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SERA Integrated Risk Model for Europe
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GLOBAL EARTHQUAKE MODEL
working together to assess risk
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European Facilities for Earthquake Hazard and Risk
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Services and Partners

. EFEHR Services
EFEHR aims to operate by 2019 six coordinated services for earthquake hazard and risk with a European
dimension. The Swiss Seismological Service at ETH Zurich is responsible for the connection among the

six partners. Qs EFEHR- Hazard Platform
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European Seismic Hazard and Risk Models (2020)
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ESHM20: Main input datasets

Greece

ESHM20
earthquake
catalogue
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ESHM20: Main input datasets

Greece

ESHM20
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PGA kot SA(0.2s) yia 475 £€tn o€ ouvOnKeg Bpaxou
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ESRM20 Exposure model : Ktiptako anoBepa otnv Eupwnn

145 Million Ktipla

JUVOALKO KOOTOC avTikatdotaong (Lovo Tto SoUKo cUoTNHA)
45-50 Trillion EUR, gk twv omoiwv 20% sivat Blopnxavika ktipta, 20% €UmopLlkwv
XPNoewv Kat To 60% KTipla KOTOLKLOG

YALkO Kataokeung: 57 % tolxormotia, 30% omALlopEvVo okupodEpa, 9% EVAVa, 4% AAAo
(HeTOALKA, KATT.)

Movo 10 15% TwvV KTLpiwv £XEL GUYXPOVO OLVILOELOMULKO OXESLOOMO, VW TO 55%
glval Pe xapunANg oTABUNG OVTLOELOULKO (N KAl XWPLC OVTLOELOULKO OXESLAOUO) KAl TO
30% He pEonG oTABUNG AVTLOELOULKO oXESLOOUO.
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KapumUAeg tpwtoTnTaC KTIPiwV OO ToLyomnotia

MUR_LWAL-DNO_H1 MUR-ADO_LWAL-DNO_H1

o o
(s3] =

Probability of Exceedance
&

Probability of Exceedance
=]
[4,]

04 4 0.4
03} 1 0.3
0.2 Slight damage 4 02+ Slight damage
e Moderate damage s Moderate damage
0.1 Extensive damage | 01k Extensive damage |
Complete damage =— Complete damage
0 : ; ; : 0 : : : g
0 1 2 3 4 5 0 1 2 3 4 5
Spectral Acceleration(T=0.3s) [g] Spectral Acceleration(T=0.3s) [g]

Martins and Silva (2020)
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ESRM20 MeBodoloyia ektipnonc twv ¢uoLKWV ANWAELWV

Exposure X Hazard X Vulnerability = Seismic Risk

Total built area per typology: * PGA Fragility Curves per Typology: _

A = Number of buildings x * Sa(0.3s) o _ Total Repair Cost = MDR x
Number of dwellings / building x * Sa(0.6s) a) P(=NO)=1-(P>Slight) Total Replacement Cost
Area / dwelling * Sa(ls) b) P(=Slight)=(P>Slight)-(P>Mod.)

c) P(=Mod.)=(P>Mod.)-(P>Ext.) Mean Damage Ratio
MDR= (P=Slight) x 0.05
Dwellings ~ Area (m?)/ d) P(=Ext.)=(P>Ext)-(P>Complete) (P=Slight) x *

(P=Mod) x 0.2 +
(P=Ext) x 0.6 +

/building  Dwelling e) P(=Complete)=(P= Complete)

1 storey 1 90
(P=Complete) x 1
2 storeys 1 90
3-5 storeys 4 85 Built area (m?) / typology / damage state. l
6+ storeys 28 80 Total Replacement

Cost
. 2
Replacement cost: 800 € / m - Total built area x

. replacement cost / m?2
=] SDGEE P / 12
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Greece : Ehpapuoyec

Edappoyn o 0An tnv EAANVIKA €TILKPATELD

‘EAeyxoc atlomiotioc otnv Oscoalovikn yLa Tov oelopo tou 1978

‘EAeyxoc atlomiotiog otnv ABrjva yLa to oglopo tou 1999

OpenQuake open-source software developed by GEM Foundation was used
Earthquake hazard (ESHM13) and risk modelling

e BY SDGEE
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@eoocalovikn: AfLoAdynon ylo tov oelopuo M6.4 tou 1978

Bl Earthquake 1978 study area
[ Census 2011 study area




Oeocoalovikn : Edadikec ouvOnkec (Vs30)

USGS slope-based Vs30 model

Vs,30 USGS (m/s)
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I 550- 711

Research Unit of Soil Dynamics and Geotechnical Earthquake Engineering

Measured Vs30 model
—___'( l,fl. .\"_
. ; l.
| 2 ™ Y | i
L Ag
s A
i L‘\H . g
CO I U e
e
i
I3
i
Measured Vs30 {m's)
— 1203- 380
361 - 549
I 550 - 800
B 501 - 936
.','--
: 3§ L e
._\_‘h-): o g “-.'\ 'g'
o ’k - 3
,(._"; i
]
L] 25 -] 10 £ 20 km




