CHAPTER 8

APPLICATION OF FINANCIAL ASSESSMENT MODEL AT REGIONAL LEVEL
8.0 Overview 

The chapter explains and illustrates the application of proposed methodology on macro level information. Primarily, the methodology has been developed on micro level information. The same methodology has been applied on large set of data and feasibility of mitigation measures has been worked out. The proposed methodology has been applied to 21 villages of Pandhana Tehsil and thereafter applied to all villages of Pandhana Tehsil. The chapter discusses the implication of application of methodology on larger area with minimum data. 

8.1
Application of Methodology on Sampled Data 

The methodology has been applied on set of housing data from 21 selected villages. The considered data is sample dataset, on which all multiple regression models have been developed. The analysis has been performed for brick and mud type of houses.  

8.1.1
Application of Model on Brick Houses 
Village:



Sample houses of 21 villages 

Tehsil:




Pandhana

District:



Khandwa

State:




Madhya Pradesh

Name of Owner: 


-

Type of house



Brick 

Number of house


196

(i) Actual Cost of Construction

The cost of reconstruction has been worked out using the regression model (equation 7.1) developed in chapter 7. 

Total Reconstruction Cost =
Rs.1,21,50,165.50

(ii)
Cost of Retrofitting (Equation 7.3)

Total Retrofitting Cost = Rs. 11,66,842.60
(iii)
Damage at Various Intensities before Retrofitting (Equation 7.5, 7.6, 7.7)
· Intensity VI


Building Loss VI = Rs. 21,47,510.20
· Intensity VII


Building Loss VII = Rs. 39,19,525.5
· Intensity VIII


Building Loss VIII = Rs. 62,82,549.9
(iv) 
Damage after Retrofitting (Equation 7.8, 7.9, 7.10)
· Intensity VI


Building Loss VI = Rs. 13,27,519.6    

· Intensity VII


Building Loss VII = Rs. 26,31,530
· Intensity VIII


Building Loss VIII  = Rs. 45,87,079.20
(v) 
Rental Losses Reduction due to Retrofitting 

Rental Loss Intensity = (Replacement Cost) x Percentage of Rental Cost x Functional loss in days x Coefficient of Effectiveness of retrofitting (
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)

(a)
Rental losses reduction VI  = 1,21,50,165.50 X 0.10 /360 X 893 ×  0.3648

     
Rs. 8,79,580.90

(b)
Rental losses reduction VII = 1,21,50,165.50 X 0.10 /360 X 1693 ×  0.3103

    
Rs. 14,18,431.30

 

(c)
Rental losses reduction VIII = 1,21,50,165.50 X 0.10 /360 X 2762 ×  0.2499

       
Rs. 18,63,629.90

(vi)
Relocation Loss Reduction 

(a) Relocation Loss VI = Rental Loss VI = Rs. 8,79,580.90
(b) Relocation Loss VII = Rental Loss VII = Rs. 14,18,431.30
(c) Relocation Loss VII = Rental Loss VIII = Rs. 18,63,629.90
(vii) 
Property Loss Reduction 

Coefficients for property loss estimation have been described in Chapter 7.  

(a) Property Loss reduction at Intensity VI

=
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= 1,10,45,605.00 X 0.25 X 0.3648

= Rs. 11,08,094.90
(b) Property Loss reduction at Intensity VII
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= 1,10,45,605.00 X 0.45 X 0.3103

= Rs. 16,96,588.3
(c)
Property Loss reduction at Intensity VIII

=
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= 1,10,45,605.00 X 0.75 X 0.2499

= Rs. 22,77,245.3
(viii)
Death and injury loss reduction for Brick buildings 

The casualty in terms of deaths and injuries has been calculated based on Lethality Ratio. 

(a)
Intensity VI

· M Red-Death-Day -VI = Noh (M1 × M2 × M3 × M4 x (Death Value)
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= 196 x 5.378 x 0.40 x nil x 0.10 x 50000 x 0.3648 = 0

· M Red-life threat -Day -VI = 0

· M Red-medium -Day -VI = 0

· M Red-minor-Day -VI = 0

(b)
Intensity VII

Day Time Casualties 

· M Red-Death-Day -VII  = Noh (M1 × M2 × M3 × M4 x (Death Value) × 
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= 196 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x 0.3103  

         
= Rs. 32732

· M Red-severe-Day –VII
= Noh (M1 × M2 × M3 × M4 x (Life threat) × 
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= 196 x 5.378 x 0.40 x 0.05 x 0.30 x 40000 x 0.3103  

         
= Rs. 78596

· M Red-medium-Day -VII
 = Noh (M1 × M2 × M3 × M4 x (Hospitalization) ×  
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= 196 x 5.378 x 0.40 x 0.05 x 0.40 x 25000 x 0.3103  

             
= Rs. 65464

· M Red-minor-Day -VII = Noh (M1 × M2 × M3 × M4 x (Minor) ×  
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= 196 x 5.378 x 0.40 x 0.05 x 0.20 x 15000x 0.3103  



= Rs. 19796

Night Time Casualties 

· M Red-Death-night -VII = Noh (M1 × M2 × M3 × M4 x (Death Value) × 
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= 196 x 5.378 x 0.95 x 0.05 x 0.10 x 50000 x 0.3103  

         
= Rs. 77616

· M Red-severe-night -VII = Noh (M1 × M2 × M3 × M4 x (Life threat)  × 
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= 196 x 5.378 x 0.95 x 0.05 x 0.30 x 40000 x 0.3103  

         
= Rs. 186592

· M Red-medium-night -VII  = Noh (M1 × M2 × M3 × M4 x (Hospitalization) ×  
[image: image15.wmf]ERE

 

     
 
= 196 x 5.378 x 0.95 x 0.05 x 0.40 x 25000 x 0.3103  

             
= Rs. 155428

· M Red-life minor-night-VII = Noh (M1 × M2 × M3 × M4 x (Minor)  ×  
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= 196 x 5.378 x 0.95 x 0.05 x 0.20 x 15000x 0.3103  



= Rs. 46648

Day Time Casualties
· M Red-Death-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value)  ×  
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= 196 x 5.378 x 0.40 x 0.30 x 0.10 x 50000 x 0.2499

      

= Rs. 158172

· M Red-severe-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat)  ×  
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= 196 x 5.378 x 0.40 x 0.30 x 0.30 x 40000 x 0.2499  




= Rs. 379456

· M Red-medium-Day –VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) ×  
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= 196 x 5.378 x 0.40 x 0.30x 0.40 x 25000 x 0.2499

             

= Rs. 316148

· M Red-minor-Day –VIII = Noh (M1 × M2 × M3 × M4 x (Minor)  × 
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= 196 x 5.378 x 0.40 x 0.30x 0.20 x 15000x 0.2499 

             


= Rs. 91864

Night Time Casualties 

· M Red-Death-night -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) × 
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= 196 x 5.378 x 0.95 x 0.30 x 0.10 x 50000 x 0.2499 



= Rs. 375536

· M Red-severe-night -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) × 
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= 196 x 5.378 x 0.95 x 0.30x 0.30 x 40000 x 0.2499 



= Rs. 901012

· M Red-medium-night -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization)  × 
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= 196 x 5.378 x 0.95 x 0.30 x 0.40 x 25000 x 0.2499 



