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The 2013 European
Seismic Hazard Map
IS not an European
Seismic Zonation
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Seismic Zones
(Ground Acceleration)

Zone 0 = 0.0g

- Zone 1 =0.075g

Zone 2A = 0.15g A Seismic Zones have to be defined at

Zone 2B = 0.20g the country level by :legislators
[ zone 3 =0.308 engineers, practitioners
[ zone 4= 0.0 A National Annexes

A Zonation is country specific
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A Overview of the SHARE Project

A The new European Seismic Hazard Model (the 2013
ESHM) elements:
A Datasets
A Seismic sources
A Ground Motion
A Output

A The 2013 ESH feedback to EC8
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SHARE Project: Overview

BUILDING CAPACITIES FOR ELABORATION OF NDPs AND NAs
OF THE EUROCODES IN THE BALKAN REGION

4-5 November 2014, Skopje



Commission

European Seismic Hazard o
Models 1 The Evolution 7

[ Y —— T g oo v
EUROPEAN-MEDITERRANEAN SEISMIC HAZARD MAP

e ¥ o o

.-
SEVENTH FRAMEWORK
PROGRAMME

GEHAP [2003 ] SHARE
11996]

BUILDING CAPACITIES FOR ELABORATION OF
OF THE EUROCODES IN THE BALKAN REGION

NDPs AND NAs

4-5 November 2014, Skopje



European |
Commission

SHARE Project: 2009 to 2013

A Collaborative Effort

A Harmonize hazard assessment
across national borders

A On datalevel, modelling level
and procedural level

A Create a community -based
time -independent (rock)
reference hazard model for the
Euro - Mediterranean region

A Keep close connection to
engineering requirements of
EC8 and its future revision

SEVENTH FRAMEWORK
PROGRAMME
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Engineering Requirements | e
A Seismic Hazard Maps for six mean return periods:

50 7 100 7 475 7 975 1 2475 1 5000
A Hazard curves and Uniform Hazard Spectra————————=z==
A Disaggregation Ao :

A Mean, Median and Quantile
(5%, 15%, 85%,95%)

=
I

al Acceleration / [g]
) =)

Spectr:

&
N g-‘
L
<

in 50y

Probability of Exceedance

BUILDING CAPACITIES FOR ELABORATION OF NDPs AND NAs
OF THE EUROCODES IN THE BALKAN REGION

4-5 November 2014, Skopje

L L
0.01 01 1



. European
Collaborative Framework B .

wez

SEVENTN FRAMEWORK

Aequirements

. wez
Seismic source zones
Earthquake probabilities

‘ | Dpdate Datasets ~ ~— | “Reviss Sowrce Models & ¢
] Revive Sowrce Models &
u"d""so"“'k‘.‘ s | | Revive Source Models & : I Weighting :
Revise Source Mode
, " - 1 'l Waesghting P "
' Adjust GMPE Logic-Tree | ]
Data and Source [ V- P —— C e o ampyemn - - - e 4 !
Modbel Preparation

’ '
Workshops ' ’
. L]
M-mengl " Review Meeting 2: Review Meeting 3 \

- Sarad Modal Final Hazard Model
(e ey Mo e Mot o = A
GMPE Preparation T T T
Workshops
mm SHARE Partickpant and SHARE Particysant and
Exvermal Expert Feedback External Expert Feedback Exvernal Expert Feedback
SHARE Expert and
External Expert Feedback
June 2009 March 2012 Sept. 2012 Nov. 2012 March 2013
I |

I Data : 1st Model : 2" Model : 3rd Model

Final Model
' Preparation




Regional Integration and o
Cooperation

) GEM

GLOBAL EARTHQUAKE MODEL
working together to assess risk
ﬁ ,» r X o \3

L e e

A Regional Harmonization and Integration:

A Earthquake Hazard Model for Middle East - EMME
A Earthquake Hazard Model for Central Asia i EMCA
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Transparency B o

