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Building functionality

Building restoration function  
(Koliou and van de Lindt, 2019)
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Damage State and Damage Factor

(Bai et al,2009) 

There is no study done about the damage states and damage factor 
for tornado disaster. Therefore, I used the available information from 
earthquake studies to proposed a table for Joplin project. 



Damage State and Damage Factor for Joplin

There is no study done about the damage states and damage factor for tornado 
disaster. Therefore, we proposed the following table for Joplin project to calculated 
the loss estimation and initial values of buildings functionality.

Damage State Damage Factor(%)

None(N) 0

Insignificant(I) 5

Moderate(M) 30

Heavy(H) 68

Complete(C) 100



Tornado Building Fragility Curve Parameters

(Masoomi et al ,2018)

We use this information to create fragility curve on building type 1 and 5



Actual data of Fragility curve for Joplin



Tornado Building Fragility Curve

(Source: Masoomi et al,2018) 

3-sec Gust Wind Speed (m/s) 

3-sec Gust Wind Speed (mph) 

𝑷𝑫𝑺𝟒

𝑷𝑫𝑺𝟑

𝑷𝑫𝑺𝟐

𝑷𝑫𝑺𝟏

𝑃,|./ = 𝑃0/1

𝑃2|./
= 𝑃0/3 − 𝑃0/1

𝑃4|./
= 𝑃0/5 − 𝑃0/3

𝑃6|./ = 1 − 𝑃0/7

𝑃8|./
= 𝑃0/7 − 𝑃0/5

Structure associated with the fragility curve
Wood frame residential building (Multi-family building )



Building Economic Loss Estimation

𝒍𝟏𝟓𝟏
= (𝑷𝑵|𝑾𝑺× 𝟎 + 𝑷𝑰|𝑾𝑺× 𝟎. 𝟎𝟓 + 𝑷𝑴|𝑾𝑺× 𝟎. 𝟑
+ 𝑷𝑯|𝑾𝑺× 𝟎. 𝟔𝟖 + 𝑷𝑪|𝑾𝑺× 𝟏) ×𝑴𝟏𝟓

𝑖 = 1, 𝑗 = 5, k = 1

Calculate the estimation of loss of building at zone 𝑖 = 1 of archetype 𝑗 = 5 at level k = 1
(𝑀(): appraised value of buildings for building in block 1 of archetype 5) 

Damage State Damage Factor(%)

None(N) 0

Insignificant(I) 5

Moderate(M) 30

Heavy(H) 68

Complete(C) 100



Calculate 𝑄!"#%

(Bai et al,2009) 𝑄()(* (𝑊𝑆 = 135𝑚𝑝ℎ)
= 1 − (𝑃+|-.× 0 + 𝑃/|-.× 0.05 + 𝑃0|-.× 0.3
+ 𝑃1|-.× 0.68 + 𝑃2|-.× 1)

Damage State Damage Factor(%)

None(N) 0

Insignificant(I) 5

Moderate(M) 30

Heavy(H) 68

Complete(C) 100

𝑄+,-. (𝑊𝑆)
= 1 − 𝐸[𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑙𝑜𝑠𝑠 𝑜𝑓 𝑏𝑢𝑖𝑑𝑙𝑖𝑛𝑔]



Strategy Cost Calculation – Building type



Retrofit Strategies

Retrofit 
strategies 

Roof covering
Roof sheathing nailing 

pattern Roof-to-wall connection type

Asphalt 
shingles Clay tiles 8d C6/12 8d C6/6 Two 16d 

toe nails H2.5 clip Two H2.5 
clips

1 X - X - X - -

2 X - - X - - X

3 - X - X - - X



Retrofit Cost 

Retrofit Strategy Archetype Retrofit cost percentage (

Strategy 1
1 0.1141

5 0.0826

Strategy 2
1 0.1733

5 0.1434

Strategy 3
1 0.3533

5 0.2574

The final retrofit cost = 
Appraisal Value of the building * Retrofit cost percentage 


