or the collapse of the structure is not total or they are able to free themselves relatively easily by their own effects. The parameters changes from place to place, which should be worked out based on study area. 
(iv) 
Injury Distribution at Collapse (M4)

People caught in building collapse suffer a range of types of injury, including traumatic injures, fractures, crushing, contusions, or lacerations of soft tissue and bronchial or thoracic injuries from dust inhalation. The parameters for injury distribution should be worked out for the study area. 
6.6.3.2
Estimation of Rental Losses 


Earthquake leaves non-engineered buildings uninhabitable due to structural and non-structural damages. Due to its damage, the occupants have to be relocated unless until the houses has not been restored to its normal condition. The rental losses are estimated base on restoration time and rental costs.

Although rural residential buildings are having negligible rental values as in such areas people don’t migrate to other villages for their livelihood. The rental cost is a parameter, which shows the unseen value of relocation and difficulty faced by the occupants of damaged houses.  

The rental cost for buildings should be calculated on the basis of percentage of reconstruction cost. The rental charges should be worked out on per day basis. The calculation of rental charges may be done for sampled data and mean of the sampled rental charges will give the rental charge/ day for individual type of construction.

To assess the rental losses, it is necessary to calculate restoration time for earthquake retrofitting or repair. The restoration time is function of built-up area and number of manpower engaged for repair. The restoration time should be worked out for sampled data and regression analysis should be done for finding out the relationship between built-up area and number of days required for restoration. 

6.6.3.3 Relocation Losses

The relocation of households due to damage of buildings under considerations to other safe area may cost money, which is included in intangible losses. The relocation cost will be same as rental cost. So doubling the rental losses will be inclusive of rental and relocation cost. 

6.6.3.4 Personal Property Losses
An earthquake can have a major impact on the economy of a region. This may damage assets generated by the household. The quantity of assets is difficult to be estimated. It depends upon the socio-economic status, occupation, lifestyle, climate and other local factors. The personal property losses could be estimated used below given formula. The calculation of parameters may be referred, which is illustrated in chapter 7. 
Personal property Loss = (Cost of reconstruction) x Proportion of damage – 
(6.5)
6.6.4
Damage Assessment after Retrofitting 
The retrofitting interventions will reduce the extent of losses. The damages assessment after retrofitting is calculated by introducing the effectiveness factor. 
6.6.5
Damage Reduction due to Retrofitting 

For assessing the effectiveness of retrofitting, it is necessary to work out the damage reduction factor for buildings after retrofitting. Based on effectiveness, the reduction of other losses can be worked out. Building damages avoided are assumed to be the product of cost of replacement, times the expected mean damage function for building damages as a function of MSK of earthquakes, times the expected retrofitting effectiveness in reducing building damage. In present work, building damages avoided are thus defined as:
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Where Replacement cost is the reconstruction cost
MDF is mean damage factor for category of building for specific MSK earthquake intensity
ERE is expected retrofitting effectiveness for category of building for specific MSK earthquake intensity

The expected retrofitting effectiveness is the percentage reduction in mean damage function expected from the strengthening rehabilitation.

6.6.5.1
Reduction in Rental Loss 
Rental losses avoided are assumed to be the product of the restoration duration, times the rental rate per day, times the expected effectiveness of the retrofitting in reducing loss of function. Rental losses (FEMA-227/228) avoided are thus defined as:
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Where RLOSS is rental loss in terms of money per day and 
[image: image6.wmf]LOF

is loss of function in days by category of buildings for specific MSK earthquake intensity. In proposed research, the RLoss has been worked out based on analysis and set of sample housing units from field. Chapter 7 explains the method for calculation of loss of function. 
6.6.5.2  Reduction in Relocation loss 

Relocation expenses avoided are assumed to be the product of relocation duration, times relocation rent, times the expected effectiveness of the retrofitting in reducing loss of function. Relocation expenses (FEMA-227/228) avoided are thus defined as:
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Where 
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 is a relocation cost of category of buildings for specific MSK earthquake intensity. 