Oeoocalovikn: Ktiplako anddspa 1978

(a) Material (b) LLRS

MUR+CL29
8.896%

(c) Height (d) Ductility level

HBET:6+
38.38%

DUCL
63.99%

ical Earthquake Engineering
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O@eooalovikn: ZUYKPLON ME TIPOYUOTIKEC HETPROELC BAABWV

Comparison with actual damages:
Percentages of buildings per color tag

Post-earthquake
Damage State| Color tag Rupture Model Shakemap tagging (Kappos et
al., 2008)
No Damage
: Green 78.24% 92.2% 74.50%
Slight

Moderate | o jiow 14.55% 6.95% 19.10%
Extensive

43
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AfloAoynon otnv A. ATTiKi Kot To oslopo 5.9, 1999
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AvtikA Attikn: Edadikéc cuvOnNKeC

USGS Vs30 \
slope-based model iL'
Ve, 30 USGS [mis)
225 - 340

| 361 - 54w
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Avtiki Attikn: Ktiploko andBepa 1999

Exposure model

(a) Material (b) LLRS

5.933%

MUR+CL
10.02%

(c) Height (d) Ductility level

DUH

ical Earthquake Engineering



AvuTtikA ATtikn: ZUyKpLlon pe kotaypadEc Inuuwv M5.9, 1999

Comparison with actual damages:
Percentages of buildings per color tag

Post-earthquake
ta_gginlg [ESYE - |
Damage State| Color tag Rupture Model Shakemap Ngit:fl?cr;aofsz;artésetég’a
damage census,
1999]
No Damage
: Green 82.83% 83.65% 62.46%
Slight
Moderate
: Yellow 11.16% 13.10% 32.79%
Extensive

43
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Greece: Ktiplako anddspa

AplOOG
KTLplwv
aveéaptATou
XPNOEWG

SDGEE
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iINumber of building
[ lo-60
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0-6,508 : e jg =
[ 16,509-12,670 - , = Number of buildings | ./
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Greece: Ktiplako anobeua

(a) (B)
Masonry- clay or cancrete blocks (CL-CB)
2147 %
4
K'[[_p LOKO 1,600,000 Other (MATO)
1.88%
4
w1
anoBepa 81,200,000
= Masonry- stone (ST
9 17.62 % Wood (W) Concrete (CR)
) 0.49% Steel (S) >769%
wo 300,000 0.85%
& [
o [ N N ' yF = HEX:1
jai] s
= o8 e s w® o _ (v) 1960-1985 (DUCL)
= 400,000 o N m R mE N s S 242,53 %
3V 3V 2V 2V BV 3V BV JETT - Eﬁ%g—;ggsmucm}
. Ny '®'® ¥ N & & & HETT g
v
— wiooowm — W [ [ [}
Zle 288 &< e < -
ol = & w = = o O e
Eal = T = ] =) ] A
—_ = el W 5 (48 (=]
oo e A T 1996-2020 (DUCH) y
o 5 17.81 % before 1959 (DNQ)
& 25.62 %
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Greece: Ktiplako anobeua

Material/LLRS

I cr/LFINF

[ cr/LDUAL

I MCF+CLES/LWAL
I MUR+CLO9/LWAL
0 MUR+STS3/LWAL
I other

residential buildings
~_3-6b6

| 67-119
120-187

! 311-541

(4] 25 5

Ktipla
KOTOLKLWV

esidential buildings
179 -5,105
[15,106 - 10,266

Number of
residential buildings
|194- 3,208

| 13,209-7,191
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Greece: Ktiplako anobeua

(a)
HBET:6+ HEX:1
(B) 239% et
HBET:3,5---; '
1,600,000 1554%
, _
KaTolKLEC
La
21,200,000
(i} .
= 5 HEX:2
@ £ 3496%
5 300,000 .': 1960-1985 (DUL)
g 'rr &N & & & DUM —.....4% _ P MH\
S 400,000 o owomom WAL (y) | N
' §F 8 NN NN FE M = J
, /a/mmm. & other 2
== I A = - N = - e ﬁ
Spagpdsg 2 -
wvio o ow:nm =
+ ¥ I + * I = E
[ - e T T =
R 5 E g £
2 =22 1996-2020 (DUH)  pefore 1959 (DNO)
MAIN CONSTRUCTION MATERIAL 17.94 % 31.72 %
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Greece: Edadkec ouvOnkec (EC8-Vs30)

Site classification accorfing to EC8 (CEM,2004);

A Bpdyog ) dMog Bpoywng yewhoys oxnpamiopds nou nepiapfdaver o nokd 5 m
acBevé atepou enupaveraxol vlikol

B : AnoBéageig mohd mukvrg dppou, xakikwy, f okl oxhnprg apyilou, ndyous Touhdylotow