= Rs. 750876

· M Red-minor-night-VIII = Noh (M1 × M2 × M3 × M4 x (Minor)  × 
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= 196 x 5.378 x 0.95 x 0.30 x 0.20 x 15000x 0.2499 




= Rs. 224224

Table 8.1: Reduction of Losses due to Retrofitting of Sampled Data of Brick Building 

	S. No
	Grade of casualties 
	Intensity VI(Rs.)
	Intensity VII(Rs.)
	Intensity VIII(Rs.)

	
	
	Day
	Night
	Day
	Night
	Day
	Night

	1
	Death 
	0
	0
	32732
	77616
	158172
	375536

	2
	Life threat
	0
	0
	78596
	186592
	379456
	901012

	3
	Hospitalization
	0
	0
	65464
	155428
	316148
	750876

	4
	Minor 
	0
	0
	19796
	46648
	94864
	224224

	Total loss reduction 
	0
	0
	1,96,588
	4,66,284
	9,48,640
	22,51,648


Table 8.1 gives the reduction of losses for retrofitting of brick buildings. Figure 8.1
(a-e) gives the profile of NPV with respect to changing planning period, discount rate and scenarios.   
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Figure 8.1(a): Net Present Value of Retrofitting for Sample Set of Brick Buildings 
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 Figure 8.1(b): Net Present Value of Retrofitting for Sample Set of Brick Buildings
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Figure 8.1(c): Net Present Value of Retrofitting for sample set of Brick Buildings
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Figure 8.1(d): Net Present Value of Retrofitting for sample set of Brick Buildings
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Figure 8.1(e): Net Present Value of Retrofitting for sample set of Brick Buildings
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Figure 8.2: Time required in months to realise the benefits for sample brick buildings
8.1.2
Calculation of Benefit / Cost Analysis for Mud Building

Similarly, the NPV has been calculated for mud buildings. The methodology has been applied to set of sample data on which regression analysis has been conducted. 

Village:


Sample of houses from 21 villages 

Tehsil:



Pandhana

District:


Khandwa

State:



Madhya Pradesh

Name of Owner: 

- 

Type of house


Mud 

Number of house

194 

(i)
Actual Reconstruction Cost (Equation 7.2)

= Rs. 48,45,243.00

(ii)
Cost of Retrofitting (Equation 7.4)

Total Actual Retrofitting Cost 


= Rs. 52,14,897

The Actual Total Retrofitting Cost has been considered for further analysis

(iii)
Damage at Various Intensities before Retrofitting (estimated damage cost has been taken for analysis)

· Intensity VI


Building Loss VI = Rs. 10,26,281.00

· Intensity VII


Building Loss VII = Rs. 13,16,092.00
· Intensity VIII


Building Loss VIII = Rs. 16,04,510.00
(iv)
Damage Reduction after Retrofitting 

· Intensity VI


Building Loss VI = Rs. 7,31,183.20.00
· Intensity VII


Building Loss VII = Rs. 10,45,469.00
· Intensity VIII


Building Loss VIII = Rs. 13,61,913.00

(v) 
Rental losses reduction due to retrofitting 

Rental Loss Intensity = (Replacement Cost) x Percentage of Rental Cost x Functional loss in days x Coefficient of Effectiveness of retrofitting

(a)
Rental losses VI  = 
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Rs. 656155.7

(b)
Rental losses VII = 
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Rs. 8,96,635.00

 

(c)
Rental losses VIII = 
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Rs. 11,38,936.00
(vi)
Relocation loss reduction 

(a) Relocation Loss VI = Rental Loss VI = Rs. 6,56,155.7
(b) Relocation Loss VII = Rental Loss VII = Rs. 8,96,635.00
(c) Relocation Loss VII = Rental Loss VIII = Rs. 11,38,936.00

(vii) 
Property Loss Reduction 

(a)
Property Loss reduction at Intensity VI


=
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= Rs. 4,33,932.00

(b)
Property Loss reduction at Intensity VII


=
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= Rs. 4,55,035.00

(c)
Property Loss reduction at Intensity VIII


=
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= Rs. 6,17,265.00

(viii)
Death and injury loss reduction for Brick buildings 

(a)
Intensity VI

· M Red-Death-Day -VI = Noh (M1 × M2 × M3 × M4 x (Death Value)  ×  
[image: image43.wmf]ERE


      
= 196 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x 0.282 = 0

· M Red-life threat -Day -VI = 0

· M Red-medium -Day -VI = 0

· M Red-minor-Day -VI = 0

(b) Intensity VII


Day Time Casualties 

· M Red-Death-Day -VII  = Noh (M1 × M2 × M3 × M4 x (Death Value)  ×  
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= 196 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x .207  



= Rs. 21952

· M Red-severe-Day -VII = Noh (M1 × M2 × M3 × M4 x (Life threat)  ×  
[image: image45.wmf]ERE


         
= 196 x 5.378 x 0.40 x 0.05 x 0.30 x 40000 x .207

         
= Rs. 52528

· M Red-medium-Day -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) ×
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= 196 x 5.378 x 0.40 x 0.05 x 0.40 x 25000 x .207

             
= Rs. 43708

· M Red-minor-Day -VII = Noh (M1 × M2 × M3 × M4 x (Minor)  ×  
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= 196 x 5.378 x 0.40 x 0.05 x 0.20 x 15000x .207 



= Rs. 13132

Night Time Casualties 

· M Red-Death-night -VII = Noh (M1 × M2 × M3 × M4 x (Death Value)  ×  
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= 196 x 5.378 x 0.95 x 0.05 x 0.10 x 50000 x .207  

         
= Rs. 51940

· M Red-severe-night -VII = Noh (M1 × M2 × M3 × M4 x (Life threat)  ×  
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= 196 x 5.378 x 0.95 x 0.05 x 0.30 x 40000 x .207  

         
= Rs. 124460

· M Red-medium-night -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization)  ×  
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= 196 x 5.378 x 0.95 x 0.05 x 0.40 x 25000 x .207  



= Rs. 103684

· M Red-life minor-night-VII = Noh (M1 × M2 × M3 × M4 x (Minor)  ×  
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= 196 x 5.378 x 0.95 x 0.05 x 0.20 x 15000x .207  

             
= Rs. 31164

Day Time Casualties
· M Red-Death-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value)  ×  
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= 196 x 5.378 x 0.40 x 0.30 x 0.10 x 50000 x 0.156

         
= Rs. 98784

· M Red-severe-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat)  ×  
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= 196x 5.378 x 0.40 x 0.30 x 0.30 x 40000 x 0.156  

         
= Rs. 236964

· M Red-medium-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization)  ×  
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= 196 x 5.378 x 0.40 x 0.30x 0.40 x 25000 x 0.156



= Rs. 197372

· M Red-minor-Day -VIII= Noh (M1 × M2 × M3 × M4 x (Minor)  ×  
[image: image55.wmf]ERE


      
= 196 x 5.378 x 0.40 x 0.30x 0.20 x 15000x 0.156 



= Rs. 59388

Night Time Casualties 

· M Red-Death-night -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value)  ×  
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= 196 x 5.378 x 0.95 x 0.30 x 0.10 x 50000 x 0.156 



= Rs. 234416

· M Red-severe-night -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat)  ×  
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= 196 x 5.378 x 0.95 x 0.30x 0.30 x 40000 x 0.156 