A All steps of the seismic hazard assessment have

to be:

A Validated

A Benchmarked

A Reproducible OPENQUAKE

( calculate share explore

“‘Easy Review” Box “‘Black Box”

| Assumptions :

i S Hazard

! . Software

. Interpretations
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Avallability

. European Seismological Commission 4} Project no. 362: SESAME

EUROPEAN-MEDITERRANEAN SEISMIC HAZARD MAP

Editors: D, Giardini, M. J. Siménez and G, Grinthal

Introducing EFEHR Seismic Hazard Exposure & Vulnerability | Seismic Risk | Web Service Documentation ‘
Public Space >> Introducing EFEHR

Seismic Hazard Risk

Introducing EFEHR Welcome to EFEHR - the European Facility for Earthquake Hazard & %

Seismic Risk ) ) ) e SRR
EFEHR is designed as a sustainable community resource for European —_ G

Earthquake Hazard and Risk. The EFEHR web platform provides access to
Contributing Projects data, models, tools and expertise relevant for assessment of seismic
hazard and risk in Europe. EFEMR is hosted at ETH Zurich, in close
collaboration with EUCENTRE Pavia, and sponsored by the EU FP7 project NERA

NERA (2010-2014).
Work in Progress

Exposure & Vulnerability

Contact us

EFEHR is also the European regional center for the Global Earthquake
The EFEHR portalis currently being Model initiative GEM, and will be developed as one of the thematic | GEM @) Epﬂs
papulated and updated. services for seismology in the European Plate Observation System EPOS el -4
Seismic hazard results from the infrastructure.
SHARE project are avallable.
Seismic Risk and Exposure & Using an interactive data portal and web-services, EFEHR provides
Vulnerability content will be provided expertise and background information as well as access to datz and
in Q3 2013. products on seismic hazard, the earthquake related vulnerability and
fragility of buildings, and seismic risk.

European Facility for Earthquake Hazard and Risk:
www.efehr.org
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Stability BE

1. Provide assurance that the numerical
hazard results will be stable for the next
years (5 -10 years)

2. Unless significant new seismic information,
which could occur at any time, calls for a
major revision

GLOBAL SEISMIC HAZARD MAP
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The 2013 - European
Seismic Hazard Model -

ESHM 13 . Datasets
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Datasets Harmonization
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Homogeneous

Earthquake
Catalogue

Datasets Harmonization
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The European Database of Seismogenic Faults
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s T Map of
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| | Seilsmogenic
Faul ts
In Balkans

More than 68,000
kilometers representing
about 1200 mapped active
faults were compiled in the
new European Database of

Seismogenic Faults.

g,
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. > Share Faults
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Datasets Harmonization

A) AS-model: . B) AS-model: o
— = .’..ﬁ\ Largest Mmax
L= & h P
i by b ° - g e

Smallest Mmax

Mmax s T o— Weighted Mmax
50 60 70 80 90 60 65 70 75 8.0
BUILDING CAPACITIES FOR ELABORATION OF NDPs AND NAs
OF THE EUROCODES IN THE BALKAN REGION MaXImum Magnltude

4-5 November 2014, Skopje



. . European
Datasets Harmonization B .

[Mmax model | |Weights |
Largest Mobs Mmax b 6.0 0.5
Non-extend. value for all distribution ! 6.2 0.2
crust the anchored to the 6.4 0.2
superzones largest Mobs r 6.6 0.1
! SCR
Largest Mobs Mmax p 6.5 0.5
L Value for all [  distribution ' 6.7 0.2
Bxtend. crust the anchored to the 6.9 0.2
superzones largest Mobs i 7.1 0.1
Design of superzones
(geometry and type)
Mobs 0.5

. . MiNiMUM | M0Obs in the Mobs + 0.2 0.2

b [
Active reglons Mobs = 6.5 superzones g Mobs + 0.4 0.2
' Mobs + 0.6 0.1
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Mw - Rrup scatters of ground motions in terms of EC8 site
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NDPs AND NAs

Datasets

A ECS8-A records display a gap
between 5.0<Mw<6.0.

