ZYANOIOZ NOAITIKON
MHXANIKQN KYNPOY (ENOAMHK)

CYPRUS ASSOCIATION
OF CIVIL ENGINEERS (CYACE) I C I I S I @ R

ERATOSTHENES:
[ yprus Excellence Research Centre for Earth Surveillance

University o . i :
Technolog & Space-Based Monitoring of the Environment

@excelsior2020eu @ @ @ @

Nicholas Kyriakides, Assistant Professor
CUT and Eratosthenes Centre of Excellence

This project has received funding from the European Union’s Horizon 2020 research and CONSORTIUM
innovation programme under Grant Agreement No 857510.
— 15 . o \ - -
\ s This project has received funding from the Government of the Republic of Cyprus through the Directorate ][ th-f-::rsn',' of # “.i m‘?_’:’ﬂ M DEC
ﬂ f General for the European Programmes, Coordination and Development. Technology DLR Mo St



oS Ty
\-‘ &4
O -
‘./" -
:“"'
- O ¥

)

e GYDILS

:": ?ﬁ;iﬁggf Aladiktuoko Sepwvopto SMOAMHK-

EYANOTOZ MOAITIKQN

MHXANIKQN KYNIPOY (EMOAMHK) 28 06 2021
CYPRUS ASSOCIATION

OF CIVIL ENGINEERS (CYACE)

2ELOULKN ETTIKIVOUVOTNTO KOl
EVIOYUGELC UPLOTAMUEVWY. KTIPLWV GTOV
Kurnplako ywpo

Dr Nicholas Kyriakides, Assistant Professor
CUT and Eratosthenes Centre of Excellence
D. Kazantzidou-Firtinidou
Center for Security Studies, Ministry of Citizen Protection, Athens, GREECE
C. Z. Chrysostomou
Professor, CUT




R TIE e
WA University of
‘ ][ Technology

( -, | EYAAOTOE MONTIKGN

CYPRUS ASSOCIATION

I MHXANIKON KYNPOY [ENOAMHEK)
OF CIVIL ENGINEERS (CYACE)

1. AmoTtipunon TN CELOULKNG ETUKIVOUVOTNTOC

2. YroAoyLlopoc BEATIOTNC evioyuonc



mm  CYPIUS
University of
Technology

I MOAITIKN

ENOTHITA 1:

ATToTiUNon TtnC OELOULKNC

ETTLKIVOUVOTNTOC



e GYDILS

et 2elwoutkn Ertikivoéuvotnta-

( -, | EYAAOTOE MONTIKGN
MHXANIKON KYNPOY [ENOAMHEK)

[Nepleyoueva

OF CIVIL ENGINEERS (CYACE)

e [evikn mepLypadn TNC EVVOLOC TNC OELOMLKNG
ETUKLVOLVOTNTOC

e Jeloukocg Kivobuvoc otov Kuttplako xwpo

e KOMTTUAEC TPWTOTNTOC

e Baoelc bedopevwy

e Aladlkoolo amoTipnonNG OELOULKNG ETILKIVOUVOTNTOG

e Edappoyn oevapiwv

* ATOTEAEOUATO-ZUUTTEPACHOTO
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e H amotiunon tng oelopkng ertkivouvotntac (SEISMIC
RISK) adopa tov KaBoplopod Twv AVOUEVOUEVWV
OELOULKWV CUVETIELWY TOCO TO KTLPLAKO armoBeua 000
Kol 0Tov MANBUOUOC ULOLC CUYKEKPLLLEVNG TIEPLOXN OTTO
OUYKEKPLUEVO CELOULO.
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e Baoiletal oto S€OOUEVO OTL OL ATIWAELEC AOYW TWV
CELOUWV €€QPTWVTOL ATIO TNV MOLOTNTA TWV KTLPLWV
(oelopoOC o€ €pnpo PEPeL LNOEVLIKNA EMLKLVOLUVOTNTA)

e Juvbdualel ta 6edopeva Tou oslopou (peEyebog,
ETIKEVTPO, E0TIOKO BaBoc K.a.) Le Tta dedopeva Twv
KTiplwv (VPoc, nAkia, tolotTnTA K. QL)
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 ALOEL TTOOOTLKA ATTOTEAECUOTO YL TLC OLKOVOLLLKEG
AMWAELEC AAAQ KOl ATTOTEAECATA VLA TIC aVOPWTILVEC
QTTWAELEC, TPOAUUATIONOUC K. QL.