= Rs. 562520

· M Red-medium-night -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization)  ×  
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= 196 x 5.378 x 0.95 x 0.30 x 0.40 x 25000 x 0.156 



= Rs. 468832
· M Red-minor-night-VIII = Noh (M1 × M2 × M3 × M4 x (Minor)  ×  
[image: image59.wmf]ERE




= 196 x 5.378 x 0.95 x 0.30 x 0.20 x 15000x 0.156 



= Rs. 140728 

Table 8.2: Reduction of Losses due to Retrofitting of Sampled Data of 
Mud Building

	S. No
	Grade of casualties 
	Intensity VI(Rs.)
	Intensity VII(Rs.)
	Intensity VIII(Rs.)

	
	
	Day
	Night
	Day
	Night
	Day
	Night

	1
	Death 
	0
	0
	21952
	51940
	98784
	234416

	2
	Life threat
	0
	0
	52528
	124460
	236964
	562520

	3
	Hospitalization
	0
	0
	43708
	103684
	197372
	468832

	4
	Minor 
	0
	0
	13132
	31164
	59388
	140728

	Total loss reduction 
	0
	0
	131320
	311248
	592508
	1406496


Figure 8.3(a-e) gives the profile of NPV with respect to changing planning period, discount rate and scenarios.  Table 8.2 provides the summary of reduction of losses from retrofitting of sample data of mud buildings. 
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Figure 8. 3(a) Net Present Value of Retrofitting for Sample Set of Mud Buildings
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Figure 8. 3(b)
Net Present Value of Retrofitting for Sample Set of Mud Buildings
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Figure 8.3(c) Net Present Value of Retrofitting for Sample Set of Mud Buildings
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Figure 8. 3(d) Net Present Value of Retrofitting for Sample Set of Mud Buildings
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Figure 8. 3(e) Net Present Value of Retrofitting for Sample Set of Mud Buildings
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Figure 8.4: Time Required in Years to Realize the Benefits for Sample Mud Buildings
8.1.3
Discussion of Results and Conclusion for set of brick and mud buildings

The results obtained from NPV analysis for sample set of brick and mud buildings are critically analysed for various situations. Based on results described in Figure 8.1(a-e) and Figure 8.3(a-e); Table 8.3 has been drawn, which gives fair understanding about the characteristics of the NPV analysis. The feasibility of retrofitting for mud and brick buildings has been worked out and found that the accrued benefits are dependent on planning period, discount rate and annual frequency of earthquake intensities.  The characteristics of net present value with respect to period for benefit realization, discount rate and damage scenario for sample set of brick  and Mud building has been shown in the form of 3D graph at Figure 8.2 and 8.4 respectively.

In sample buildings, following two most relevant situations have been studied in detail as these will be highly important for policy planners and project managers. 

(i) Period of benefit realization 

(ii) Effect of temporal changes on return 

(i)
Assessing the period for profit realization at various scenarios 

For checking the effectiveness of rate of discount and planning period, it is necessary to check the span of investment returns, which may be treated as benefits. The table 8.3 provides the information about time required in months to realize the benefits from executing the retrofitting projects for sample brick and mud building. 

(a) 
Brick building 

Following are the observations:

· For scenario VIDN, period of benefit realization vary between 19.26 to 23 months. Increase is mild after a discount rate of 4%. At scenario VIID, upto 5% discount rate, same trend has been observed. Therefore one can say that profit realization is almost independent of discount rate. 

· At VIID, scenario a sudden drop of 7 month is noticed in period of profit realization which indicates faster recovery of investment. The profit realization time is almost independent of discount rate. 

· At most critical scenario VIIIN, the benefit is realized much faster than other scenarios within 5 months. It has been observed that there is no much deviation in period of benefit realization, irrespective of discount rate, as period lies between 5-6.65 months.  

· The benefit realization is faster at night scenarios. In case of VII scenario, there is a reduction of span for profit realization by 35 %. Similarly for VIIIN, it is 50 % of period of benefit realization with respect to scenario VIIID.

(b) Mud Buildings

· For Mud building, the period of benefit realization at scenario VIDN, is within the planning period. This trend is followed till discount rate of 5 %. The same trend has been observed for scenario VIID and VII N. Beyond 5 % discount rate, for these scenarios VIDN and VIID, the period of benefit realization falls beyond planning period. This shows that higher discount rates are not feasible for retrofitting of mud building. 

· However as the scenario scales up, it is found that varying the scale to higher side, the period of profit realization falls within designed planning period. At Scenario VIII(D) and VIII(N), this hold valid. However period of realization of benefits about 8-10 years upto a discount rate of 7.5%. 

· At scenario VIIIN, the benefits are realized at very early stage. If varying the discount rate from 2.5 % to 10 %, there is no much fluctuation in period for profit realization is from 2 years to 3.5 years. 

Table 8.3 Comparison of Period (Months) of Benefit Realization for Sample Brick and Mud Buildings
	Scenario
	Discount Rate

	
	2.50%
	3%
	4%
	5%
	7.50%
	10%

	
	Brick 
Building
	Mud  
Building
	Brick 
Building
	Mud  
Building
	Brick 
Building
	Mud  
Building
	Brick 
Building
	Mud  
Building
	Brick 
Building
	Mud  
Building
	Brick 
Building
	Mud  
Building

	VIDN
	19.26
	210
	19.45
	216
	19.84
	252
	21.37
	312
	21.48
	720
	22.94
	1536

	VIID
	20.14
	228
	19.89
	240
	20.35
	300
	20.85
	360
	22.25
	720
	23.89
	1320

	VIIN
	13.88
	136
	13.92
	138
	14.15
	198
	14.39
	216
	15.09
	360
	15.92
	720

	VIIID
	10.75
	96
	10.82
	99
	10.98
	108
	11.15
	114
	11.64
	126
	12.22
	162

	VIIIN
	5.37
	24
	5.45
	27
	5.6
	33.12
	5.76
	34.68
	6.19
	39
	6.65
	43.2


Comparison of Results for NPV Calculation for Sample Set of Brick and Mud Buildings 

· The returns of benefits are faster in brick buildings. Mud buildings are showing poor benefit returns. However as the damage scenario becomes critical (VIIIN), it is observed that irrespective of type of buildings, the period of benefit returns reduces to initial stage of period of project. 

· The temporal change in scenario also changes the benefits very fast. The scenario at night time shortens the span for benefit realization more in mud buildings by reducing the period of realization to 25%- 30% of day time while in brick building, it reduced to about 50 % of day time.   

8.2
Application of Methodology on Large Geographical Area

In previous sections, the methodology has been applied to sampled data for which all information and facts were available. Regression relationships are applied to get the result. However, in real life it is not possible to collect such voluminous information for larger geographical area because of:

· Large infrastructure is required for collecting information

· More time required

· Large Manpower to collect the information

· Big Budget required for survey logistics

The best alternative is to develop certain alternative for assessing the financial feasibility of retrofitting of non-engineered buildings for larger geographical area with considerable number of housing dataset. In this section, the approach is to apply the model for larger areas with lesser available information.

8.2.1
Application of Proposed Model on 21 Most Affected Villages of Pandhana Tehsil of Khandwa District 

It has been discussed that the data was collected for 21 most affected villages of Pandhana tehsil of Khandwa district. The regression analysis has its own limitation. It works within the upper and lower range of parameters. If it is applied beyond range, it leads to erroneous result.  

