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Seismicity  faults and earthquake generation Seismicity  faults and earthquake generation Seismicity, faults and earthquake generation Seismicity, faults and earthquake generation 

• Accumulation of stresses 

• Fault zone

• Reverse, normal and strike slip

• Energy release

• Wave propagation
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Seismicity  faults and earthquake generation Seismicity  faults and earthquake generation Seismicity, faults and earthquake generation Seismicity, faults and earthquake generation 

Lefkada Earthquake
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Seismic hazard  vulnerability and seismic risk Seismic hazard  vulnerability and seismic risk 

Seismic Hazard (SH): 
A property of an earthquake that can cause damage and loss Probabilistic Seismic

Seismic hazard, vulnerability and seismic risk Seismic hazard, vulnerability and seismic risk 

A property of an earthquake that can cause damage and loss. Probabilistic Seismic 
Hazard Analysis (PSHA) determines the frequency (i.e. the number of events per unit of 
time) with which a seismic hazard is expected to occur. Typically, the seismic hazard is 
calculated as a frequency that ‘a ground motion amplitude is greater than a specifiedcalculated as a frequency that a ground motion amplitude is greater than a specified 

value’.

Vulnerability (V):y ( )
The ‘sensitivity’ of a given structure under a seismic event. The probability that a structure 

will exhibit a specific level of damage under a given level of seismic forces

Seismic Risk (SR): 
A level of loss or damage related to a given set of structures that are exposed to a 

particular level of seismic hazard given their own vulnerability. 

Seismic Risk = Vulnerability * Seismic HazardSeismic Risk = Vulnerability * Seismic Hazard
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Seismicity  faults and earthquake generation Seismicity  faults and earthquake generation 

Seismicity

Seismicity, faults and earthquake generation Seismicity, faults and earthquake generation 

Seismicity
The seismic energy released in a 
given time window in a given area
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Seismic hazard  vulnerability and seismic risk Seismic hazard  vulnerability and seismic risk 

Seismic Hazard (SH): 
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Design SeismicDesign Seismic 
ActionsActions
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Seismic design & assessment flowchart Seismic design & assessment flowchart Seismic design & assessment flowchart Seismic design & assessment flowchart 
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Eurocode 8 parts Eurocode 8 parts Eurocode 8 parts Eurocode 8 parts 

* M. Fardis (2006), 1st European Conf. on Earthq. Eng. and Seismology
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Response spectra Response spectra Response spectra Response spectra 
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Response spectra Response spectra Response spectra Response spectra 

Depend on fault mechanism, epicentral distance, path and local site conditions
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Response spectra Response spectra Response spectra Response spectra 
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Response spectra Response spectra Response spectra Response spectra 

May well exceed seismic code prescribed spectra
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Response spectraResponse spectraResponse spectraResponse spectra

PGA = 0.42gPGA = 0.42g

Η πραγματική φασματική επιτάχυνση είναι δυνατόν να υπερβαίνει αυτή 
που προκύπτει από το φάσμα του Κανονισμού
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ρ φ μ μ
Acceleration Time Histories as recorded by the permanent
array of the Institute of Engineering Seismology and
Earthquake Resistant Structures (ITSAK).

Inelastic spectra derived for ductility factors μ=2,3 and 4 by
the main shock response spectrum
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Hellenic Seismic CodeHellenic Seismic CodeHellenic Seismic CodeHellenic Seismic Code

Seismic Zones for Greece Seismic Zones for Greece (200(20044))
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Hellenic Seismic CodeHellenic Seismic CodeHellenic Seismic CodeHellenic Seismic Code

TYPE 1 TYPE 2TYPE 1 TYPE 2
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Bulgarian Seismic CodeBulgarian Seismic CodeBulgarian Seismic CodeBulgarian Seismic Code
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Eurocode 8 Elastic Response Spectrum Eurocode 8 Elastic Response Spectrum Eurocode 8 Elastic Response Spectrum Eurocode 8 Elastic Response Spectrum 

DAMPING η

RC t t ( k d) 0 7 1 0%• Identical for both horizontal actions
• S = Soil factor 
• αg = design ground acceleration 

• RC structures (uncracked)                       0.7-1.0%
• RC Structures (fully cracked)                   1.0-4.0%
• RC Structures (fully cracked no yielding) 5.0-8.0%
• Prestressed concrete (uncracked) 0 4 0 7%• η = damping correction factor

