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Introduction and background 

 

 Recent earthquakes with high number of casualties and enormous devastation proved 

that the hazard of natural disasters should not be neglected. Preventive approaches have 

received greater attention recently. Research in earthquake hazard mitigation has focused on 

evaluating possible damage scenarios for different magnitude events (Luco et al 2007; 

Committee on National Earthquake Resilience 2011). Two widely different approaches exist; 

one considers the effect of previous earthquakes, listing the damaged buildings and casualties. 

The other offers a method to evaluate possible damages prior to an event. The latter method 

facilitates prevention by gathering information about the state of the building stock and the 

expected damages, so the authorities can strengthen the most vulnerable buildings in order to 

mitigate risk.  

 The challenge with this method is that many uncertainties must be taken into 

consideration. In order to determine earthquake risk within towns a fast and simple method 

should be developed. Otherwise it would be very time-consuming and require too much expert 

participation. The steps are the following:  

• determine the hazard and the expectance of an earthquake, 

• assess building stock. 

With given input parameters of subsoil and PGA (peak ground acceleration) and the examined 

vulnerability, the damage based on building classes can be obtained, and earthquake scenarios 

can be derived. The vulnerability increases with extending urban areas. To reduce the potential 

damage, a comprehensive assessment of the seismic risk followed by a package of relevant 

remedial measures is needed. Earthquake risk can be assessed as: 

RISK = HAZARD × VULNERABILTY 

The “multiplication” should be considered a convolution of two large sets of data: the 

earthquake hazard data which describes the intensity and probability of an earthquake event 

and the vulnerability data that estimate the performance of a variety of building types to 

different levels of seismic loading. The risk is then the proportion of buildings that are likely to 

fail (considered as collapse, structural damage, or loss of operation). 

 This concept is suitable even in Hungary. Here there are about 100-120 smaller 

earthquakes per year; which are below the perceptible level, and 4-5 perceptible earthquakes 

per year (Earthquake Information System / www.foldrenges.hu). Earthquakes with a greater 

effect, causing structural damages can be expected every 15-20 years, and in 40-50 years major 
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earthquakes with high economic and social effects. With this earthquake hazard level, Hungary 

ranks with the medium-hazardous countries. Hungary has experienced destructive earthquakes 

in the past, most significant was the event of 1763 in Komárom (Varga, 2014) with estimated 

intensity of IX, and an intensity of VII-VIII in Győr according to European Macroseismic Scale. 

Although such events are very rare, their intensity is comparable to the major earthquakes such 

Northridge earthquake (California 1994) with an intensity of IX according to Modified Mercalli 

Intensity Scale (Southern California Earthquake Center, 2001) 

 Scientist around the world have made a great effort concerning seismic hazard 

assessment, vulnerability evaluation and risk management in order to mitigate the consequences 

of a possible earthquake. Several projects have been funded by the European Commission in 

order to evaluate seismic hazard, vulnerability and risk across Europe. These topics have 

become more important in the last 10 to 20 years. Ongoing projects (NERIES, 2006-2010)  

(SYNER-G, 2009-2012) emphasize that this is a topic the research community works on 

worldwide. The next quote clearly states the importance of the work in seismic risk assessment: 

“The fundamental role of the seismic risk assessment for the society is to provide all the 

information for each community or organizations to support the risk mitigation decision-

making. These decisions are generally related to the likelihood and significance of structural 

collapse to the life-safety or business interruption. Hence a high risk of structural collapse is 

not accepted by the current standards and there are various methods available for making 

decisions to reduce that risk.” (ETH Zurich, 2013) 

 The results of seismic hazard assessments are further used by engineers to appropriately 

design any type of building, thus the results are widely used and important information. Taking 

into account the Hungarian situation according to seismic risk the other major issue is related 

to the built environment. It is important to note that a greater part of Hungarian buildings were 

not designed to resist earthquake loads. The first buildings to be designed taking into account 

the seismic loads were the large panel cast buildings in the seventies. The rest of the buildings 

of this era and earlier were designed only to resist wind load. It is obvious that the seismic 

hazard, vulnerability and earthquake risk is underestimated by both engineers and authorities 

or not properly quantified. 

 It is high time for Hungarian scientist and engineers to determine the seismic risk of 

those major cities, which have experienced destroying earthquakes in the past. In Hungary, the 

goal should be the reduction of the expected damage during an earthquake. This provides an 

economic motivation for funding and executing seismic engineering research.  
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1. Objectives and motivation 

 

 Determining the earthquake risk of buildings in a town or settlement has lately become 

a more prominent issue. The process can provide important data for governments, authorities, 

disaster management and insurance companies to better understand risks to many buildings and 

engineering systems rather than a single building. By this assessment process they can make 

better decisions about remedial actions, insurance underwriting, and evacuation and rescue. 