A Mw-Rrup scatters of EC8 -B
and ECS8 -C records have
similar distributions for
3.5<Mw<8.0and Rrup>10
km

A ECS8-D records are loosely
distributed between 10
km< Rrup <200 km with a
shift towards larger distances
for large magnitude records.

Ground Motion
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ESHM13: Main Elements
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Elements of Probabilistic

Seismic Hazard
A Earthquake Rate Forecasts:
A Area Source
A Fault Source
A Smoothed Seismicity

A Ground Motion Models

A Expert Elicitation
A Data Driven

Peak Acceleration
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Uncertainties: Logic Tree B

Akkar & Bommer (2010)

/" Cauzzi & Faccioli (2008)
Active -
Zhao et al. (2006)
Chiou & Youngs (2008)

Akkar & Bommer (2010)

Cauzzi & Faccioli (2008)

Chiou & Youngs (2008)

Champbell et al (2003) «
Toro et al (2002)

m Toro et al (2002)
\_ Champbell et al (2003)

Atkinson and Boore (2003)

Lin and Lee (2008)
Interface -
Young et al 1997
w [ Zhao et al (2006)

As Model

ESHM13 Fs Model

SEIFA Model

Zhao et al (2006)

Young et al 1997

Lin and Lee (2008)
Atkinson and Boore (2003)
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Elements of Probabilistic o
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Seismic Hazard
A Earthquake Rupture Forecasts:
A Area Source
A Fault Source Area source
A Smoothed Seismicity |

Fault Source/ -

Subduction

Backgro: nd Zone

,
Kernel Smoothing /\ I
. _
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Area Source Assumptions . P

A Sources depict zones of equal seismic activity
that is distributed homogeneously within the zone

A Delineation can be based on
A Large scale tectonics
A Geology
A Geomorphology
A Seismicity
A Combinations
A Critical points:
A Zonation is generally based on expert opinion

A Polygons usually are not characterized with an
uncertainty
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Earthquake Rates Estimation B o

Maximum Likelihood Estimate (Aki, 1965)
Extension to time -varying completeness Source | GRASS71

10— |

(Weichert , 1980, Kijko ,2012) [ 4 cmrwp

O on-Cum.
Penalized Maximum Likelihood (PML) N |08 805 |
method ( Johnstons , 1994; Coppersmith, 10° P3SN T Weighted Mean FMD__ |

To o

To

A Bayesian procedure %101: _____________________
A Prior forb -value needed g | o a ]
A Considers completeness _time history _2 ) ISR AU M

A Treat Sparse data E O o AN T
A Developed and used in CEUS for NPPs =2 A R N I

Magnitude
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Activity Rates I

CHAS089
S T T T

I T
Weighted Mean FMD
1 === 15% and 85% Precentile
] 2.5% and 97.5% Pracentile |]
Single Solution FMD
Incremental FMD
Cumulative FMD

Annual Number of Events

i
4.5 5

55 6
Magnitude

Uncertainty
Spare earthquake data

Completeness assessment
Statistics

Entire catalog: more than 30000 events
De-clustered catalog: 13919 events
De-clustered and complete catalog: >
45% (or 196) of
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Faults + Background Sources

A Background zone:
A Includes an entire fault network or system

A Within one zone, all fault sources are completely
identified!

A Polygons cannot cut across a fault

A Seismicity is generated by the mapped faults

A Entire accumulated moment is released
seismically!
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Earthqguake Rates from Geologic Info

A Key parameters
A Slip rate

A Fault source length and aspect ratio
A Maximum magnitude

A Assumption that fault slips entirely seismically

°a 6é§ ) - (/)M 5)
TR A

Anderson &  Luco , 1983; Bungum , 2007

1O: Or

N (M) =

O
IO Oz
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