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Seismic vulnerability 
assessment of R/C buildings 

with brick masonry infills 







Type of buildings analysed 
depending on year of 

construction (↔ seismic code) 

Low Code 
(1959 RD) 

Dual 

low-rise 

medium
-rise 

high-rise 

Frame 

High Code 
(ΝΕΑΚ/ΕΑΚ2000) 

depending on height depending on presence and 
configuration of infill walls 

Bare (negligible infills) 

Regularly infilled 

Irregularly infilled (pilotis) 

→  A total of 54 
building types 

45 of them are used 
within the PAGER project 

Medium Code 
(1984 Supplement) 

Dual Frame Dual Frame 



AUTh (Risk-UE) vs. PAGER building typologies 



Examples of R/C frame structures 



Examples of R/C dual structures 



2D building models for pushover analysis 

direction of interest 



Point hinge approach 

moment – rotation (θp) curve for a beam (SAP 2000) 

Modelling of R/C members: 



•  multilinear version of 
hysteresis law based on test 
results (brick masonry)  
•  no significant axial load 
•  masonry fw=1.5 MPa 

Modelling of infills [Kappos et al. 1997] 

Strut model 



Diagonal cracking of the 
brick-masonry infill in an 
R/C infilled frame 

Typical damage of a brick-masonry infill wall 



SAP2000 model examples for pushover analysis 

Frame systems Dual systems 



Typical pushover curves for dual systems 

Drop of strength 
in infill walls 

Failure of infill 
walls+1st column 

Drop of strength 
at the base of R/
C shear walls 

Medium-rise (4 storey) R/C dual systems 
designed to modern seismic codes 



Typical pushover curves for dual systems 

Drop of strength 
in infill walls 

Failure of 
infill walls 

Drop of strength 
at the base of R/

C shear walls 



Bilinear approximations of pushover curves 
•  Bilinear approximation of pushover curves 
using a procedure close to the FEMA/ATC 
guidelines (adopting the equal areas rule) 
•  The end of the bilinear curve is assumed at the 
point of significant drop in strength (15%÷25%) 
•  In-house developed software (BILIN) available 
as a stand-alone application or as a function for 
MS Excel 
•  Whenever feasible a quatri-linear approach is 
utilized 



Bilinear approximations of pushover curves 



quatrilinear approximations of pushover curves 
(when appropriate) 



Pushover curves for several building classes 



WHE-PAGER forms 
•  The derived pushover curves were transformed to the corresponding spectral 
quantities (Sa - Sd) in order to fill in the WHE-PAGER forms 
•  Quantities for which no reliable data are available were left blank 



  Vulnerability parameters have been presented for almost all 
typical R/C building typologies that appear in Greece (and 
Southern Europe) 

  All values have been derived based solely on analytical results 
(pushover analyses), no experimental verification so far 

  The estimation of quantities such as θ14 or Sdc is based on 
rather arbitrary criteria (e.g. Sdc = (1.1÷1.3) θ14 ) 

  Current research activities at AUTh include:  
  efforts to integrate the hybrid and the purely analytical 

approaches, utilizing available statistical damage data along 
with the pushover/capacity curves,  

  analysis of additional buildings, designed using different 
parameters (soil type, design PGA etc.)  