The proposed methodology follows the equation 6.8 for reduction in relocation loss. 
6.6.5.3
Reduction in Property Losses 
Personal property losses are assumed to be the product of the cost of replacement for various categories of houses, times the value of personal property (building contents ) as a percentage of building value, times the mean damage function, times the effectiveness of the retrofitting in reducing building damages. Personal property losses (FEMA-227/228) are thus defined as:
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Where, PP is personal property (building contents) as a percentage of building replacement value.

After calculation of various classes of damage and losses, the regression tools should be used to establish the relationship. The relationship should be validated using various statistical tools. This is followed by calculation of average effectiveness of the retrofitting interventions. 
In proposed research, the household​ percentage has been worked out based on analysis and set of sample housing units from field. Chapter 7 explains the method for calculation of various parameters for estimation of property loss. 
6.6.5.4 Average Effectiveness of Retrofit

Effectiveness of retrofit ((FEMA-227/228)) may be defined as the percentage reduction in expected damages in the strengthen facility compared to the expected damages in the unstrengthened facility. Like DPMs, the effectiveness of retrofit must be evaluated for each building category. These estimates are based on engineering experience and judgment, assuming that life safety is the principal objective of the retrofit. Effectiveness of retrofit will vary depending on the retrofitting techniques used, on the building standard codes, or safety level to which seismic retrofitting is carried out, and on the design, construction, and condition of the building before retrofitting.

6.7
Project Appraisal of Mitigation Measures 

Finally, project appraisal is proposed to be carried out using net present value model. The model includes calculation of benefits from retrofitting, identification of tools for financial assessment, Identification of financial parameters, calculation of net present value and checking its feasibility. If it is positive the project option is accepted. If the NPV is negative, the options are revised and benefits are calculated again. Figure 6.7 shows the process for Calculation of benefits / losses due to application of Mitigation strategies 
6.7.1
Interpretation of Net Present Value Model 

If the net present value of investment for retrofitting with certain planning year and rate of interest gives the positive value then it is assumed that the project investment will be feasible and will get benefit at particular years of implementation. In General, the result depends upon annual return of earthquake and rate of interest. 


Figure 6.7: Process for Project Appraisal

6.8
Conclusion

The chapter discusses the methodology and parameters involved in financial assessment of retrofitting of non-engineered buildings with special emphasis to earthquake prone area of developing countries. Though the model is derived from various well-established model from FEMA-227/228 and ATC but based on the requirements of developing countries, necessary changes are made. Chapter 3, 4 and 5 discusses various existing model which contributes for seismic mitigation project appraisal. Based on requirements, suitable models are identified. Their validity is critically evaluated in Indian context. Suitable modification is carried out. Based on improved parameters, the model is proposed. Chapter 7 applies the precise structure and procedure for assessing the feasibility of retrofitting measures on the basis of proposed methodology of this chapter for a particular area of Madhya Pradesh, India. 
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Identification of parameters most contributing to cost through “All Possible Regression”





Algorithm For Cost Estimation & Software Development





Construction Cost Estimation  





Statistical Sampling of Data for Analysis 





Study of Data





Effectiveness of Mitigation strategy





Validation of statistical damage models





“Multiple Regression Analysis” for setting up relationship of parameters and total cost of damages





Identification of parameters optimally contributing to cost through “All Possible Regression”





Calculation of Reduction Factor





Damage Assessment after Applying Mitigation Measures for Various Intensities and Timing





Categorisation of Damages and Developing their Assessment Techniques





Damage Assessment before Applying Mitigation Measures for Various Intensities and Timing





Identify and working out Parameters for Damage Assessment





Adopting Damage Assessment Techniques





Reject The Strategy / Reframe The Strategy





No





Accept the strategy





Yes





If


NPV >=0





Checking the feasibility of strategy





Calculate feasibility though “Net Present Value” for different time and seismic intensity scenario





Identify the financial parameters and study the suitability to the project





Identify of Suitable Tool for Financial Assessment





Calculate of Benefits from Implementing the Mitigation Plan





Structural Criteria





Material Type 





Other Criteria
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