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Abstract 
A methodology for seismic vulnerability and risk assessment of historical urban area typical for east 
side of Adriatic coast and its application to the Croatian settlement of Kaštel Kambelovac chosen as HR 
test site have been presented in two articles published in open access journal “Applied sciences”. In 
addition, during the project the activity 3.3 “Assessment of climate-unrelated hazards exposure in 
urban and coastal areas (seismic action)” has been presented at several conferences. All papers have 
been made in cooperation between the project partner UNIST-FGAG and lead partner UNIFE. They are 
available at the project web-site. 
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1 Scientific reports on open access journals  

1.1 Article “Seismic Vulnerability Assessment of Historical Masonry Buildings in 

Croatian Coastal Area“   

An article “Seismic Vulnerability Assessment of Historical Masonry Buildings in Croatian Coastal Area“ 

1, has been published in open access journal “Applied sciences” in June 2021. This article presents 
scientific report of the developed methodology for the assessment of seismic vulnerability and damage 
of a limited number of stone masonry buildings in the historical core of Kaštel Kambelovac.  

The article highlights an importance of the protection of built heritage in historic cities located in 
seismically active areas for the safety of inhabitants. Systematic care and planning are necessary to 
detect the seismic vulnerability of buildings, in order to determine priorities in rehabilitation projects 
and to continuously provide funds for the reconstruction of the buildings. The seismic vulnerability of 
the buildings in the historic center of Kaštel Kambelovac, a Croatian test site located along the Adriatic 
coast, has been assessed through an approach based on the calculation of vulnerability indexes. The 
center consists of stone masonry buildings built between the 15th and 19th centuries. The seismic 
vulnerability method was derived from the Italian GNDT approach, with some modifications resulting 
from the specificity of the buildings in the investigated area. A new damage–vulnerability–peak ground 
acceleration relation was developed using the vulnerability indexes and the yield and collapse 
accelerations of buildings obtained through non-linear static analysis. Results of the investigations, 
represented with a seismic vulnerability map, critical peak ground accelerations for early damage and 
collapse states, and damage index maps for two return periods, have been predicted using the 
developed damage curves. The article concludes that the methodology developed in the PMO-GATE 
project, which combines the vulnerability index method with non-linear pushover analysis is an 
effective tool for assessing the damage of a building stock on a territorial scale. 

The first page of the article is shown in Fig. 1. The article is available at the web-site of open access 
journal “Applied sciences” (Link: https://www.mdpi.com/2076-3417/11/13/5997, file:///C:/Users/gf-
nikolic/Downloads/applsci-11-05997-v2.pdf ).  
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Fig. 1. The first page of article 
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1.2 Article “Seismic Risk Assessment of Urban Areas by a Hybrid Empirical-Analytical 

Procedure Based on Peak Ground Acceleration “   

An article “Seismic Risk Assessment of Urban Areas by a Hybrid Empirical-Analytical Procedure Based 

on Peak Ground Acceleration“ 2, has been published in Special issue “Natural-Hazards Risk 
Assessment for Disaster Mitigation” of open access journal “Applied sciences” in June 2022. Organizers 
of this special issue are researchers of PMO-GATE project from University of Split and University of 
Ferrara. 

This article fully extends the scale of the settlement and properly upgrades a methodology previously 
proposed by authors to predict seismic damage and the risk to a restricted number of masonry 
buildings in the Croatian settlement Kaštel Kambelovac located along the Adriatic coast. The proposed 
approach is based on a hybrid empirical-analytical procedure that combines seismic vulnerability 
indices with critical peak ground accelerations for different limit states computed through a non-linear 
pushover analysis. The procedure’s outcomes are the computation of a relationship linking 
vulnerability indices to peak ground acceleration for a series of states, corresponding to damage 
limitation, significant damage, and near collapse. The described methodology is used to estimate 
seismic risk in terms of damage and the index of seismic risk for selected return periods. The general 
methodology has allowed a full seismic vulnerability assessment of the whole Croatian settlement of 
Kaštel Kambelovac. 

