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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.
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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

Unreinforced fired brick masonry, cement mortar, but with reinforced concrete floor and roof slabs UFB5��

Unreinforced brick masonry in lime mortarUFB3��

Unreinforced brick masonry in mud mortar without timber postsUFB1��

Massive stone masonry in lime or cement mortarMS��

Rectangular cut stone masonry block with reinforced concrete floors and roofDS4��

Rectangular cut stone masonry block with lime mortarDS2��

Local field stones with cement mortar, vaulted brick roof and floorsRS4�

Local field stones with lime mortar. RS3�
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Literature -Experimental 
• [5] Benedetti D., Carydis P., Pezzoli P., 1998, ‘Shaking Table Tests on 24 Simple Masonry 

Buildings’ Earthquake Engineering and Structural Dynamics: Vol 27: 67-90
• [6] Magenes G., Calvi G., 1997, ‘In-Plane Seismic Response of Brick Masonry Walls’
• Earthquake Engineering and Structural Dynamics: Vol 26: 1091-1112
• [7] Tomazevic M., ‘Damage as a Measure for Earthquake-Resistant Design of Masonry 

Structures: Slovenian Experience’, Can. J. Civ. Eng. 34: 1403-1412, 2007
• [8] Tomazevic M., Lutman M., Weiss M., Velechovsky T., ‘The Influence of Rigidity of 

Floors on the Seismic Resistance of Masonry Buildings: Shaking Table Tests of Stone Masonry 
Houses Summary Report’, A Report to the Ministry of Science of Republic of Slovenia

• Institute for Testing and Research in Materials and Structures, Ljubljana, Slovenia, 1992
• [10] Paquette J., Bruneau M., ‘Pseudo Dynamic Testing of Unreinforced Masonry Building 

with Flexible Diaphragm’Journal of Structural Engineering, ASCE, June 2003
• [11] Yi T., Moon F., Leon R., Kahn L., ‘Lateral Load Tests on a Two Storey Unreinforced 

Masonry Building’Journal of Structural Engineering: ASCE: May 2006
• [12] Griffith M., Lam N., Wilson J., Doherty K., ‘Experimental Investigation of Unreinforced 

Brick Masonry Walls in Flexure’, Journal of Structural Engineering, ASCE, March 2004: 423-
432

• [13] Doherty K., Griffith M., Lam N., Wilson J., ‘Displacement-Based Seismic Analysis for 
Out-of-Plane Bending of Unreinforced Masonry Walls’, Earthquake Engineering and Structural 
Dynamics: 2002: 31: 833-850

• [14] Degée H., Denoël V., Candeias P., Campos Costa A., Coelho E., ‘Experimental 
Investigation on the Seismic Behaviour of North European Masonry Houses’, Sismica 2007- 7º
Congresso de Sismologia Engenharia Sismica
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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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Griffith et al. 
(2004)
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Literature Analytical

• [15] D’Ayala D., 2005, ‘Force and Displacement Based Vulnerability Assessment for 
Traditional Buildings’, Bulletin of Earthquake Engineering: 2005:3:235-265

• [16] Cattari S., Lagomarsino S., 2006, ‘Non-Linear Analysis of Mixed Masonry and 
Reinforced Concrete Buildings’ ,First European Conference on Earthquake 
Engineering and Seismology, Geneva, Switzerland, 3-8th September 2006: Paper no. 
927

• [17] Penelis G., ‘An Efficient Approach for Pushover Analysis of Unreinforced 
Masonry (URM) Structures’, Journal of Earthquake Engineering: Vol 10: No.3: 2006: 
359-379

• [18] Penelis G., Kappos A., Stylianidis K., 2003,‘Assessment of the seismic 
vulnerability of unreinforced masonry buildings’, Structural Studies, Repairs and 
Maintenance of Heritage Architecture VIII: 575-584

• [19] Salonikios T., Karakostas C., Lekidis V., Anthoine A., ‘Comparative Inelastic 
Pushover Analysis of Masonry Frames’, Engineering Structures 25: 2003: 1515-1523

• [20] Kappos A., Panagopoulos G., Panagiotopoulous C., Penelis G., ‘A Hybrid 
Method Method for the Vulnerability Assessment of RC and URM Buildings’, Bull 
Earthquake Eng: (2006): 4: 391-413

• [21] Barbat A., ‘Performance of Buildings Under Earthquakes in Barcelona, Spain’
Computer-Aided Civil and Infrastructure Engineering: 21: (2006): 573-593
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Literature Push-over Curves
UFB5 Analytical/Experimental
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Regions

• Italy                                  Turkey

• Iraq                                          Nepal
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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 = l
• Define natural period as ratio of effective stiffness and mass 

• Define elastic limit displacement as

• Define Du as loss of equilibrium for given mechanism

• Typical ductility range 3< m < 10
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Tomazevic &Lutman 2004
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Italy, Serravalle

Serravalle sample
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Serravalle, Italy, Correlation 
of FaMIVE and EMS’98, 

Stonework Damage distribution >=D3 for buildings of class A
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Turkey, Fener-Balat

Fener-Balat Sample
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Displacement 
based damage 
scenario
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L’Aquila, Italy
L'Aquila, Italy Sample
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Comparison FaMIVE experimental 
for UFB5

UFB5
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Cumulative total damage probability
Serravalle cumulative damage by PAGER TYPE
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Cumulative distribution over the 
whole sample for UFB3 and UFB5

UFB5
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Indian Data Concrete

Northern Indian non-ductile Concrete Frames
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