1 apretiw Sexdbwv pétpwy, pe Pabpuala Bedriwaon Twy payavikiow otfitwy pe 1o BdBgg-nn
C : BuBiéc amoBéoeig mukvig f petplwg mukvrg dupou, xodikwy fy okknphig apyihou mayoug
and &exabeg Ewe molég ekatoviades pétpuy 75

,30 (m/s) -
Site classification- EC8

[ 254-360(C)

1 V8,30 (m/s) - i
(Site classification- EC8)
]180-360(C) )
I 361 - 800 (B) .30 (m/s) - _
I =01-900 (A) Site classification- EC8
[ 254-360(C)
1 20°0'€ 22°0E 24°0'E 26°0'E 28°0'E B 361-722(8 = ,
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Greece: ZELOULKA EMKLVOUVOTNTA
PGA (Tm=475 £tn)

[ ]0.305-0.380
[ 0.381 - 0.460

I 0.461 - 0.565 [ lo3ss-0398-"

i ]
I 0.566 - 0.807 [o399-0.433 {:} ,J
s 045t - 7 / ESHM13 model
$0°0E 22°0°E 24°0°E 26°0'E 28°0'E 1 0 510 20 30km_ ]“‘i mo e

I 0.465 - 0.521 —

PGA (g)
[ lo.337-0.367
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Greece: ZELOULKA EMKIVOUVOTNTA
PGA (Tm=975 £€1n)

4 PGA(g)
| |o.274-0.
[10.409 - 0.
[ 0495 - 0.
I 0.588 - 0.
I 0.708 - 1.206

10.504 -0.541. -
o542 -0.501
I 0.592 - 0.630p"
I 0.631 - 0.682

I X
"o'm %/ ESHM13 model

o vE 22°0E 24°0°E 26°0E 28°0'E
T T T T
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Greece: ZelOMIKNA dLakwvdUveUON
Méoo €tiolo KOoTo¢ anwAelwv (INHLEG) o€ KTipla katowkiag (AAL)

1 AAL (Million €)
B 0.009 -1.00
770 1,00 - 4.00
| 14.00-10.00
[777110.00 - 25.00
Bl 25.00 - 72.8

pocoe 22°0E
T

42°0'N

24°0'E 26°0E
T T

28°0E
T

)9 SDGEE

Research Unit of Soil Dynamics

and Geotechnical Earthquake Engineering

L { million €)
I 0.00-003
[ 0.03-008

0.06 - 0.10

o0.10-017
I 0.17 - 0.47
] 25 5

L { million €)
I 0.017 - 0.70

B o.70-200 |-

2.00-5.00
7 5.00- 8.50

8.50-70.25

10km

Average Annual Loss:

Long-term mean loss value per
year due to direct damage caused
by earthquake ground shaking in
the residential building stock,
considering structural components

ZUVOALKO MECO ETNOLO
KOOTOG GUOLKWV AIMWAELWV
(Inuiég ota ktipLay)

522 million €



Greece: M£oo €toL0 KOOTOC PUOLKWV anwAewwv (AAL) og evupw

e
Ty .
. Rt
( A
AAL (Million €) - ; s o
e o | - g Total average annual losses:

Bl 2. 5877 - 6.412 A

[ J6.412-19.332 ' . 7‘ 522 million €
7719.332-41.419 an
B 41.419 - 91.874 « .




Greece: ZelOMIKNA dLakwvdUveUoN
Average Annual Loss Ratio (AALR)

AALR ( %o )

B 1539

42°0'N

| * T ‘,35"0?4

B 0.200 - 0.533 -

0 0.534 -
0.753 -
0.946 -
1197 -

-2.070

I 2.071

L .
0.752 e . {

0.947
1.196
1.538

-5.071E 24°0E 26°0'E 28°0'E

=
e
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Average Annual Loss Ratio:
average annual loss normalized
by the total asset replacement
cost

ETr)0l0 KOOTOG ATMWAELWY WG
TTOCOOTO TOU GUVOALKOU
KOOTOUC QVTIKATAOTAONC TOU
KTLpLOKOU amoBeuatog



Jupnepaopata - Mapatnenoetg

 H avamntuén evoc kahd SopnpeEvou o eviaia Baon, ocuyxpovou, aélOTLoTOU
KOl ETILXELPNOLOKA QTTOTEAECHATIKOU  €pYaAEiou ylo TNV €KTIUNON TNG
oeloplkAC Slakwvduveuong oe SladopeC KALLOKEG, aMO TO UEUOVWUEVO
€pyo, otnV KAlpoka TTOANG, KpAToug 1 Kot TG Eupwnng, eivat mAéov ediktn
Kol Elval yeyovog

* Inuavtikn mpoodoc tnc texvoioyiag IT

*  Ymapxouv akoun aeBaltdtntec mouv cuvexwc EAEyxovTal KaAUTEpQ

Ot kwdikec ESHM20 kot ESRM20 Bpilokovtatl otnv Stadikaoia TEALKWY EAEYXWV
Kol BaBovounoswy pe otoxo tnv dnpoaotomnoinon toug ota TeAn tou 2021

A B SDGEE
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