The first page of the article is shown in Fig. 2. The article is available at the web-site of open access 
journal “Applied sciences” (Link: https://www.mdpi.com/2076-3417/12/7/3585, file: 
https://www.mdpi.com/2076-3417/12/7/3585/htm).  

https://www.mdpi.com/2076-3417/12/7/3585
https://www.mdpi.com/2076-3417/12/7/3585/htm


 

8 
 

 

Fig. 2. The first page of article 
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2 Scientific reports at the conference  

2.1 ECCOMAS-MSF 2021 conference paper “Seismic assessment of historical stone 

masonry buildings”   

UNIST and UNIFE have organized a mini-symposium “Risk assessment and resilience estimation of civil 
engineering structures and systems”, focusing on the PMO-GATE topics in the framework of an 
international conference ECCOMAS-MSF 2021 held in Split.  

UNIST-FGAG staff have presented 2 papers related to PMO-GATE activities. The paper “Seismic 

assessment of historical stone masonry buildings” 3 has contributed to deliverable 3.3.5. “Scientific 
reports on open access journals and on the project web site”.  

The paper has been published in the conference proceedings “5th International Conference on Multi-
scale Computational Methods for Solids and Fluids”. It is available at the web-site of the project. 

The paper is shown in Fig. 3.  

   

Fig. 3. The paper “Seismic assessment of historical stone masonry buildings” 
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2.2 Conference paper at the 11th Meeting of the Croatian Society of Mechanics 

“Methodology for determining of seismic vulnerability curves of stone masonry 

buildings”   

The paper “Metodologija određivanja krivulja potresne ranjivosti kamenih zidanih zgrada” [4] (Eng. 
Methodology for determining of seismic vulnerability curves of stone masonry buildings) have been 
presented and published at the Meeting of the Croatian Society of Mechanics. Full paper is given in 
Proceedings of the 11th meeting of the Croatian Society of Mechanics (Zbornik radova 11. susreta 
Hrvatskog društva za mehaniku).  

The paper is avaliable at the web-site https://www.bib.irb.hr/1145941. 

   

  

Fig. 4. The paper “Methodology for determining of seismic vulnerability curves of stone masonry 

buildings” 

 

https://www.bib.irb.hr/1145941
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2.4 Conference paper “Estimation of the seismic capacity of civil engineering 

structures” at the Proceedings of 1st Croatian conference on earthquake 

Engineering   

The paper “Estimation of the seismic capacity of civil engineering structures” has been presented at 
the 1st Croatian Conference on Earthquake Engineering (1CroCEE) held in Zagreb. An importance of 
this presentation is in a fact that, after the high-intensity earthquakes in Croatia with the epicenter in 
Zagreb and Petrinja in 2020, the research and engineering community are very interested in the 
methodology for preventing the consequences of such events, developed in the PMO-GATE project. 
The abstract of the paper is available at the web-site 
https://crocee.grad.hr/event/1/contributions/108/ . Extended abstract have been published in the 
Conference Proceedings.  

The paper is avaliable at the web-site https://www.bib.irb.hr/1145941. 

  

 

Fig. 5. Two-page abstract of the paper “Estimation of the seismic capacity of civil engineering 

structures” 

https://crocee.grad.hr/event/1/contributions/108/
https://www.bib.irb.hr/1145941
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2.5 Conference paper “Assessment of seismic vulnerability of existing masonry 

buildings in urban area” - 10th International Congress of Croatian Society of 

Mechanics   

The paper “Assessment of seismic vulnerability of existing masonry buildings in urban area” will be 
presented in 10th International Congress of Croatian Society of Mechanics, Pula, Croatia, in September 
28-30, 2022. The paper has been submitted to Organized session “Risk assessment and resilience 
estimation of civil engineering structures and systems” organized by PMO-GATE researchers Željana 
Nikolić and Elena Benvenuti. 

Two-page abstract accepted for presentation is shown in Figure 6. 

  

 

Fig. 6. Two-page abstract “Assessment of seismic vulnerability of existing masonry buildings in 

urban area” 
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