If houses of 21 villages are considered for regression analysis, it will show unreliable result, which is far away from actual result. This is because, the estimate which regression analysis will provide, will only suiting to the built up ranges from 25 to 1250 sq mt. For larger number of houses, the summation of built up area will certainly exceed far from the given range. Beyond the limit of regression relationship, the relationships between various parameters are not known. Therefore, some other relationship may be used. The relational method can be applied to estimate the necessary parameters keeping other parameters constant.
8.2.2 Application of Model on Brick Building  

The built-up area of total number of houses is calculated and relational method has been applied. The cost of reconstruction and retrofitting for set of sample data with respect to built up area is known. The other parameters are worked out based on this information. 

Village:



Houses of 21 villages 

Tehsil:




Pandhana

District:



Khandwa

State:




Madhya Pradesh

Name of Owner: 


-

Type of house



Brick 

Number of house


1446

(i) 
Cost of Reconstruction 


Since 9258.61 sq m of brick reconstruction costs Rs. 1,21,50,165.00. The built-up areas for brick houses in 21 villages are 73354.6 sq m brings out total cost to Rs. 9,62,63,963.00

(ii)
Cost of Retrofitting 
Similar method has been adopted for calculating retrofitting cost. The total cost worked out to be Rs. 92,44,727.00
(iii)
Damage at Various Intensities before Retrofitting 

The damage cost has been calculated in the same manner. The damage cost comes out to be 

· Intensity VI = Rs. 1,70,08,280.78
· Intensity VII = Rs. 3,10,42,642.00
· Intensity VIII = Rs. 4,97,57,796.00

(iv)
Damage Reduction after Retrofitting 

· Intensity VI = Rs. 1,05,13,955.00
· Intensity VII = Rs. 2,08,41,718.00

· Intensity VIII = Rs. 3,63,29,668.00
(v) 
Rental Losses Reduction due to Retrofitting 

· Rental losses reduction VI  = Rs. 69,66,282
· Rental losses reduction VII = Rs. 1,12,33,973
· Rental losses reduction  VIII = Rs. 1,47,59,942
(vi)
Property Loss Reduction 

· Property Loss reduction at Intensity VI= Rs. 32,01,526.00

· Property Loss reduction at Intensity VII= Rs. 41,69,495.00

· Property Loss reduction at Intensity VIII= Rs. 45,07,142.00

(vii) 
Relocation loss reduction

· Relocation losses reduction VI  = Rs. 69,66,282
· Relocation losses reduction VII = Rs. 1,12,33,973
· Relocation losses reduction VIII = Rs. 1,47,59,942
(viii)
Death and injury loss reduction for Brick buildings 

(a)
Intensity VI

· M Red-Death-Day -VI = Noh (M1 × M2 × M3 × M4  ×  (Death Value)
[image: image66.wmf]ERE


      
= 1343 x 5.378 x 0.40 x nil x 0.10 x 50000 x 0.3648 = 0

· M Red-life threat -Day -VI = 0

· M Red-medium -Day -VI = 0

· M Red-minor-Day -VI = 0

(b)
Intensity VII


Day Time Casualties 

· M Red-Death-Day -VII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
[image: image67.wmf]ERE


      
= 1343 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x 0.3103  

         
= Rs. 224281

· M Red-severe-Day -VII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
[image: image68.wmf]ERE


         
= 1343 x 5.378 x 0.40 x 0.05 x 0.30 x 40000 x 0.3103  

         
= Rs. 538543

· M Red-medium-Day -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
[image: image69.wmf]ERE


      
= 1343 x 5.378 x 0.40 x 0.05 x 0.40 x 25000 x 0.3103  



= Rs. 448562

· M Red-minor-Day -VII = Noh (M1 × M2 × M3 × M4 x (Minor) 
[image: image70.wmf]ERE


      
= 1343 x 5.378 x 0.40 x 0.05 x 0.20 x 15000x 0.3103  

      
= Rs. 135643

Night Time Casualties 

· M Red-Death-night -VII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
[image: image71.wmf]ERE




= 1343 x 5.378 x 0.95 x 0.05 x 0.10 x 50000 x 0.3103  



= Rs. 531828

· M Red-severe-night -VII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
[image: image72.wmf]ERE




= 1343 x 5.378 x 0.95 x 0.05 x 0.30 x 40000 x 0.3103  



= Rs. 1278536

· M Red-medium-night -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
[image: image73.wmf]ERE




= 1343 x 5.378 x 0.95 x 0.05 x 0.40 x 25000 x 0.3103  



= Rs. 1064999

· M Red-life minor-night-VII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 1343 x 5.378 x 0.95 x 0.05 x 0.20 x 15000x 0.3103  



= Rs. 319634

Day Time Casualties
· M Red-Death-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
[image: image75.wmf]ERE




= 1343 x 5.378 x 0.40 x 0.30 x 0.10 x 50000 x 0.2499



= Rs. 1083801

· M Red-severe-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
[image: image76.wmf]ERE




= 1343 x 5.378 x 0.40 x 0.30 x 0.30 x 40000 x 0.2499  



= Rs. 2600048

· M Red-medium-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
[image: image77.wmf]ERE




= 1343 x 5.378 x 0.40 x 0.30x 0.40 x 25000 x 0.2499



= Rs. 2166259

· M Red-minor-Day -VIII= Noh (M1 × M2 × M3 × M4 x (Minor) 
[image: image78.wmf]ERE




= 1343 x 5.378 x 0.40 x 0.30x 0.20 x 15000x 0.2499 



= Rs. 650012

Night Time Casualties 

· M Red-Death-night -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
[image: image79.wmf]ERE


      

= 1343 x 5.378 x 0.95 x 0.30 x 0.10 x 50000 x 0.2499 

      

= Rs. 2573188

· M Red-severe-night -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
[image: image80.wmf]ERE


      

= 1343 x 5.378 x 0.95 x 0.30x 0.30 x 40000 x 0.2499 

         
= Rs. 6173771

· M Red-medium-night -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
[image: image81.wmf]ERE




= 1343 x 5.378 x 0.95 x 0.30 x 0.40 x 25000 x 0.2499 



= Rs. 5145033

· M Red-minor-night-VIII = Noh (M1 × M2 × M3 × M4 x (Minor) 
[image: image82.wmf]ERE




= 1343 x 5.378 x 0.95 x 0.30 x 0.20 x 15000x 0.2499 



= Rs. 1536392
Table 8.4: Reductions of Losses due to Retrofitting of Brick Buildings of 
21 Villages 

	S. No
	Grade of casualties 
	Intensity VI
	Intensity VII
	Intensity VIII

	
	
	Day
	Night
	Day
	Night
	Day
	Night

	1
	Death 
	0
	0
	224281
	531828
	1083801
	2573188

	2
	Life threat
	0
	0
	538543
	1278536
	2600048
	6173771

	3
	Hospitalization
	0
	0
	448562
	1064999
	2166259
	5145033

	4
	Minor 
	0
	0
	135643
	319634
	650012
	1536392

	Total loss reduction 
	0
	0 
	13,47,029 
	31,94,997
	65,00,120
	1,54,28,384


Table 8.4 provides the summary of reduction of losses from retrofitting of brick buildings from 21 villages of Pandhana tehsil. Figure 8.5(a-e) gives the profile of NPV with respect to changing planning period, discount rate and scenarios. 
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Figure 8. 5(a): Net Present Value of Retrofitting for Brick Houses of 21 Villages 
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Figure 8. 5(b) Net Present Value of Retrofitting of Brick Houses of 21 Villages
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Figure 8. 5(c) Net Present Value of Retrofitting for Brick Houses of 21 Villages
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Figure 8. 5(d) Net Present Value of Retrofitting for Brick Houses of 21 Villages
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Figure 8. 5(e) Net Present Value of Retrofitting for Brick Houses of 21 Villages
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Figure 8.6: Time Required in Months to Realise the Benefits for 21 Villages Brick Buildings

8.2.3
Application of Model on Mud Building  

The builtup area of total number of houses is calculated and relational method has been adopted. The cost of reconstruction and retrofitting for set of sample data with respect to built up area is known. The other parameters are worked out based on this information. 

