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 South-Eastern Europe: a very earthquake-prone region 

 in Croatia PGA up to 0.38g (475 years return period, bedrock) 

 

Seismic hazard ... 

Seismic hazard map 
 (Giardini et al., 2013) 

Seismic hazard map 
 (Herak et al., 2011) 

Earthquake epicentres 
(https://www.pmf.unizg.hr/geof/seizmo

loska_sluzba/seizmicnost_hrvatske ) 

strong earthquakes have occurred in the past and will occur again 
almost 30 % of the territory and 60 % of the population exposed to moderate/high seismic hazard 
urban centers (Zagreb, Rijeka, Split, Dubrovnik) located in seismically active zones  

• 1667. Dubrovnik ML7,1* 

• 1880. Zagreb ML6,2*  

• 1909. Pokuplje MS5,8,  

• 1942. Imotski ML6,2,  

• 1962. Makarska ML6,1 

• 1969. Banja Luka ML6.4,  

• 1963. Skopje ML6,1,  

• 1979. Crnogorsko 

primorje Mw7.0 

• 1996.  Ston Mw6,0 

https://www.pmf.unizg.hr/geof/seizmoloska_sluzba/seizmicnost_hrvatske
https://www.pmf.unizg.hr/geof/seizmoloska_sluzba/seizmicnost_hrvatske


Zagreb earthquake 1880.   

 historic earthquakes: e.g. Zagreb, 1880, ML=6.2 

 

 financial losses: approximately the half of the state’s budget 

 almost every building was damaged 

 13% collapsed buildings 

 large emigration (winter) 

post-earthquake 
reconstruction of the 

historic center 



Zagreb, the capital of the Republic of Croatia 

 capital city of the Republic of Croatia  

 administrative, cultural, scientific and economic center 
 home to the Croatian Parliament, Government (all ministries) and President  

 seat of the largest Croatian companies, media, many scientific and cultural institutions, hospitals, 
industrial facilities and historic monuments 

 important European transport intersection 

 over 20% of the all population (Croatian Bureau of Statistics, 2017) 

 over 35% of the country’s GDP 

 over 40,000 students 



Zagreb: exposure and vulnerability 

 exposure and vulnerability 

 aged building stock  

• >22% of all the habitable dwellings built before 1964 (Skopje EQ) – NO CODE  

• additional 41 % before 1981 - 30-50% of EUROCODE – LOW CODE 

• only 5% acc. to Eurocode  (gradually introduced from the beginning of the millennium, while its 

implementation, achieved by technical regulations, became completely obligatory in 2017) 

 poor maintainance as in most of the region, including massive illegal construction and 
undocumented reconstructions (> 100.000 applications for legalization since 2012!) 

 Seismic risk awareness (key problem) !!! 



National Risk Assessment in Croatia 

 Risk identification (2014) 

 Top three 

 Seismic risk assessment (2015)  

 Scenario for City of Zagreb (Sanja Hak) 

 Counties 

 Multi-risk assessment (2015)  

 Floods, fires, … 

 Seismic risk assessment for counties (2015)  

 Very rough ,,, 

 Assessment of risk management capability 

 Risk Management Planning 

 Implementing Risk Prevention and 

Preparedness Measures 

 Updated seismic risk assessment (2018) 

 Scenario for City of Zagreb (Miroslav Nastev) 

 Big step forward 

 

Distribution of average annual 
loss ratios in Croatia  
(Crowley et al. 2019) 

Economic losses in mil. EUR for the worst-
case probabilistic hazard scenario with  

(Atalić et al. 2018) 



Zagreb earthquake 2020 

 Sunday, March 22: ML5.5 main event 06:24 am CET and ML4.9 
aftershock 07:01 am CET  

 the epicenter 7 km north of the historical center, at a depth of 8 km 

 seismic activity: more than 1.400 earthquakes in 45 days post-
earthquake 

 

 

 

source: Croatian Seismological Survey, Department of Geophysics, Faculty of Science, University of Zagreb 

http://www.pmf.unizg.hr/geof/seizmoloska_sluzba/o_zagrebackom_potresu_2020  

main event:  

amax,A = 0,22 g  

amax,B = 0,20 g  

estimated soil type C  

 

 

 

 

 

 

 

 

 

ML5.5 ZAGREB EARTHQUAKE ON MARCH 22, 2020 

http://www.pmf.unizg.hr/geof/seizmoloska_sluzba/o_zagrebackom_potresu_2020


Zagreb earthquake 2020 

 COVID-19 lockdown 

 a day before earthquake (luck) 

 

 IMPACTS 

 one fatality, 26 injured 

 psychological shock and panic 
among citizens (> 20.000 left 
their homes) 

 widespread damage (especially 
to invaluable historic center)  

 

financial losses far exceeding 
expectations for an event of 
this size which was much 
smaller than anticipated for 
the location 

 

 

 

 

photos from the historic center (source: HCPI, 2020; AIR-RMLD d.o.o.; Šavor Novak et al. 2020.) 



Zagreb earthquake 2020 

source: 
http://www.zg-
nadbiskupija.hr/detalj
no-izvjesce-o-
ostecenjima-
zagrebacke-katedrale 
F. Foretić 
HCPI, 2020  

 Zagreb Cathedral and Archbishop’s Palace 

 

 

 

 

 

 
 Basilica of the Sacred Heart of Jesus 

source: I. Ćurić, HCPI, 
2020 
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Zagreb earthquake 2020 

 Clinic for Women's Diseases and Obstetrics in Petrova Street 

source:  
Government of 
Croatia, 2020; 

HCPI, 2020 



University 

160 years old building 
(350 years of University) 



Zagreb earthquake 2020 

 DAMAGE: roofs, chimneys and gable walls 

 

 

 

 

 

 

 

source:  
M. Todorić, HCPI, 2020,  

Šavor et al., 2020 

URM 
buildings 



Zagreb earthquake 2020 



POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 

 VOLUNTEERING post-earthquake building evaluation effort initiated in 
collaboration between: 

• Faculty of Civil Engineering Zagreb,  

• Chamber of Civil Engineers,  

• City Office for Emergency Management 

• Civil Protection Directorate 

• ...  

