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Seismicity of Southern-Eastern Part of

Europe
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Earthquake Planning and Protection

Organization (E.P.P.O.)

T e
o Is a Legal Entity of Public Law

and operates under the
supervision of the Hellenic
Ministry of Infrastructure,
Transport and Networks

o Was founded in 1983, as the
responsible authority for
planning and processing the
earthquake policy in Greece
- as well as to coordinate the
public and private resources
for the implementation of
this policy

Seismicity of Greece (1900-2007)
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Seismic Risk Assessment in Heraklion city
]
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Seismicity in Heraklion city
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Data used for this study

]
o Geographic Military o Hellenic Statistic al
Service Authority (EL.STAT.)
Topographic map — Population data (Census
1:50.0QO, DEM - Slope 2011)
map, Hill shade o EPANTYK 2009, Census
o Herakleio municipality 2001
Microzonation study Building stock data
(152598)|— §ca:|e 1:1(;000 Digital maps
[ |
Heraklzio city. o “ASPIDA PROJECT”
= Neotectonic map Fault map

o Hellenic Centre for
Marine Research (HCMR)

Submarine fault map
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Seismic Risk Assessment in Heraklion city
N

1! Hazard 2. Exposure 3. Vulnerability

4. Damages damage ratios

e.g., average annual losses,
Losses

Mitigation or costs/benefits
risk transfer

loss exceedance curves
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Seismic Disaster Risk Assessment

geophysical people, assets Social/econ/phys
drivers conditions
1! Hazard 2. Exposure 3. Vulnerability
|
4. Damages damage ratios

v’ Risk identification / awareness

v’ Risk reduction (e.g. Building codes,

prioritization of retrofitting

investments, resilient reconstruction)

v’ Financial management and/or
transfer of risk
v/ Emergency measures, preparedness,
contingency planning




Deterministic seismic hazard assessment

Methodology

o Stages followed:
Agnos Fault (1)

1. Identification of the nearest active
faults (Microzonation study)

2. Calculation of the largest earthquake Wells, D. L and K. J. Coppersmith, 1994
that could happen on this fault and the
expected intensity (Wells, D. L. and K. J.
Coppersmith, 1994)

3. Estimation of the distance of
attenuation of the strong ground motion Theodoulidis, N.P., 1991
(Theodoulidis, N.P., 1991)

4. Calculation of increase or decrease of
the expected seismic intensity among

different rock categories (Degg, M.R., Degg,M.R,, 1992
1992)




Active Faults in the broader area of
Heraklion city
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Geological & active fault map of the
Study area

PACES 2016

~ Seaof Crete
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Study Faults
Herakleio Active Faults
SM - Scree
SD - Sandstone
AL - Allouvium
MT - Marine Terraces
CA - Coastal Depositions
ms - Marl

mb - Marly breccia

TS5 mk - Marlstone

Km - Marly Limestone




Agnos Fault — hazard assessment
methodology

Fault Length 13.3 km

e Width 10km
latitude 35.14*
longitude 25.14*

Eurcpean
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Agnos Fault — hazard assessment
methodology
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Agnos Fault — hazard assessment
methodology

PACES 2016

Legend i

Geology
Intensity
I Alpine-1
- Miocene 0 ’ i
- Pliocene +1

e Fault_HER_05 !
» (_

ol 3 §

\ :‘jl

B

= ;" = = = e s .

PACES: Preparedness for Appropriate accommodation in Emergency Shelters




Agnos Fault — hazard assessment
methodology
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Seismic Disaster Risk Assessment
I

geophysical people, assets Social/econ/phys
drivers conditions

b Hasard 3. Vulnerability

4, Damages

|
Losses
Mitigation or
risk transfer
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Exposure Model of Heraklion city

o Capital city of Crete, biggest port and
administrative center of the island

o Surface: 120km? (after “Kallikratis” aggregation policy)
o Municipality population: 174’000
o No buildings: 34’860 (census 2001)




Exposure Model — City of Heraklion
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Exposure Model — City of Heraklion
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Exposure database — Material Distribut
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Exposure database— Construction time period
N

Earthquake Resistant Design
(ERD) Codes evolution

o Prior to 1959: No ERD, low Construction time period/material
quality material, shallow 7000 //‘\\
foundations 6000

5000

o 1959-1984: first ERD, static
lateral loading with seismic
coefficient (€) &weight, use""
of rod steel long. e |
Reinforcement

o 1984-1994: Some
modifications, triangular
loading, spatial model

LR LAULR N 152} NoERD  B.A.1959  ILA.1984 NEAK 1995,
n i tno%E%HﬁgﬁglléHTﬂes;for Appropriate accommodation in Emergency SheltdtAK 20(“
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City of Herakleion — Construction time period