Village:



21 Villages

Tehsil:




Pandhana

District:



Khandwa

State:




Madhya Pradesh

Name of Owner: 


-

Type of house



Mud

Number of house


3112 

(i)        Cost of Reconstruction

Since total built up area for sampled houses area are 7710.749 sq mt. The corresponding reconstruction cost is Rs. 48,45,243.00. The relationship can be worked out for summation of builtup area of total brick houses in 21 villages. The builtup area of all mud houses of 21 villages are 1,20,546 sqmt. The total amount comes out to be Rs. 7,57,45,684.00.
(ii)
Cost of Retrofitting 
Similar method has been adopted for calculating retrofitting cost Rs 6,11,78,089.00.
(iii)
Damage at Various Intensities before Retrofitting 

· Intensity VI
Rs. 2,07,55,848.00

· Intensity VII
Rs. 2,73,43,384.00

· Intensity VIII
Rs. 3,39,11,048.00

(iv)
Damage Reduction after Retrofitting 

· Intensity VI
Rs. 1,03,90,337.00

· Intensity VII
Rs. 1,48,56,969.00

· Intensity VIII
Rs. 1,93,54,305.00

(v) 
Rental Losses Reduction due to Retrofitting 

· Rental losses Reduction VI  = Rs. 55,81,160.00

· Rental losses Reduction VII = Rs. 56,47,571.00

· Rental losses Reduction VIII = Rs. 54,30,078.00

(vi)
Relocation Loss Reduction 

· Relocation losses Reduction VI  = 
Rs. 55,81,160.00

· Relocation losses Reduction VII = 
Rs. 56,47,571.00

· Relocation losses Reduction VIII = Rs. 54,30,078.00
(vii) 
Property Loss Reduction 

· Property Loss reduction at Intensity VI =
Rs. 67,83,876.00

· Property Loss reduction at Intensity VII = Rs. 71,13,790.00

· Property Loss reduction at Intensity VIII
= Rs. 96,50,013.00

(viii)
Death and injury loss reduction for Brick buildings 

(a)
Intensity VI

· M Red-Death-Day -VI = Noh (M1 × M2 × M3 × M4 x (Death Value)
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= 3112 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x 0.282 = 0

· M Red-life threat -Day -VI = 0

· M Red-medium -Day -VI = 0

· M Red-minor-Day -VI = 0

(b)
Intensity VII 

Day Time Casualties 

· M Red-Death-Day -VII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 3112 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x .207  

         
= Rs. 348544
· M Red-severe-Day -VII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 3112 x 5.378 x 0.40 x 0.05 x 0.30 x 40000 x .207

         
= Rs. 834016

· M Red-medium-Day -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 3112 x 5.378 x 0.40 x 0.05 x 0.40 x 25000 x .207



= Rs. 693976
· M Red-minor-Day -VII = Noh (M1 × M2 × M3 × M4 x (Minor) 
[image: image93.wmf]ERE


      
= 3112 x 5.378 x 0.40 x 0.05 x 0.20 x 15000x .207 



= Rs. 208504
Night Time Casualties 

· M Red-Death-night -VII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 3112 x 5.378 x 0.95 x 0.05 x 0.10 x 50000 x .207  



= Rs. 824680
· M Red-severe-night -VII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 3112 x 5.378 x 0.95 x 0.05 x 0.30 x 40000 x .207  



= Rs. 1976120
· M Red-medium-night -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 3112 x 5.378 x 0.95 x 0.05 x 0.40 x 25000 x .207  



= Rs. 1646248
· M Red-life minor-night-VII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 3112 x 5.378 x 0.95 x 0.05 x 0.20 x 15000x .207  



= Rs. 494808
Day Time Casualties
· M Red-Death-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 3112 x 5.378 x 0.40 x 0.30 x 0.10 x 50000 x 0.156



= Rs. 1568448
· M Red-severe-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 3112 x 5.378 x 0.40 x 0.30 x 0.30 x 40000 x 0.156  

         
= Rs. 3762408
· M Red-medium-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
[image: image100.wmf]ERE


      
= 3112 x 5.378 x 0.40 x 0.30x 0.40 x 25000 x 0.156



= Rs. 3133784

· M Red-minor-Day –VIII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 3112 x 5.378 x 0.40 x 0.30x 0.20 x 15000x 0.156 



= Rs. 942936
Night Time Casualties 

· M Red-Death-night -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 3112 x 5.378 x 0.95 x 0.30 x 0.10 x 50000 x 0.156 



= Rs. 3721952
· M Red-severe-night -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 3112 x 5.378 x 0.95 x 0.30x 0.30 x 40000 x 0.156 

         
= Rs. 8931440
· M Red-medium-night -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
[image: image104.wmf]ERE


      
= 3112 x 5.378 x 0.95 x 0.30 x 0.40 x 25000 x 0.156 



= Rs. 7443904
· M Red-minor-night-VIII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 3112 x 5.378 x 0.95 x 0.30 x 0.20 x 15000x 0.156 



= Rs. 717.31
[image: image106.wmf]@

 Rs. 2234416
Table 8. 5 Reductions of Losses due to Retrofitting of Mud Building of 
21 Villages

	S. No
	Grade of casualties 
	Intensity VI
	Intensity VII
	Intensity VIII

	
	
	Day
	Night
	Day
	Night
	Day
	Night

	1
	Death 
	0
	0
	348544
	
824680
	1568448
	3721952

	2
	Life threat
	0
	0
	834016
	1976120
	3762408
	8931440

	3
	Hospitalization
	0
	0
	693976
	1646248
	3133784
	7443904

	4
	Minor 
	0
	0
	208504
	494808
	942936
	2234416

	Total loss reduction 
	0
	0
	2085040
	4941856
	9407576
	22331712


Figure 8.7(a-e) gives the profile of NPV with respect to changing planning period, discount rate and scenarios. Table 8.5 provides the summary of reduction of losses from retrofitting of mud buildings from 21 villages. 
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Figure 8.7(a): Net Present Value of Retrofitting for Mud Houses of 21 Villages
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Figure 8.7(b): Net Present Value of Retrofitting for Mud Houses of 21 Villages 
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Figure 8.7(c): Net Present Value of Retrofitting for Mud Houses of 21 Villages 
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Figure 8.7(d): Net Present Value of Retrofitting for Mud Houses of 21 Villages 
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Figure 8.7(e): Net Present Value of Retrofitting for Mud Houses of 21 Villages
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Figure 8.8: Time Required in Years to Realize the Benefits for 21 Villages Mud Buildings
8.2.4
Discussion of results and conclusion for sample brick and mud buildings for 21 villages

The clear profile of benefit of returns from retrofitting project is given in Figure 8.5(a-e) and Figure 8.7(a-e). The analysis has been carried out for finding the sensitivity of investments with respect to discount rate, planning period and damage scenarios. In 21 villages buildings, last two situations i.e. period for benefit realization and effect of temporal changes have been analysed for set of brick and mud buildings of 21 villages similar to set of building. Table 8.6 shows the comparison of period of profit realization for brick and mud buildings. 
The characteristics of net present value with respect to period for benefit realization, discount rate and damage scenario for brick and mud building of 21 villages has been shown in the form of 3D graph at Figure 8.6 and 8.8.

