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Outline

•Seismology: theory and events behind
•Seismic activity of the Middle East and Europe
•Earthquake hazard assesment
•Seismic codes and base isolation



Global seismology



Global seismology

Test bean Treates



Number of seismologic stations throughout the world
1921 - 2013

International Seismological Centre -

International Registry of Seismograph Stations 

(IR)

Number of registered stations ~ 19 000 

pcs

Digitized data base from ~ 1960

The number of seismic 

observatories incl. is about 340

Global seismology



The joy of being a seismologist comes to you, when you find something new about the earth’s
interior from the observation of seismic waves obtained on the surface, and realize that you 
did it without penetrating the earth or ouching or examining it directly.”

• approx. 50 felt earthquakes/day
• approx. ~10 worldwide registered /day
• approx. 20 000 seismological stations

Global seismology



Seismic/Eruption
Alan Jones, State University of New York at Binghamton

Global seismology



ISC 2011

ISC 1960-2011

Global seismology
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Seismology of Europe and the Middle East

Source: 
National Geophysical Data Center / World Data Service 
(NGDC/WDS) Significant Earthquake Database



Seismology of Europe and the Middle East

Greece

Iran

Italy

Russia

Turkey

Pakistan



Seismology of Europe and the Middle East

Algeria

Russia

Italy

Russia

Turkey
Armenia

Iran

Pakistan

Italy

Turkey Armenia

Iran

Total: 346 000

Total: 130 B USD



Cliche against feeling remorse?

Earthquakes don’t kill people, buildings do. (Charles Richter?)



Seismology of Europe and the Middle East

The possible effects of earthquakes depend on:

•Seismicity
•Population density of areas hit by the earthquakes
•Quality of buildings
•Secondary effects (Fukushima)
•Other effects (tsunamis, landslides )



Seismology of Europe and the Middle East

The possible effects of earthquakes depend on:

•Seismicity — seismic hazard analysis
•Population density of areas hit by the earthquakes — conditions?  
•Quality of buildings — seismic hazard calculations and design
•Secondary effects (industrial facilities, Fukushima) — seismic hazard
calculations and design
•Other effects (tsunamis, landslides) — seismic hazard calculations and design



Seismology of Europe and the Middle East

The possible effects of earthquakes depend on:

•Seismicity — seismic hazard analysis
•Population density of areas hit by the earthquakes — conditions?  
•Quality of buildings — seismic hazard calculations and design
•Secondary effects (Fukushima) — seismic hazard calculations and design
•Other effects (tsunamis, landslides) — seismic hazard calculations and design

Risk Hazard



Seismology of Europe and the Middle East
Predictions of earthquakes? 

Importance of good design !!!



Seismic Codes

Calculation of earthquake hazard!

Definition  of source zones
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Calculation of earthquake hazard!

Definition of source zones
Magnitude – frequency equations 



Seismic Codes

Calculation of earthquake hazard!

Definition of source zones
Magnitude – frequency equations 

Logic tree representation of uncertain parameters



Seismic Codes

Calculation of earthquake hazard!

Definition of source zones
Magnitude – frequency equations Logic tree representation of uncertain parameters

Hazard maps — the base of seismic zone definitions



Linear elastic case Non-linear response of a structure

Seismic Codes

Response spectra — normalized sesimic loads for 
modal calculations 



Linear elastic case Non-linear response of a structure

Seismic Codes

Response spectra — normalized sesimic loads for 
modal calculations 

behaviour factor



Non-linear response of a structure

behaviour factor

Value of q ~ 1-5
Depends on:

•material,
•structural system,
•design procedures.

Seismic Codes



„Tuning the structure”

T Teff

Modifying the damping factor

ξ ξeff

Linear elastic case Effects of base isolation

Seismic Codes

Response spectra — normalized sesimic loads for
modal calculations

damping correction factor viscous damping ratio

T Teff



Seismic Codes

Response spectra — normalized sesimic loads for
modal calculations

T Teff

Reduce the effect of quakes on

•Non structural elements

•Equipments

„Tuning the structure”

T Teff

Modifying the damping factor

ξ ξeff

Effects of base isolation



Seismic Codes

UBC 1997



Seismic Codes

Draft
Seismic Isolation Specification

Turkish Association for Seismic 
Isolation

1999 Kocaeli earthquake

Turkish Code 1997



Seismic Codes

Georgia Code 1999



Seismic Codes

Iranian Code 1999

Adoptation?

No data:  Pakistan, Armenia etc.

Algerian Code 2003

Source: http://www.iaee.or.jp/worldlist.html



Seismic Codes

Last notice …



Thank You for your attention!