Distribution per ERD
m without

mid-code
¥ high-code

usttany 2
s - SOy

|
A R A

B

e

i - ‘.." . 5
AT T i A T T D e
e e
.l'[/, g gl" "‘ ""|“\\$“'E|?.:'3‘f1'
e

Design with ERD

H without

moderate
) ® high
71%

-15




City of Herakleion — Site survey
.
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City of Herakleion — Site survey
.

o RC frame buildings

No seismic joint, slabs i
differentAdvéd)drone t
vigoarstiigy —

short column

Vertical
irregularity

High ground
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City of Herakleion — Site survey

o Masonry buildings
o Stone masonry

o Brick masonry
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City of Herakleion — Site survey

N s
o Timber buildings

Top floor timber, GF
stone masonry

Not in good
preservation
conditions

2%o total
building stock

odation in Emergency Shelters H




Elements for vulnerability analysis

]
EPANTYK, 2009; Census 2001

Time construction period

Construction material

Structural bearing system

Number of storeys

Irregularity: “Soft storey” (pilotis, glass panels)
Use

N o U R WNER

Adjacent buildings for pounding risk
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Seismic Disaster Risk Assessment
I

geophysical people, assets Social/econ/phys
drivers conditions

1. Hazard 2. Exposure 3.

4, Damages

|
Losses
Mitigation or
risk transfer
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Vulnerability model
]

Vulnerability summarizes the characteristics of exposed
people or physical assets that make them more or less likely
to be affected by a hazard event.

e ABCDEF Macroseismic Method
I ol (LM1-RiskUE)
% B ho L (Giovinazzi & Lagomarsino, 2004)

frame without 1 .
earthquake-resistant design (ERD) I O

frame with moderate level of ERD

unreinforced, with L
manufactured stone units I- O l
unreinforced, with RC floors HO
reinforced or confined I-O—I
|
O

frame with high level of ERD | vl* : Typ0|ogical VUInerabiIity index
walls without ERD FOH Within an uncertainty range (Vlmin’vlmax)

walls with moderate level of ERD HOH
—— . zj AV _ : Behavior Modified factor
H

walls with high level of ERD H

WOOD | STEEL||REINFORCED QONCRETE (RC)

limber structures I O

. Ng?
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Vulnerability model

Vulnerability index

Bl 0.304 - 0.377
Bl 0.377 - 0.449
] 0.449 - 0.522
] 0.522 - 0.595
= 0.595 - 0.668
Bl 0.668 - 0.740

Vulnerability classes
0%_ 0%

4%
B RC1

mRC2
M RC3



Risk Assessment — Damage estimation

Damage Risk = Building Stock * vulnerability * seismic hazard

_ _ I: macroseismic intensity
“D:2-5(1+tamh((l+6-25V|"13-1)/2~3) V,: Vulnerability index
B-distribution of mean damage grade-> probability of occurrence of
each damage grade
K, for max prob.

Classification of
Damage

Gradel Grade?2 Grade 3 Grade 4 Grade 5

I
o No Negligible = Moderate Substantial Very heavy Destruction _
| N damage  1© slight damage toheavy  damage gency Shelters -
EPPO. ¥ . damage g

damage




Damage estimation — Scenario 1

Mean damage
grade per block

Mean damage grade
10 - No damage

B 1 - Slight damage

[ 2 - Moderate damage
[ 3 - Heavy damage
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Damage estimation — Scenario 1

1
Mean damage
grade per

Mean damage grade
10 - No damage

B 1 - Slight damage

[ 2 - Moderate damage
[ 3 - Heavy damage

Damage per building
1% -
48build

)

ml

m3

m4



Damage estimation classification
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Zoom Into the most affected area

Damage estimation — Scenario 1
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Damage estimation — Scenario 1

_
Probability of occurrence of all damage states per block
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As Results so far

]

o Heraklion city accommodates many active seismic
sources. 4 are selected for the development of the
seismic scenarios. Agnos Fault — 13 km in length — has
been elaborated so far.

o Hazard analysis of Agnos Fault indicates an estimated
intensity of IX almost in the entire city

o The northern part of Heraklion city assessed as the
most structurally vulnerable area

o Damage estimation in strong correlation with
vulnerability distribution for constant hazard
intensities
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Future steps

o Seismic scenarios will be implemented taking into
account the other 3 active seismic structures.

o Direct economic losses and losses in terms of
population (casualties,injuries) will be assessed for the
selected seismic scenario applied for the evacuation
exercise, according to available data

o Based on the final selected seismic scenario will take
place the evaluation of
most affected districts for evacuation selection

less affected areas as appropriate for emergency sheltering
& operations center location

* X
:** PACES: Preparedness for Appropriate accommodationin Emergency Shelters m
EPPO. e
O & Comeission
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