(i)
Assessing the period for profit realization at various scenarios 

For checking the effectiveness of rate of discount and planning period, it is necessary to check the span of investment returns, which may be treated as benefits. The table  8.5 provides the information about time required in months to realize the benefits from executing the retrofitting projects for 21 villages brick and mud buildings. 

(a)
Brick Buildings

The analysis has been carried out to find out the sensitivity of investments with respect to discount rate, planning period and damage scenarios.

· Period for profit realization at scenario VIDN is constant for initial period till discount rate of 4%. However as the discount rate increases, there is slight increase in period for profit realization. At other scenarios also the project realization is almost same with change of change of rate of discount. 

· At all interest rates, the period of project realization becomes leser as the damage severity increases.  

· It is observed that as the scenario changes from day to night, there is a sharp decline in period for profit realization. In case of scenario VII, the period of profit realization declines by 20 %. However for scenario VIII there is about 40 % decline in period for profit realization, when scenario is changed from day to night. 

(b) Mud Building 

The significance and outcome of the results is discussed in the following section. 

· The mud buildings are showing positive response from beginning of project execution. As the discount rate increases, the period for benefit realization increases. however at high rate of discount, the period for profit realization crosses the planning period. 

· As the criticality of scenario increases, the period of benefit realization decreases. At scenario VII, up to 5 % discount rate, there is a consistency in period of profit realization. As the discount rate increases, the period for profit realization is constant. 

Comparison 

· The  period of benefit realization is showing a definite trend for a set of buildings of 21 illages. However, it is inconsistant in mud construction at VII D scenario, but later it follows the trend of reduction with severity. 

· Brick buildings are giving return within the planning period. At higher discount rate, for mud building, period of benefit realization is beyond planning period. This makes the strategy infeasible. The recommended strategy may be to reduce the discount rate or the change strategy of project implementation. 

· Brick buildings are returning the investment faster than mud buildings. 

Table 8.6: Comparison of Period (Months) of Benefit Realization for Brick and Mud Buildings from 
21 Villages of Pandhana Tehsil, Khandwa
	Scenario
	Discount Rate

	
	2.50%
	3%
	4%
	5%
	7.50%
	10%

	
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building

	VIDN
	26.6
	144
	26.9
	156
	27.6
	168
	33.5
	198
	30.42
	300
	32.96
	660

	VIID
	14
	172.1
	13.8
	174.4
	14.1
	186.7
	14.3
	210
	15.13
	372
	16.06
	720

	VIIN
	11.1
	102
	11
	106.8
	11.2
	109.2
	11.4
	114
	12.04
	132
	12.76
	180

	VIIID
	6.95
	72
	7
	78
	7.11
	84
	7.23
	91.2
	7.56
	94.8
	7.94
	102

	VIIIN
	4.29
	6.84
	4.33
	8.4
	4.43
	11.76
	4.53
	17.4
	4.79
	26.76
	5.08
	30.72


8.3
Application of Methodology on Tehsil Level Information

The methodology has been applied to Tehsil level information. In broader sense, the distribution of housing type and characteristics are same in tehsil and district level. So the model can be applied to tehsil and district level. Since it is not possible to collect information for such larger area where more than 80 villages exist in the tehsil and more than 300 villages in the district. For correct assessment, it is necessary to collect information from secondary sources. For the same, Census data 2001 has been used. The methodology is described in following sections:

8.3.1 Application of Methodology on Brick Buildings based on Tehsil Level Information

It is not possible to collect voluminous information on tehsil level having more than 80 villages. The feasibility has been calculated based on data projection method. For the same, Census information has been used. Mainly the correlation has been established based on Population and housing units of census 2001. 

(i)
Calculation of Built-up Area

Cost of Replacement 


Rs. 43,68,45,864.00
Cost of Retrofitting 


Rs. 4,19,52,571.00
(ii)
Damage before Retrofitting

· Damage cost before retrofitting at Intensity VI = Rs. 7,71,83,579

· Damage cost before retrofitting at Intensity VII = Rs. 14,08,71,509

· Damage cost before retrofitting at Intensity VIII = Rs. 22,58,00,878

(iii)
Damage after Retrofitting 

· Damage cost after retrofitting at Intensity VI = Rs. 4,77,12,328.00
· Damage cost after retrofitting at Intensity VII = Rs. 9,45,79,716.00
· Damage cost after retrofitting at Intensity VIII = Rs. 16,48,64,033.00
(iv)
Rental Losses Reduction due to Retrofitting 

· Rental losses VI  = Rs. 3,16,12,988.00
· Rental losses VII = Rs. 5,09,79,769.00
· Rental losses VIII = Rs. 6,69,80,617.00
(v)
Relocation Loss Reduction 

· Relocation losses VI  = Rs. 3,16,12,988.00

· Relocation losses VII = Rs. 5,09,79,769.00

· Relocation losses VIII = Rs. 6,69,80,617.00

(vi) 
Property Loss Reduction 

· Property Loss reduction at Intensity VI = Rs. 1,45,28,525.00
· Property Loss reduction at Intensity VII =  Rs. 1,89,21,168.00
· Property Loss reduction at Intensity VIII = Rs. 2,04,53,410.00
(viii)
Death and injury loss reduction for Brick buildings 

(a)
Intensity VI

· M Red-Death-Day -VI = Noh (M1 × M2 × M3 × M4 x (Death Value)
[image: image113.wmf]ERE




= 6563 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x 0.282 = 0

· M Red-life threat -Day -VI = 0

· M Red-medium -Day -VI = 0

· M Red-minor-Day -VI = 0

(b)
Intensity VII

Day Time Casualties 

· M Red-Death-Day -VII = Noh (M1 × M2 × M3 × M4 x (Death Value)
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= 6563 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x .207  



= Rs. 7,30,623
· M Red-severe-Day -VII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 6563 x 5.378 x 0.40 x 0.05 x 0.30 x 40000 x .207



= Rs. 17,53,496

· M Red-medium-Day -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 6563 x 5.378 x 0.40 x 0.05 x 0.40 x 25000 x .207



= Rs. 14,61,246
· M Red-minor-Day -VII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 6563 x 5.378 x 0.40 x 0.05 x 0.20 x 15000x .207 



= Rs. 4,38,374

Night Time Casualties 

· M Red-Death-night -VII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 6563x 5.378 x 0.95 x 0.05 x 0.10 x 50000 x .207  

         
= Rs. 17,35,230
· M Red-severe-night -VII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 6563x 5.378 x 0.95 x 0.05 x 0.30 x 40000 x .207  



= Rs. 41,64,553
· M Red-medium-night -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 6563 x 5.378 x 0.95 x 0.05 x 0.40 x 25000 x .207  