e Mrmopel va €edOPLLOCTEL GUVOALKQA YLOL ULOL XWPAL, LLLOL TTOAN
N OLKOULOL KOLL YLOL CUYKEKPLUEVA CNLLAVTLKA Epya UTTOOOUNG
OTIWC VOOOKOMELQ, agpodpopLa, TTupnVLKOUC otaBpoug
K.QL.

e To AMOTEAECHUATA TN ATTOTIUNONG UTTOPOUV VAL
QTTOTEAEOOUV CNUOVTLKO EPYOAELO OTO XEPLO TOCO TWV
TOTILKWV 000 KOL TWV KUBEPVNTIKWY aPXWV YLOL GKOTIOUC
nposTolpacioc kat mpoAnync.
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* Je poBnuatikoug 0pouc ekPpAlETOL WC TO YIVOUEVO TOU
OELOULKOU KLvOUVOU Kol TNC TPWTOTNTAC TWV KTIPpLwV

® JELOMLKOC Kivouvoc: n mBavotnta
OELOMOU LE CUYKEKPLUEVOL
XOPOKTNPLOTLKA (LEYEDOC,
ETIKEVTPO, E0TLOKO Baboc) —
MikpolwVIKEC MEAETEC, 2ELOULKOC
Xaptng

e Tpwtotnta: H avapevouevn {nuLd
OE€ OUYKEKPLUEVN KATNyopia
KTLPlwV HE SESOUEVO OELOLLKO
Kivbuvo

ZELOMIKOG
Kivduvog
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e [0 OKOTIOUG QTOTLUNONG TNG OELOULKNG ETILKIVOUVOTNTOC, O
OELOMLKOC Kivouvoc ekdpaletol pe T popdn oevapiwv
e Ta oegvaplo outd adpopouV TOUC AVOLUEVOUEVOUC OELOMOUC KT
™ Slapkela {wNC TWV KTLpLWV
e Ta ocuvnBOn cevapla Mou xpnoLpomoLlouvTal ival,
® JELOMOC oXeOLAOMOU VEWV KTILpiwv pe miBavotnta
urtepPaonc 10% ota 50 xpovia
e MeyaAUTEPOC QVOLEVOUEVOC OELOMOC OTNV TIEPLOXN UE
rnibavotnta unepBaonc 2% ota 50 ypovia

10
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Qc pepocg tou Epeuvntikov mpoypappatoc SHARE gywe amotipnon
TOU OELoULKOU Kwvduvou otov Eupwmaltko xwpo pe Baon ta
OELOMOTEKTOVLKA OeO0UEVA TNC KAOE TIEPLOXNC

10% Exceedance Probability in 50 years
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The 2013 Euro-Mediterranean Seismic Hazard Model (ESHM13)

o European Database of Seismogenic Faults
(Basili et al., 2013) o SHARE European Earthquake Catalogue

o Compiled within SHARE (Giardini
et al., 2013) and EMME (Erdik et
al., 2012) projects

o Includes seismic catalogue
between 1000 and 2006 with
6170 events

o Strong Motion Database
o By Yenieretal., 2010

o Several global Databases

...until late 2020 when the EFSM (European
Fault Source Model will be released as part of o Covers earthquakes from 1930s
SERA (H2020) project and European Seismic to 2009 with2448 events and
Hazard Model (ESHM20). 14193 records

12



e GYDIUS

». 1‘( ][ University of

\ "'ffﬁt TeChllOlOgY

k . | EYAADMOE MOAITIKN
\\.t MHXANIKON KYNIPOY (ENOAMHEK)

CYPRUS ASSOCIATION
OF CIVIL ENGINEERS (CYACE)

Site conditions, (Cohen et al., 2012)
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From European SHARE project (Giardini et al., 2013)