• TB, TC, TD = corner periods
• Prestressed concrete (uncracked)           0.4-0.7%
• Lightly stressed concrete                         0.8-1.2%
• Composite                                               2.0-3.0%
• Steel 1 0-2 0%
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Eurocode 8 Elastic Response Spectrum: Eurocode 8 Elastic Response Spectrum: Two types of spectraEurocode 8 Elastic Response Spectrum: Eurocode 8 Elastic Response Spectrum: Two types of spectra

• Type 1:Type 1: For areas exposed to 
earthquakes with expected surface 

• Type 2:Type 2: For areas exposed to 
earthquakes with expected surface q p

wave magnitude Ms > 5.5
q p

wave magnitude Ms ≤ 5.5

* For 5% * For 5% 
damping damping 
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Eurocode 8 : Soil Classes  Importance & behaviour factor Eurocode 8 : Soil Classes  Importance & behaviour factor Eurocode 8 : Soil Classes, Importance & behaviour factor Eurocode 8 : Soil Classes, Importance & behaviour factor 
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Eurocode 8 Elastic Eurocode 8 Elastic VerticalVertical Response SpectrumResponse SpectrumEurocode 8 Elastic Eurocode 8 Elastic VerticalVertical Response SpectrumResponse Spectrum

• shape retained
3

• again Type 1Type 1 (Ms > 5.5) and Type 2Type 2 (Ms <= 5.5) 
distinction is made 
• but shape is not changing depending on thebut shape is not changing depending on the 
spectrum type neither on the soil conditions
• vertical PGA is lower than horizontal PGA
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Eurocode 8 Design Spectrum for Elastic AnalysisEurocode 8 Design Spectrum for Elastic AnalysisEurocode 8 Design Spectrum for Elastic AnalysisEurocode 8 Design Spectrum for Elastic Analysis

EN1998-1:2004   §3.2.2.5

“To avoid explicit inelastic structural analysis in design, the 
capacity of the structure to dissipate energy, through 
mainly ductile behaviour of its elements and/or other 
mechanisms, is taken into account by performing an performing an 
elastic analysiselastic analysis based on a response spectrumresponse spectrum D id bD id belastic analysiselastic analysis based on a response spectrum response spectrum 
reducedreduced with respect to the elastic one, hence forth called 
a ''design''design spectrum''.spectrum''. This reduction is accomplished by 

Devide by q = Devide by q = 
accept damageaccept damage

introducing the behaviour factor q”.
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Eurocode 8 Design Spectrum for Elastic AnalysisEurocode 8 Design Spectrum for Elastic AnalysisEurocode 8 Design Spectrum for Elastic AnalysisEurocode 8 Design Spectrum for Elastic Analysis
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Seismic design & assessment flowchart Seismic design & assessment flowchart Seismic design & assessment flowchart Seismic design & assessment flowchart 
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Eurocode 8 Alternative representation of Seismic ActionEurocode 8 Alternative representation of Seismic ActionEurocode 8 Alternative representation of Seismic ActionEurocode 8 Alternative representation of Seismic Action

Time History representation

• Accelerograms may be either artifficial or recordedeither artifficial or recorded
• The three componentsthree components are necessary
• Same accelerogram cannot be used simultaneously along both horizontalsimultaneously along both horizontal directions• Same accelerogram cannot be used simultaneously along both horizontalsimultaneously along both horizontal directions
• Duration should be consistent with the magnitudeDuration should be consistent with the magnitude of the earthquake (minimum 

duration is 10sec unless specific site response analysis is made)
• The suite of artificial accelerograms should observe the following rules:

(1) A minimum of 3 recordsminimum of 3 records is used(1) A minimum of 3 recordsminimum of 3 records is used
(2) The mean of the zero period spectralmean of the zero period spectral acceleration response (i.e. PGA) should not 

be less than αg*S for the specific site
(3) In the range of periods between 0.2T1 and 2T10.2T1 and 2T1, where T1 the fundamental period of 

the structure in the direction where the accelerogram will be applied: no value of the 
mean 5% damping elastic spectrum (as calculated by all time histories) should bemean 5% damping elastic spectrum (as calculated by all time histories) should be 
less than the 90%less than the 90% of the corresponding value that would have been derived using 
the 5% damping elastic response spectrum
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U S  International Building CodeU S  International Building Code (2006)(2006) -- ASCE ASCE standard 7standard 7U.S. International Building CodeU.S. International Building Code (2006)(2006) -- ASCE ASCE standard 7standard 7
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U S  International Building CodeU S  International Building Code (2006)(2006) σεσε συνδυασμόσυνδυασμό μεμε ASCE standard 7ASCE standard 7U.S. International Building CodeU.S. International Building Code (2006)(2006) σεσε συνδυασμόσυνδυασμό μεμε ASCE standard 7ASCE standard 7