= Rs. 34,70,461
· M Red-life minor-night-VII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 6563 x 5.378 x 0.95 x 0.05 x 0.20 x 15000x .207  



= Rs. 10,41,138
Day Time Casualties
· M Red-Death-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 6563 x 5.378 x 0.40 x 0.30 x 0.10 x 50000 x 0.156

         
= Rs. 33,03,688
· M Red-severe-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 6563 x 5.378 x 0.40 x 0.30 x 0.30 x 40000 x 0.156  



= Rs. 12705968
· M Red-medium-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 6563 x 5.378 x 0.40 x 0.30x 0.40 x 25000 x 0.156



= Rs. 66,07,376

· M Red-minor-Day -VIII= Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 6563 x 5.378 x 0.40 x 0.30x 0.20 x 15000x 0.156 



= Rs. 19,82,213
Night Time Casualties 

· M Red-Death-night -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 6563 x 5.378 x 0.95 x 0.30 x 0.10 x 50000 x 0.156 



= Rs. 78,46,259
· M Red-severe-night -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 6563 x 5.378 x 0.95 x 0.30x 0.30 x 40000 x 0.156 



= Rs. 1,88,31,023
· M Red-medium-night -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 6563 x 5.378 x 0.95 x 0.30 x 0.40 x 25000 x 0.156 



= Rs. 1,56,92,519
· M Red-minor-night-VIII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 6563 x 5.378 x 0.95 x 0.30 x 0.20 x 15000x 0.156 



= Rs. 47,07,756
Table 8.7: Reduction of Losses due to Retrofitting of Brick Buildings of Pandhana Tehsil

	S. No
	Grade of casualties 
	Intensity VI
	Intensity VII
	Intensity VIII

	
	
	Day
	Night
	Day
	Night
	Day
	Night

	1
	Death 
	0
	0
	730623
	1735230
	3303688
	7846259

	2
	Life threat
	0
	0
	1753496
	4164553
	12705968
	18831023

	3
	Hospitalization
	0
	0
	1461246
	3470461
	6607376
	15692519

	4
	Minor 
	0
	0
	438374
	141138
	1982213
	4707756

	Total loss reduction 
	0
	0
	4383739
	9511382
	24599245
	47077557


Table 8.7 gives the reduction of losses for retrofitting of brick buildings from Pandhana tehsil. Figure 8.9(a-e) gives the profile of NPV with respect to changing planning period, discount rate and scenarios.   
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Figure 8.9(a): Net Present Value of Retrofitting for Brick Houses of Pandhana Tehsil 
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Figure 8. 9(b): Net Present Value of Retrofitting for Brick Houses of Pandhana Tehsil
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Figure 8.9(c): Net Present Value of Retrofitting for Brick  Houses of Pandhana Tehsil
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Figure 8. 9(d): Net Present Value of Retrofitting for  Brick  Houses of Pandhana Tehsil
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Figure 8.9(e): Net Present Value of Retrofitting for Brick  Houses of Pandhana Tehsil
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Figure 8.10: Time Required in Months to Realize the Benefits for Pandhana Tehsil Brick Buildings

8.3.2
Application of Methodology on Mud Buildings based on Tehsil Level Information 

Since 3088 houses are having 120546 sq mt areas, then 6,563 houses will be having 3,32,933.81 sq mt.

(i)
Cost of Replacement 

Rs. 20,70,58,341.00

(ii)
Cost of Retrofitting 


Rs. 14,61,16,415.00

(iii)
Damage before Retrofitting

· Damage cost before retrofitting at Intensity VI = Rs. 2,02,64,76,464.00

· Damage cost before retrofitting at Intensity VII = Rs. 2,66,96,43,953.00

· Damage cost before retrofitting at Intensity VIII = Rs. 3,31,08,71,260.00
(iv)
Damage after Retrofitting 

· Damage cost after retrofitting at Intensity VI = Rs. 1,01,44,50,163.00

· Damage cost after retrofitting at Intensity VII = Rs. 1,45,05,45,311.00

· Damage cost after retrofitting at Intensity VIII = Rs. 1,88,96,38,214.00

(v)
Rental Losses Reduction due to Retrofitting 

· Rental losses VI  = Rs. 54,49,10,975.40

· Rental losses VII = Rs. 55,13,94,947.00
· Rental losses VIII = Rs. 53,01,60,235.50

(vi)
Relocation Loss Reduction 

· Relocation losses VI  = Rs. 54,49,10,975.40

· Relocation losses VII = Rs. 55,13,94,947.00
· Relocation losses VIII = Rs. 53,01,60,235.50

(vii) 
Property Loss Reduction 

· Property Loss reduction at Intensity VI= Rs. 66,23,36,949.40

· Property Loss reduction at Intensity VII= Rs. 69,45,47,772.90
· Property Loss reduction at Intensity VIII= Rs. 94,21,69,369.20

(viii)
Death and Injury Loss Reduction for Brick buildings 

(a)
Intensity VI

· M Red-Death-Day -VI = Noh (M1 × M2 × M3 × M4 x (Death Value)
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= 9375 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x 0.282 = 0

· M Red-life threat -Day -VI = 0

· M Red-medium -Day -VI = 0

· M Red-minor-Day -VI = 0

(b)
Intensity VII

Day Time Casualties 

· M Red-Death-Day -VII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 9375 x 5.378 x 0.40 x 0.05 x 0.10 x 50000 x .207  

      
= Rs. 10,50,000
· M Red-severe-Day -VII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 9375 x 5.378 x 0.40 x 0.05 x 0.30 x 40000 x .207

         
= Rs. 25,12,500
· M Red-medium-Day -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 9375 x 5.378 x 0.40 x 0.05 x 0.40 x 25000 x .207

             
= Rs. 20,90,625
· M Red-minor-Day -VII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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             = 9375 x 5.378 x 0.40 x 0.05 x 0.20 x 15000x .207 

             = Rs. 6,28,125

Night Time Casualties 

· M Red-Death-night -VII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 9375 x 5.378 x 0.95 x 0.05 x 0.10 x 50000 x .207  



= Rs. 24,84,375
· M Red-severe-night -VII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 9375 x 5.378 x 0.95 x 0.05 x 0.30 x 40000 x .207  



= Rs. 59,53,125
· M Red-medium-night -VII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 9375 x 5.378 x 0.95 x 0.05 x 0.40 x 25000 x .207  


= Rs. 49,59,375
· M Red-life minor-night-VII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 9375 x 5.378 x 0.95 x 0.05 x 0.20 x 15000x .207  



= Rs. 14,90,625
Day Time Casualties
· M Red-Death-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 9375 x 5.378 x 0.40 x 0.30 x 0.10 x 50000 x 0.156


= Rs. 47,25,000
· M Red-severe-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 9375 x 5.378 x 0.40 x 0.30 x 0.30 x 40000 x 0.156  


= Rs. 1,13,34,375
· M Red-medium-Day -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 9375 x 5.378 x 0.40 x 0.30x 0.40 x 25000 x 0.156



= Rs. 94,40,625
· M Red-minor-Day –VIII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 9375 x 5.378 x 0.40 x 0.30x 0.20 x 15000x 0.156 