 This research addresses the rapid evaluation of a large number of similar buildings in 

the area of Győr. The steps involve determination of the hazard, assessing building stock, and 

computing vulnerability with different methods.  

 Objectives concerning the research are: 

• review the literature concerning seismic hazard, vulnerability and earthquake risk 

assessment; 

• review the geographical, geomorphological and tectonic formation of the investigated 

territory; 

• review the development of the city and the typical building construction periods; 

• develop data collection and validation procedure in a very specific Hungarian context; 

• collect data about the soil profile of Győr in order to determine the seismic hazard of 

the town; 

• collect data about the building stock of Győr in order to determine the vulnerability of 

the buildings; 

• analyze data of soil parameters to define the effect of local soil profile; 

• develop the method for seismic risk analysis of a town, taking into account local soil 

effects and behavior of the buildings;  

• analyze data of building to determine the vulnerability; 

• perform the zonation of the appointed area of research; 

• evaluate the seismic risk of the selected building stock. 

 In order to achieve the goals of the research it was necessary to build up a method to 

fulfill the requirements of being accurate enough but reach the aims within an acceptable period 

of time using little resources. Compared to other methods, it should give a more accurate 

overview of the local site effects and should take into account the factors that contribute to the 

dynamic properties of the buildings.  
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2. Research methodology 

 

 In order to be able to determine the earthquake hazard of the area, the vulnerability of 

the buildings and the earthquake risk of the city a huge database is needed. Concerning data 

collection two very important expectations had to be fulfilled: the data should be accurate 

suitable for the given goals within an acceptable period of time nevertheless using low budget. 

One goal of the research was to develop the method of data collection that fulfills the above 

requirement in order to give a reproducible chain of process for risk analysis.  

 Firstly I have reviewed the literature concerning seismic hazard, vulnerability and 

earthquake risk assessment and compared my outcomes with results published in literature. The 

literature overview is presented in Chapter 2 and Chapter 3. 

 Secondly I studied the area of research more closely. On one hand I get acquainted with 

the geologic formation, the tectonics and geomorphology of the area and compared with the 

results from soil profile assessment. On the other hand I gathered information on the built 

environment to be able to determine the most used construction methods in the town 

furthermore the age and extension of different building types in different districts of the town. 

These formed the base of the preparation of the checklist and further investigation (Chapter 4). 

 

  A great part of the work has been in processing the data and in determining and 

performing validation. I performed MASW measurements to determine the vs (shear wave 

velocity) profiles of the various soil types in and around Győr. I processed CPT data based on 

Wair et al (2012) to obtain vs profile of the sites. I compared MASW results to CPT results. 

The correlations were very good. Based on measured vs data I determined baseline vs values for 

soil types in Győr. I used a regression technique to determine the variation of vs parameters 

with depth. Using three different methods, I determined the vs profile for each set of borings 

and compared them to the measured data. Finally, I was able to determine a pattern of soil layer 

distribution and delineate several different soil zones for Győr. Based on the zoning, I 
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performed one dimensional site response analysis and compared the result to the standards of 

EC8. I was able to differentiate between levels of hazard concerning Győr even though almost 

all territory of Győr belongs to soil category C based on EC8. This is presented in Chapter 6. 

 Another part of the work has dealt with built environment placing emphasis on 

residential and public buildings. I developed a checklist and with the help of trained staff we 

collected structural data from more than 5000 buildings, based on screening methods. The 

buildings were scored to assess their seismic vulnerability. I carried out more detailed push over 

analyses of typical buildings to compare to the score assignment results. Based on building 

vulnerability properties I divided the city district further into smaller zones (Chapter 7). 

 Finally I evaluated the overall seismic risk of the designated area based on different 

scenarios. Two maps, one depicting seismic hazard, the other displaying building vulnerability 

were overlaid resulting in a detailed zonation of seismic risk (Chapter 8). Based on this 

visualization, engineers can better plan to make improvements to infrastructure, determine 

insurance rates for protection, and plan for emergency activities in case of  a seismic event. 

