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Seismic assessment of building  
stock and prediction of losses 

•  Input 
–  Classification of buildings 
–  Assignment of capacity curves  
–  Definition of damage states 
–  Definition of demand spectra 
–  Evaluation of building response 

•  Output 
–  Fragility curves 
–  Damage scenarios 
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General Methodology 
•  Building classification by building typology 
•  If  typologies are codified then capacity curves deduced 

from design standards 
•  Damage thresholds more difficult but theoretical 

correlation between damage and drift available for 
engineered structures 

•  Correlation of drift capacity and demand from 
displacement spectra possible  

•  Distribution of building stock from census by typology and 
use of lognormal distribution around mean average 
damage 

•  Possible calibration of fragility curves with direct damage 
observations and experimental work. 
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Request to the analytical 
phase contributors 

•  Fill a spreadsheet providing a push over curve defining 
how far we are form the HAZUS approach 
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Analytical push-over curves for 
non-HAZUS structures types 

•  Identify experimental/analytical curves existing in 
literature 

•  Document type of test/analytical procedure, 
representativeness, etc. 

•  Use FaMIVE database to extract a number of region/
structure specific curves  

•  Compare with curves in literature 
•  Produce fragility curves  
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PAGER Structure types considered 
Sr.  
No. PAGER‐STR Descrip4on of Structure 

8 RS3 Local field stones with lime mortar.  
9 RS4 Local field stones with cement mortar, vaulted brick roof and floors 
10 DS2 Rectangular cut stone masonry block with lime mortar 
11 DS4 Rectangular cut stone masonry block with reinforced concrete floors and roof 
12 MS Massive stone masonry in lime or cement mortar 
14 UFB1 Unreinforced brick masonry in mud mortar without timber posts 
15 UFB3 Unreinforced brick masonry in lime mortar 
16 UFB5 Unreinforced fired brick masonry, cement mortar, but with reinforced concrete floor and roof slabs  
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Benedetti et al. 1998 
Brick masonry UFB3 

        
    Rubble masonry DS2 
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Tomazevic &Lutman 2004 

Rubble stone 
RS4 
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Literature Analytical 
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Griffith et al. 
(2004) 
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Regions 

•  Italy                                  Turkey 

•  Iraq                                          Nepal 



Department of Architecture and Civil Engineering 
University of Bath 

Literature Push-over Curves 
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Mechanisms of collapse 
•  Friction, identification of cracks by sliding or overturning 
•  Connections with other structural elements 
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Displacement based assessment 

•  Choice of appropriate non linear spectrum: 
–  Deterministic event ⇒   site specific PGA 
–  Ductility  ⇒   Strength reduction factor 
–  Displacement reduction factors: 
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Capacity curves for vulnerability classes 
•  Define peak strength as collapse load factor   ay = λ

•  Define natural period as ratio of effective stiffness and mass  
•  Define elastic limit displacement as 
•  Define Δu as loss of equilibrium for given mechanism 
•  Typical ductility range 3< µ < 10 



Department of Architecture and Civil Engineering 
University of Bath 

Tomazevic &Lutman 2004 
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Italy, Serravalle 
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Serravalle, Italy, Correlation 
of FaMIVE and EMS’98, 

Stonework 
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Turkey, Fener-Balat 
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Displacement 
based damage 
scenario 
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L’Aquila, Italy 
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Comparison FaMIVE experimental 
for UFB5 
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Cumulative total damage probability 
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Cumulative distribution over the 
whole sample for UFB3 and UFB5 
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Indian Data Concrete structures 
C3M 
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Friction model 
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Input: electronic survey form 
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Output for one façade  
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CLASSIFICATION OF   
BUILDING TYPOLOGIES in 
Vittorio Veneto 

     Serravalle                                                               
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VULNERABILITY (VULNUS) and EMS 98 VULNERABILITY Class for  different Typologies 
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Conclusions 