= Rs. 2840625
Night Time Casualties 

· M Red-Death-night -VIII = Noh (M1 × M2 × M3 × M4 x (Death Value) 
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= 9375 x 5.378 x 0.95 x 0.30 x 0.10 x 50000 x 0.156 



= Rs. 1087500
· M Red-severe-night -VIII = Noh (M1 × M2 × M3 × M4 x (Life threat) 
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= 9375 x 5.378 x 0.95 x 0.30x 0.30 x 40000 x 0.156 


= Rs. 2,69,06,250
· M Red-medium-night -VIII = Noh (M1 × M2 × M3 × M4 x (Hospitalization) 
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= 9375 x 5.378 x 0.95 x 0.30 x 0.40 x 25000 x 0.156 



= Rs. 2,24,25,000
· M Red-minor-night-VIII = Noh (M1 × M2 × M3 × M4 x (Minor) 
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= 9375 x 5.378 x 0.95 x 0.30 x 0.20 x 15000x 0.156 



= Rs. 67,31,250
Table 8.8: Reduction of Losses due to Retrofitting of Mud Buildings of 
Pandhana Tehsil

	S. No
	Grade of casualties 
	Intensity VI
	Intensity VII
	Intensity VIII

	
	
	Day
	Night
	Day
	Night
	Day
	Night

	1
	Death 
	0
	0
	1050000
	2484375
	4725000
	1087500

	2
	Life threat
	0
	0
	2512500
	5953125
	11334375
	26906250

	3
	Hospitalization
	0
	0
	2090625
	4959375
	9440625
	22425000

	4
	Minor 
	0
	0
	628215
	1490625
	2840625
	6731250

	Total loss reduction 
	0
	0
	6281340
	14887500
	28340625
	57150000


Figure 8.11(a-e) gives the profile of NPV with respect to changing planning period, discount rate and scenarios.  Table 8.8 provides the summary of reduction of losses from retrofitting of mud buildings from Pandhana tehsil. 
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Figure 8.11(a): Net Present Value of Retrofitting for Mud Houses of Pandhana Tehsil
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Figure 8.11 (b): Net Present Value of Retrofitting for Mud Houses of Pandhana Tehsil
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Figure 8.11(c): Net Present Value of Retrofitting for Mud Houses of Pandhana Tehsil
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Figure 8.11(d): Net Present Value of Retrofitting for Mud Houses of Pandhana Tehsil
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Figure 8.11 (e) Net Present Value of Retrofitting for Mud Houses of Pandhana Tehsil
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 Figure 8.12: Time required in months to realize the benefits for Pandhana Tehsil mud buildings
8.3.4
Discussion of Results and Conclusion for brick and mud buildings of Pandhana tehsil 

The clear profile of benefit of returns from retrofitting project is given in Figure 8.9(a-e) and Figure 8.11(a-e) for brick and mud buildings. The analysis has been carried out for finding the sensitivity of investments with respect to discount rate, planning period and damage scenarios. At tehsil level also, most relevant situations i.e. period for benefit realization and effect of temporal changes have been analysed for set of brick and mud buildings. 

The characteristics of net present value with respect to period for benefit realization, discount rate and damage scenario for brick buildings of Pandhana tehsil has been shown in the form of 3D graph at Figure 8.10 and 8.12.
(i)
Assessing the period for profit realization at various scenarios 

For checking the effectiveness of rate of discount and planning period, it is necessary to check the span of investment returns, which may be treated as benefits. The table 8.9 provides the information about time required in months to realize the benefits from executing the retrofitting projects for brick and mud building of Pandhana tehsil. 

(a) Brick building 

· The analysis shows the period of benefit realization is consistent in brick buildings with respect to discount rate in all scenarios. However there is s sudden moderate increase at discount rate of 10 %. 

· As the criticality of scenario changes from day to night, the period of benefit realization decreases. For scenario VIIN, there is a reduction of about 28 % in period in benefit realization with respect to VIID. However for VIII, the period of benefit realization drops by about 40 % for VIIIN. The reduction in rate is irrespective of discount rate. 

(b) Mud building 

· The mud building is showing consistency in period of profit realization, which is irrespective of discount rate. For larger region the profit realization is very fast. 

· There is no much change observed in scenario day and night for any intensity as the population of building is large and intangible losses are large. 

· Project is showing positive from the beginning.
Table 8.9: Comparison of Period (Months) of Benefit Realization for Brick and Mud Buildings from Pandhana Tehsil
	Scenario
	Discount Rate

	
	2.50%
	3%
	4%
	5%
	7.50%
	10%

	
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building
	Brick Building
	Mud  Building

	VIDN
	26.56
	0.52
	26.87
	0.52
	27.55
	0.52
	28.28
	0.51
	30.41
	0.50
	32.95
	0.51

	VIID
	30.24
	12.71
	29.34
	12.67
	30.26
	12.87
	31.25
	13.08
	34.02
	13.69
	37.25
	14.41

	VIIN
	21.74
	12.07
	21.80
	12.02
	22.26
	12.18
	22.76
	12.35
	24.20
	12.85
	25.94
	13.45

	VIIID
	15.07
	21.87
	15.19
	22.07
	15.45
	22.51
	15.73
	22.99
	16.53
	24.38
	17.49
	26.08

	VIIIN
	8.96
	19.01
	9.07
	18.89
	9.30
	18.65
	9.54
	18.38
	10.19
	18.42
	10.90
	19.41


Comparison between Brick and Mud buildings 

The feasibility of retrofitting for mud and brick buildings have been studied and following are the observations:

· The returns of benefits are faster in mud buildings at reginal level as compared to single and group of buildings. For brick building, at discount rate of 2.5 %, the benefit return period at varying intensities of VIDN to VIIIN, ranges from 26.56 months to 8.96 months.  Mud buildings are showing very good benefit returns from beginning. At this discount rate, mud buildings are returning benefits after half month for damage scenario VIDN. However as the scenario becomes critical, the return is realised in 19 months. 

· It has been observed that for brick buildings, at 2.5% discount rate, as the scenario changes from VIDN to VIIIN, the period has decreased substantially. The temporal changes in scenario also change the net present value. The scenario at night time shortens the span for benefit realization.

· At 5 % discount rate, the brick buildings are getting benefits at 28.28 months. As the scenario changes to scale up, the period of benefit realization reduces. It is observed that for brick buildings for various scenarios ranging from VI to VII, the time to realise the benefits range from 31 to 22 months. It is also observed that for any fixed scenario, as the rate of discount increases, the span of benefit realization prolongs. However the changes are marginal. 

· At 5 % discount rate, the mud buildings are getting benefits after half month of project commencement. Period of benefit returns are independent of rate of discount. There is no much changes observed at any damage scenario at varying discount rate. 
· At Intensity VIII, it is found that brick buildings are performing better. At 2.5 % discount rate, brick buildings are getting returns at 8.96 months. As the discount rate changes, there is non significant increments observed in benefit return period. For the same scenario, the benefits are accrued after 19 months for mud buildings. 

The reasons for inconsistency in results in mud buildings have been discussed in chapter 9

8.4 Discussion of Results and Conclusion 
The proposed methodology has been projected on large geographical area. Larger size of data has been taken for analysed. It is found that brick buildings are showing positive trend from the commencement of the project.  The mud buildings are showing abnormal result at higher rate of discount. Mostly, the mud building retrofitting project is showing its feasibility at the lower rate of interest after 12 to 15 years of planning period. The model has been 
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