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SYNER- G is a European Collaborat ive Research Project  

focusing on the system ic seism ic vulnerabilit y and r isk 

analysis of buildings, lifelines and infrast ructures. The 

research consort ium  relies on the act ive part icipat ion of 

twelve partners from  Europe, one from  USA and one from 

Japan. The consort ium  includes a partner from  the indust ry 

(VCE)  and one from  the insurance (Willis)  area. 

 

Pr o j ect  W or k f low  

SYNER-G is designed with eight  work packages:  

 

WP5. SYSTEMIC  VULNERABILITY & LOSSES

WP1. Coordination Project Management

Executive Committee

Seismic Hazard 
Scenarios

WP3. PHYSICAL 
VULNERABILITY &  LOSSES        

Fragility functions 
for elements and systems

WP4. SOCIO ECONOMIC 
VULNERABILITY & LOSSES

for elements and systems

Buildings &  
aggregates

Utility 
systems

Transportation 
infrastructures

Critical
facilities

Interdependencies between systems

WP6. APPLICATION &  VALIDATION

Urban scale
Thessaloniki city
Vienna city

Utility-Transportation
Pipeline network
Motorway in Italy
Electric network in Italy 
Harbor of Thessaloniki

Critical facilities
Hospital facility 
in Italy

WP8. GUIDELINES -
DISSEMINATION

WP7. SOFTWARE  
TOOLS

WP2. GENERAL  METHODOLOGY

 

 

I nform at ion about  the progress of WPs 2, 3, 4, 5, 6 is given in 

the following.  

Recen t  New s 

‚ The new web portal has been set  

up:  ht tp: / / www.syner-g.eu/  

‚ SYNER-G has been presented 

during the 5 th I nternat ional 

Conference on Recent  Advances in 

Geotechnical Earthquake 

Engineering and Soil Dynam ics       

@ San Diego, CA, 24-29 May 2010 

and the 5 th I nternat ional 

Conference of Earthquake 

Geotechnical Engineering            

@ Sant iago, Chile,                         

10 -  13 January 2011 

Gen er a l  Assem b ly  Meet in g s 

    The following m eet ings were held 

in 2010:  

‚ Plenary m eet ing                            

@ Rom e on 18-19 March 

‚ WP4 kick-off m eet ing                     

@ Karlsruhe on 17-18 June  

‚ 1st  Annual m eet ing                       

@ Vienna on 16-17 Septem ber 

with the part icipat ion of the 

I nternat ional Advisory Commit tee 

(Prof. D. Giardini, Prof. M. Dolce)  

Upcom ing:  Mid- term  Meet ing             

@ Oslo on 28-29 April 2011 
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 W P2 :  Dev elop m en t  o f  a  m et h od o log y  t o  ev a lu at e sy st em ic v u ln er ab i l i t y  

 
‚ A general methodological framework to assess vulnerabilit y at  a system level consider ing 

interdependencies between elements at  r isk (physical and non-physical) , belonging to different  

system s and between different  systems as a whole, at  city and regional scale, has been defined.  

‚ A consensus taxonom y of the systems ( i.e. the detailed list  of all components making up the 

system s)  to be dealt  within SYNER-G was prepared, together with the descript ion of ontology ( i.e. 

the internal logic and funct ioning of the com ponents and system s)  and the establishment  of a 

consensus term inology. 
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Intra-relations

Systems

Components

(systems’)

Inter-relations

Infrastructure

(components’)
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Systems
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(systems’)
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Abst ract  representat ion of the I nfrast ructure 

 

‚ An object -oriented fram ework for the 

simulat ion of an infrast ructure in a seism ic 

environment  and the im plem entat ion of a 

prototype infrast ructure for test ing the 

fram ework has been set  up. 

‚ A conceptual framework for the select ion of 

opt im al I ntensity Measure ( I M)  for the 

analysis of lifelines was prepared, together 

with the  framework and criter ia of seism ic 

inputs and scenarios, adequate to every 

system vulnerability analysis. 

W P3 :  Fr ag i l i t y  f u n ct ion s o f  e lem en t s a t  r i sk  

 
‚ Fragilit y curves have been proposed for all the systems’ elements and will be finalized soon, based 

on the taxonomy/ typology of WP2 framework. The fragilit y funct ions are based on methods and 

results that  are available in literature and past  projects, which have been collected and reviewed. 