 The research methods consisted of: 

• Hazard activities 
o collecting historical soil data throughout Győr; 
o processing and validating historical soil data with present day information; 
o measuring soil shear wave velocity at selected locations; 
o extending shear wave velocity estimates throughout the city by correlating 

measured data to historical data; 
o modeling site response by one dimensional response analysis; 
o comparing response analysis to code (EC8) profiles; 
o using site response analysis to determine seismic demand; 

• Vulnerability activities 
o designing methods to collect building data then actually collecting it; 
o processing and validating building data; 
o analyzing typical buildings to generate vulnerability functions; 

• Risk activities 
o comparing seismic demand to vulnerability to determine risk; 
o mapping risk for different areas of the city and scenarios. 

 My overall goal was to develop and evaluate a method for seismic risk analysis. This 

implied the processes and necessary data for completing the analysis.  

 I developed skills concerning field seismic testing and software implementation during 

the research. I prepared papers about the research and had presentations at international 

conferences.  I organized a workshop for undergraduate students dealing with dynamic analysis 

of structures and soil as well as building assessment for seismic performance.  
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3. New scientific results 

3.1. Thesis I (Chapter 6) 

I determined and mapped the local soil effect for seismic hazard determination in the area of 

Győr. 

 Thesis I/a 

I determined the shear wave velocity profiles for different soil categories in Győr using MASW. 

 

 Thesis I/b 

I correlated the measured MASW data to CPT and soil boring data and developed empirical 

relationships between soil types, soil depth and shear wave velocity. 
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 Thesis I/c 

Using the correlations I was able to create a soil profile map for the Győr area. 

 

 Thesis I/d 

I performed seismic site response analysis for 15 different averaged soil profiles. Based on the 

response analyses, I was able to differentiate between regions of the city.  
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 Thesis I/e 

Even though the soil in the city area is classified as soil type C according to EC8, I determined 

that the hazard is not uniform. 

 

3.2. Thesis II (Chapter 7) 

I performed building vulnerability assessment for the designated area.  

 Thesis II/a 

I defined a simplified methodology for rapid evaluation of dynamic analysis of buildings and 

created a checklist. Based on the checklist I led the evaluation of more than 5000 buildings in 

area of Győr.  
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 Thesis II/b 

I determined the vulnerability of the building stock based on score assignment. 

 

 Thesis II/c 

I determined the vulnerability of masonry and reinforced concrete buildings typical to Győr by 

several pushover methods. 

. 
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 Thesis II/d 

I delineated the zones for the designated area with different seismic vulnerability. 

 

3.3. Thesis III (Chapter 8) 

I designed the method for seismic risk analysis using a rapid assessment method based on 

available data with limited resources. I demonstrated the feasibility of performing the analysis 

using only public domain software. 

 Thesis III/a 

I delineated the zones for the designated area with different seismic hazard.. 
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 Thesis III/b 

I determined the districts with different vulnerability level of the buildings. 

 

 Thesis III/c 

I applied the risk assessment methodology over discrete areas making it ideal for GIS 

implementation. The method is directly applicable to other towns in Hungary.  
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Conclusion 

 

The research gives a good overview about seismic hazard of the city, the vulnerability of 

the building stock and the seismic risk concerning the designated area. The area is considered 

a moderate earthquake risk with past events estimated up to M=6.5. It is a typical situation for 

many cities in Hungary and throughout Europe where the seismic hazard is not great, but cannot 

be ignored.  

In order to make the best use of limited resources, this methodology used existing soil data, 

rapid visual building assessment, a limited number of field tests and free, but sophisticated 

software. Estimates of seismic risk were computed using seismic hazard results and building 

vulnerability functions. As one would expect, since the hazards and vulnerabilities were not 

uniformly distributed around Győr, there were zones of higher and lower risk. 

The results can be directly applied into development plans, emergency planning, insurance 

calculation, etc. The method developed for Hungarian context can be directly used to evaluate 

the earthquake risk of other cities.  The research can be even carried on to determine the 

earthquake risk of the whole city of Győr. 

The results of site response analysis reveals the fact, that in areas with diverse soil 

conditions, especially in case of alluvium further analysis is needed for creating elastic response 

spectrum for design purposes. 

 

Future work related to this research is recommended in several directions: 

• Seismic risk of the whole city could be performed based on the methodology. 

• Societal and economical aspects could be incorporated to be able to estimate the cost of 

the different events.  

• The seismic risk analysis of infrastructures could be evaluated, because damages of this 

structures can have an effect on the buildings. 

 Based on detailed building analysis, further simplifications could be implemented concerning 

visual screening, which does not worsen the results, in order to reduce the man-hours needed 

for field survey. 
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