Spectral Amplification Factors Fa & Fv (for Τ=0.2 & T=1sec)
Function of soil condition and earthquake intensity

TYPE 2TYPE 2
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U S  International Building CodeU S  International Building Code (2006)(2006) -- ASCE ASCE standard 7standard 7U.S. International Building CodeU.S. International Building Code (2006)(2006) -- ASCE ASCE standard 7standard 7
Soil categories

TYPE 2TYPE 2
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U S  International Building CodeU S  International Building Code (2006)(2006) σεσε συνδυασμόσυνδυασμό μεμε ASCE standard 7ASCE standard 7

Χάρτης 1Χάρτης 1

U.S. International Building CodeU.S. International Building Code (2006)(2006) σεσε συνδυασμόσυνδυασμό μεμε ASCE standard 7ASCE standard 7
PGA (S1 για Τ=0.2sec)

TYPE 2TYPE 2
PGA (as % of g) for period 0.20.2secsec, soil Β 

and 5% damping

Values up to 200% g = 2g
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U S  Seismic Codes: FEMA 273U S  Seismic Codes: FEMA 273U.S. Seismic Codes: FEMA 273U.S. Seismic Codes: FEMA 273

B1 = damping Coefficient
SS = (Site Response CoefficientSSx1x1 = (Site Response Coefficient 
FFvv depending on soil conditions 

and seismicity) * (groundand seismicity)  (ground 
acceleration SS11 at T=1sec)

SSxsxs = (Site Response Coefficient 
FFa a depending on soil conditions 

and seismicity) * (ground 
acceleration SSss at T=0 sec)

TYPE 2TYPE 2

A i t l l ti i b th M it d d Sit d d t
Aristotle University Thessaloniki, Department of Civil Engineering, Structural Division

Again spectral acceleration is both Magnitude and Site dependent
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U S  Seismic CodesU S  Seismic CodesU.S. Seismic CodesU.S. Seismic Codes

TYPE 1 TYPE 2TYPE 1 TYPE 2
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Comparative study of Seismic CodesComparative study of Seismic CodesComparative study of Seismic CodesComparative study of Seismic Codes

TYPE 1 TYPE 2•Different PGA levelsTYPE 1 TYPE 2Different PGA levels
•Different Site Amplification

•Different Force reduction (behaviour) factors
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UncertaintiesUncertainties
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Selection of the design earthquake Selection of the design earthquake Selection of the design earthquake Selection of the design earthquake 

• Methods to select ‘realistic’‘realistic’ accelerationacceleration timetime historieshistories for the analysis in the time domain?y

• PossiblePossible sensitivitysensitivity of the structure in the selection process?

??• HowHow manymany accelerogramsaccelerograms??

• ScallingScalling??

• NaturalNatural oror artificialartificial accelerograms?

• DurationDuration της of earthquake input?DurationDuration της of earthquake input?

••SpatialSpatial variabilityvariability τof earthquake ground motion?
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Dynamic characteristics of the structure?Dynamic characteristics of the structure?

For both spectral analysis and time history analysis the dynamic characteristics 
of the structure play an important role. However, they depend on:

Dynamic characteristics of the structure?Dynamic characteristics of the structure?

Flexible soil and foundation (soilFlexible soil and foundation (soil-
structure interaction)

Yielding of R/C 
members and period 

l tielongation

• Fundamental period increases

• the modal participation factors are 
difi d

• the dynamic 
characteristics change in 
time

Aristotle University Thessaloniki, Department of Civil Engineering, Structural Division
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SoilSoil--structure interactionstructure interactionSoilSoil--structure interactionstructure interaction
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SoilSoil--structure interactionstructure interactionSoilSoil--structure interactionstructure interaction
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SoilSoil--structure interactionstructure interactionSoilSoil--structure interactionstructure interaction

1. Motion exhibits a significant rocking component.

2. Seismic excitation at the base of a structure founded on soft soil is
ff f f fgenerally different than the free field vibration as seismic waves are reflected

and refracted on the foundation hence, radiated back to the surrounding soil.