I n some cases the select ion of the fragilit y funct ions is based on validat ion studies using damage 

data from  past  and recent  earthquakes m ainly in Europe. Appropriate adaptat ions and 

m odificat ions have been m ade to the selected fragilit y funct ions in order to sat isfy the dist inct ive 

features of the present  taxonomy.  

‚ I n case of buildings, focus is given in compiling, harmonising and archiving ( in a query-able 

database)  the exist ing fragilit y funct ions that  have been developed for European buildings.   

‚ I n other cases (e.g. br idges, embankments)  new fragilit y curves are being developed based on 

num erical approaches. For certain elem ents (e.g. com pression gas stat ions)  fragilit y curves have 

been proposed based on fault  t ree analysis. Validat ion of proposed fragility funct ions using data 

from  L’Aquila earthquake will be performed.  

 

 

Fault - t ree analysis of a Re.Mi gas cabin 

(L’Aquila)  (Esposito et  al.  2011)  

 

SYNER-G fragilit y funct ion m anager tool (developed by UPAV)  
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 W P4 :  Socio - econ om ic v u ln er ab i l i t y  an d  losses 
‚ The sectors for the assessm ent  of socio-econom ic im pacts in the context  of short - term  em ergency 

relief and recovery (2-3 weeks)  were defined, along with the features for the development  of the 

socio-econom ic fram ework. Tem porary shelter and healthcare capacity are considered as the main 

sectors;  t ransportat ion accessibilit y mode and ut ilit y serviceabilit y model come to give inputs to 

the form er and com plete the framework.  

‚ The interact ion of socio-econom ic models with physical vulnerabilit y/  loss est imat ion models will 

be included in the framework of a comprehensive methodology. Socio-econom ic and st ructural 

factors will be used for the definit ion of output  indicator values for all sectors cr iter ia. 

‚ The benchmarking of socio-econom ic indicators will be based on the L’Aquila case study based on 

data that  will be provided by the I talian Civil Protect ion.  
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Socio-econom ic Fram ework Developm ent  

W P5 :  Sy st em ic v u ln er ab i l i t y  sp eci f i cat ion  

The act ivit ies performed within WP5 are in parallel and in very close collaborat ion with WP2. The 

parameters governing the general methodology presented in WP2 are specified for each system in 

term s of perform ance m easures. Perform ance(s)  (physical vulnerabilit y, serviceabilit y/  

funct ionalit y)  definit ion at  the components, system s and system  of system s levels has been 

perform ed and is linked with WP4 work. The definit ion of perform ances for systems and for system  

of system s will be the key points of WP5 outputs. The main object ives of WP5, having as a start ing 

point  the sim ulat ion fram ework from WP2, have been ident ified, while the need to establish an 

interface with socio-econom ic consequence models was highlighted. For the specific types of 

systems exam ined (buildings, ut ilit y networks, t ransportat ion infrast ructures, cr it ical facilit ies) , 

desired inputs, specificit ies of analysis, following developments to be made and interact ions with 

other WPs and tasks are ident ified.  
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 W P6 :  Val id at ion  st u d ies 

 
‚ The test  area for Vien n a will be the 20th dist r ict . A detailed ident ificat ion of each building within 

the study area is under development , together with m easurem ents of building eigen- frequencies. 

‚ For the city of Th essa lon ik i  a detailed database for buildings, lifelines, infrast ructure and urban 

indicators is available and a comprehensive seism ic hazard study has been performed in the 

recent  past  period. The update or validat ion of exist ing informat ion will be perform ed based on 

the satellite images that  will be acquired and the informat ion from the “Urban Audit ”  database 

(EUROSTAT)  in correlat ion to WP2 and WP4. The present  seism ic hazard and site effect  data will 

be updated applying the m ethodology for seism ic input  to be developed in SYNER-G.  

‚ L’Aq u i la  const itutes the case study for the fragility and network analysis of gas system  and 

benchm arking socio-econom ic indicators based on the experience of the recent  earthquake 

(WP4) . The gas system database is completed, while the hazard and fragilit y analysis is in 

progress. The incorporat ion of dam age and repair data will be exam ined based on the available 

resources. The collect ion of inform at ion about  shelters, possibly debris, emergency act ions and 

availabilit y of ut ilit ies after the L’Aquila earthquake has been started, in cooperat ion with the 

I talian Civil Protect ion. 

 

 

  
Thessaloniki case study:  Harbor database 

 

Vienna case study:  buildings database 

 

   

L’Aquila case study:  building benchm arking-Pet t ino area 
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