 500 engineers on the field  
(100 - 200 daily) 

expert group of 25 people 
gathered at FCE 

consultations with > 20 people City/State Offices… > 20 people 

“headquarters” about 10 people 



POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 

 Foundations 
• Study on earthquake risk reduction in the City of Zagreb (OEM) , 2013-2020 (only Zagreb) 

• EU project Matilda (MultinATIonal moduLe on Damage Assessment and CounTermeasures)  

• Platform for Disaster Risk Reduction (Ministry of interior) 

• Exercises with intervention teams + Albania mission    

Matilda 

Study on earthquake risk reduction 

Exercises 
 Istra 2017 
 ZG POTRES 2018  
 Cascade’19 (Portugal) 
 Jaska 2019 
 ... 

Albania 

only 20 people 



 Education 
• improvisation based on experience and exercises 

• adjustment to observed damage (feedback) 

• webinars (www.hcpi.hr) - ’’motivated’’ by COVID – 19  

• WhatApp group (consultations with headquater, experienced to the younger ones, ...) 

• ... 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 

first day !!! 

second week (webinar) 

second day !!! 

http://www.hcpi.hr/


 Equipment 
• City Office of emergency management (first days) + numerous donations (later) !!! 

• protective equipment (masks, disposable gloves and disinfectants for Covid-19 virus, were distributed to 
all first responders in the field) 

• special COVID-19 instructions for experts (masks, distance, open the windows, limited time, ...) 

• ... 

 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 



 Forms 
• NO methodology and official form for post-earthquake damage assessment 

• only unofficial similar to Italian AEDES (Baggio et al. 2007), adapted to features of the local building stock 

• ... 

color tags 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 



 Forms 
• urgent programming of the mobile application (Collector for ArcGIS) for field surveys 

• simplified acc. feedback from the field (characteristic damage to gable walls, roofs and chimneys) 

• ’’motivated’’ by COVID – 19 (limiting the epidemics spread – avoiding unnecessary contacts) 

• ... 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 



 COVID-19 
• after first week assessment were paused for 5 days  COVID-19 

• data on the sick and self-isolated persons  COVID-19 

• experienced (’’older’’) experts were afraid of pandemic 

• many engineers and specialist specialists from other parts of Croatia and 
neighboring countries were unable to come to Zagreb to provide assistance  

 

 

 

 

 

 

 

 

 

 

 

 

 

Total number of infected people (Zagreb / Croatia) 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 

damage assessments 



 COVID-19 
• after first week assessment were paused for 5 days  COVID-19 

• data on the sick and self-isolated persons  COVID-19 

• experienced (’’older’’) experts were afraid of pandemic 

• many engineers and specialist specialists from other parts of Croatia and 
neighboring countries were unable to come to Zagreb to provide assistance  

• 150 experts were serologically tested (3 of them were positive – 2%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 

lockdown 

Newly infected (Zagreb / Croatia) 



 Unexpected difficulties: 
• double-reported inspection requests  

• reaction of residents (not familiar with the methods of inspections) 

• residents choosed to stay home even when the building was red-tagged 

• conflicting and confusing information reported by the media 

• shortage of protective equipment on the market 

• closed borders and a ban on movement outside the place of residence 

• enabling linkages with all relevant institutions taking part in the post-earthquake activities 

• adaptations of the GIS based database to various needs (only database for a long time)  

• ... 

 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 



POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 



historic centre 
(affected the most) 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 



www.hcpi.hr  

UNUSABLE DUE TO EXTERNAL RISKS 

UNUSABLE DUE TO DAMAGE

TEMPORARILY UNUSABLE AND 
REQUIRING A MORE DETAILED 
INSPECTION

TEMPORARILY UNUSABLE BUT CAN 
BECOME USABLE WITH SUGGESTED 
SHORT-TERM COUNTERMEASURES 

USABLE WITHOUT LIMITATIONS 

USABLE WITH A RECOMMENDATION 
FOR SHORT-TERM COUNTERMEASURE 

POST-EARTHQUAKE DAMAGE ASSESSMENT OF BUILDINGS 

TEMPORARILY 
USABLE 

UNUSABLE 

USABLE 

http://www.hcpi.hr/


Other activities 

 URGENT PROGRAM OF POST-EARTHQUAKE RECONSTRUCTION: manual 

www.hcpi.hr/UPPO/  

expert group of 23 people 

“live” version  
(continuous updating) 

http://www.hcpi.hr/UPPO/


28 

Other activities 



Other activities 



Other activities 



Lessons learned 

 small ’’slap’’ (lesson) for Croatia  

 key is contionuos raising/maintaining of seismic risk awereness 
• citizens, media, profession, politics, ... 

• procedures (prepare all in advance) 

• contionus work (’’fight’’), investments, ... 

• energy efficiency (together?) 

• ... 

 preparedness (knowledge transfer, education, exercises, ...)  

• minimum preparedness for COVID-19 (used to improvisation?) 

 deal with the ’’sins’’ of the past in advance 

 PLATFORM FOR EARTHQUAKE ENGINEERING !!! 

• connecting all – our best hope 

 

 COVID-19 /seismic risk awereness (new EQ, other city?) 
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Josip Atalić atalic@grad.hr 
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