3 The fundamental period of the flexibly supported structure is expected to be3.The fundamental period of the flexibly supported structure is expected to be
higher

4. Once the structural period is shifted rightwards on the response spectrum4. Once the structural period is shifted rightwards on the response spectrum
the corresponding spectral acceleration is different.

5. Eigenmodes and modal participation factors are affected

6. An additional damping is introduced at the structure-soil interface.
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SoilSoil--structure interaction (EN 1998structure interaction (EN 1998--5)5)SoilSoil--structure interaction (EN 1998structure interaction (EN 1998--5)5)

Inertia forces developed in the structure
cause in turn displacements at the
foundation relative to the free fieldfoundation relative to the free field
(frequency dependent impedance – inertial
interaction)

Foundation is not able to follow the imposed
by soil displacement field hence seismicby soil displacement field, hence seismic
motion at the base of the structure is
different than that of the free field (kinematic
i t ti )interaction)

= Decoupling of kinematic & inertial interaction

Aristotle University Thessaloniki, Department of Civil Engineering, Structural Division

= Decoupling of kinematic & inertial interaction
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SoilSoil--structure interaction (EN 1998structure interaction (EN 1998--5)5)SoilSoil--structure interaction (EN 1998structure interaction (EN 1998--5)5)
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SoilSoil--structure interaction (EN 1998structure interaction (EN 1998--5)5)SoilSoil--structure interaction (EN 1998structure interaction (EN 1998--5)5)
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Angle of incidence? Which direction to excite along?Angle of incidence? Which direction to excite along?Angle of incidence? Which direction to excite along?Angle of incidence? Which direction to excite along?

Which is the critical 
angle of earthquakeangle of earthquake 
excitation for curved 
bridges or irregular 

buildings?
Sextos & Taskari (2007)

buildings?

Sextos, Kappos & Mergos (2004)

D tilit d d h thDuctility demand changes as the 
angle changes
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Sextos et al. (2005)
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Computational tools
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Strong Ground Motion Databases OnStrong Ground Motion Databases On--linelineStrong Ground Motion Databases OnStrong Ground Motion Databases On--lineline

http://www.isesd.cv.ic.ac.ukhttp://www.isesd.cv.ic.ac.ukpp

http://peer.berkeley.edu/smcat/http://peer.berkeley.edu/smcat/

http://www.khttp://www.k--net.bosai.go.jp/net.bosai.go.jp/

http://db.cosmoshttp://db.cosmos--eq.orgeq.org

http://folkworm.ceri.memphis.edu/http://folkworm.ceri.memphis.edu/
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Strong Ground Motion Translators OnStrong Ground Motion Translators On--line: line: www civilengineering grwww civilengineering grStrong Ground Motion Translators OnStrong Ground Motion Translators On--line: line: www.civilengineering.grwww.civilengineering.gr
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Signal Processing Signal Processing –– Freeware onFreeware on--line: line: www seismosoft comwww seismosoft comSignal Processing Signal Processing –– Freeware onFreeware on--line: line: www.seismosoft.comwww.seismosoft.com
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Finite Element software for the determination of action effectsFinite Element software for the determination of action effectsFinite Element software for the determination of action effectsFinite Element software for the determination of action effects
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Finite Element software for the determination of action effectsFinite Element software for the determination of action effectsFinite Element software for the determination of action effectsFinite Element software for the determination of action effects
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Finite Element software for the determination of action effectsFinite Element software for the determination of action effectsFinite Element software for the determination of action effectsFinite Element software for the determination of action effects
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A hybrid GIS/MobileA hybrid GIS/Mobile--Database Expert System for the assessment of buildingsDatabase Expert System for the assessment of buildingsA hybrid GIS/MobileA hybrid GIS/Mobile--Database Expert System for the assessment of buildingsDatabase Expert System for the assessment of buildings

Aristotle University Thessaloniki, Department of Civil Engineering, Structural DivisionSextos, Kappos and Stylianidis (2005)
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An Expert System for the assessment of SoilAn Expert System for the assessment of Soil--Structure interaction in buildingsStructure interaction in buildingsAn Expert System for the assessment of SoilAn Expert System for the assessment of Soil--Structure interaction in buildingsStructure interaction in buildings

Sextos & Katsanos (2006)
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Design SeismicDesign Seismic 
ActionsActions
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