Incl. 3 seismic source models, several GMPEs, Vs30 from USGS
Classical PSHA with OpenQuake platform (GEM tool)

T =475y or poe 10% in 50y National Annex of EC8

e

SEISMIC ZONING MAP
OF CYPRUS
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Seismic Source models (per SHARE)
o Classic Area source model
o Fault-seurce and background model
o SEIFA model

Ground motion model (per SHARE)
Akkar & Bemmer, 2010

Cauzzi & Facciolr, 2008

Chiou & Youngs, 2008

Zhao et al., 2006

Lin&l.ee, 2008

Atkinson & Boore, 2003

15
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—— Nicosia —— Nicosia

——Larnaca \ ——Larnaca

——Limassol ~———Limassol
Paphos \| Paphos

Probability of exceedance in 50 years
Probability of exceedance in 50 years

0.00001

0.000001
0.001

[ ———— i ————

0.1
Sa (T=0.3) (9)
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e [La TNV AMOTLNON TNC OELOULKAC ETILKIVOUVOTNTOC £YLVE CUAAOYN
OTOLXELWV YLOL TO UDLOTALLEVO KTLPLAKO amoBepa otnv Kumpo ko
yla tn Stoomopad tou mAnBuopou.

e H ouA\oyn Twv otolelwv Baociotnke otn Baon dedopevwy tou
Tunpatog KtnuatoAoyiou kot Xwpopuetpiag, oe dedopeva tng
Amtoypadnc NAnBuopou tou 2011 kot o€ cUANOYN OTOLXELWV OTTO
oL apXElol AWV,

e H katnyoplomoinon tTwv Ktpilwv adopad 1o UPOC TOUG, TO UALKO
KOTOLOKEUNC TOUC KOlL TO £TOC KOTAOKEUNC Tou. Tat Sedopeva avta
ennpeAlouV TNV TPWTOTNTA TOUC.

17
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e H ouAAoyr TwV OTOLXELWV KOl N KATNYOPLOTIOLNON TOUG EYLVE ATTO
NV opada avtloelopikng tov TEMAK ota mAailola Ttou
Epsuvntikov Mpoypappoatoc «Seismic Vulnerability and
Strengthening of Existing Privately Owned Buildings» [
ouvepyatec to Mavemnotnputo Matpwy, to Maveniotiuo Kumpou
kot TNV MoAwtiky Apuva Kimpou. To tpoypoppa amnoteAovoe
HEPOC TNS Agounc 2008-2010 tou I6pupatoc Mpowbnong
Epeuvag

e To otolxeia yla ta Katexopeva 600nkav armno tnv Av.Kadnyntpla
Zehra Cagnac

18
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e Me Baon ta otowxeia SnuoupynBnke Baon dedopevwy oe
nopdn GIS tou vdlotapevou KtipLlakou amoBepatoc (350,000
Ktipla). O xaptoppadnoslc oe popdn GIS eywvav we LEPOC TOU
EpsuvntikoU Mpoypadppoatoc EMME
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e 0X<2 opodouc : AltoteAouv mepimou to 70% tou UPLOTAUEVOU
KTLplokoU amoBepatoc (245000).

e 0X>2 opodouc: Nepimov 70% eival £ 5 opodouc (74000). MoAv
Atya (~400) ival 6-9 opodouc
e ATO Ta TTLo TTAvVW To 60% (210000) £xouv oxedbLaoTel Kall

KOTOLOKEVALOTEL TIpLV TNV €dappuoyrn Tou KuttplakoU AVILOELGLKOU
Kwdika (1992).

e Exouv kataypadei mepinov 45000 vdlotapeva nopadooLoka
KTLpLoL KUPLWC o TETPL Kat TTALBapL.

20
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e Xaptoypadnon os popdn GIS tng dStaomopac tov mAnBuaopou
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Exposure: “people, property, systems, or Types of data
other elements present in hazard zones that . 5
are subject to potential losses” (UN, 2015) CIN grld 1x1km

e Building descriptive
data (CENSUS 2011,
Department of Lands
and Surveys)

Time construction period
Construction material

Structural bearing system e Population data

Number of floors (CENSUS 2011)
Irregularities

Use

22
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RC bulldings

0-20
210
190 - 500

B 50- 1000

B 0050

B 5 - 000

FIME00 OR0E

/ 0% 3%

= masonry

= RC_noERD_mid-rise

= RC_ERD_mid-rise
RC_noERD_low-rise

= RC_ERD_low-rise
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Vulnerability: the conditions determined by physical, social, economic,
and environmental factors or processes which increase the
susceptibility of a community to the impact of hazards (Sendal
Framework 2015)

Physical Social
Expected resistance of a structure Concept that assists to identify
exposed to the seismic hazard those characteristics of population
Intrinsic parameter that enable them to respond and
recover

Independent of hazard : :
Dynamic & ever-changing
Depends on structural,

mechanical, geometric building Composite index composed by
characteristics parameters
Integrated or holistic risk mapping

24
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Empirical 420 TH analyses

All building typologies
Parametric study
Kyriakides et al. (2015)

Hybrid

g : =
Analytical Fragility curves /@\ ‘ @ @

Slight Moderate Extensive Complete /
Cnn.:ge Damage Damage Collapse

RC with ERD low rise RC without ERD low rise Masonry without ERD low rise

0.6 . . . . 0.6 0.6
PGA (g) PGA (g) PGA (g)

——Slight ——Moderate ——Extensive Complete ——Slight ——Moderate ——Extensive Complete

——Slight ——Moderate ——Extensive Complete
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RETEPRRRRSS Selection of building category

feeeeenes D Design of prototype simulation frame

PART A — Derivation of simulation frames -----------S Design combinations for the design of the simulation models.

Selection of probabilistic parameters (n) and Load combination G (Dead Q. (Live Horizontal load
determination of PDF’s load) load)

Construction of simulation frames (k) No seismic design 14 16 -
(OLD) 1.2 1.2 +1.2 (0.2 kN/m?)
Full seismic design . 15 -
Selection of acceleration records (m) (NEW) 0.3 Design spectrum of EC8 (CEN
1998-1)

Determination of damage levels (j)

v
PART B — Earthquake Analysis ...........:,.........}

Progressive analyses of frames until
ultimate damage level (i=kxmxj)

Details of frame members (from design).

Recording of top displacement (u) at each Building category Dimensions Reinforcement

damage level and frame (i)

LR O Columns 250 x 250 4916
Beams 250 x 500 3014+3014

LR_N Columns 250 x 500 10218
Beams 250 x 500 4914+ 4014

. HR_O Columns 400 x 400 12918

: Beams 250 x 500 361643416

: HR_N Columns 500 x 500 12920

Beams 300 x 600 6020+ 4920

T Transformation of u; to Sd;

% R > Fit the population of Sd;’s to lognormal
distribution for each damage level

PART C — Processing of results-Fragility
curves

Plot the distributions-fragility curves

» Transform to PGA using local response
spectrum and equal displ. rule

Fig. 6. Framework for the derivation of analytical fragility curves.
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Probabilistic parameters used for the derivation of simulation frames.

. Damage Limitation (DL): Column's yield rotational capacity
(code defined equation for 6)).
. Significant Damage (SD): % of column's ultimate rotational

Average St. Deviation Average  St. Deviation capacity.

Propabilistic parameter No seismic design Modern seismic design

. Near Collapse (NC): Column's ultimate rotational capacity and
24 8 33 6 its shear capacity as defined in the code (code defined equation
410 for Oy and Vy).
ggg 22) éi . Building Collapse (FAIL): All columns of a floor reach limit state
3 or a maximum inter-storey drift of 4% is reached.

Table 7 Table 8
Mean and standard deviation values of the Sd fragility curves for the 4 damage Mean and standard deviation values of the PGA fragility curves for the 4 damage
levels. levels.

Sd (m) DL SD PGA (g) SD NC
H c H c H 4 H c u c u 4 u 4 u c

0.055 0.27 0.07 0.30 0.09 0.28 0.11 0.28 _ 0.13 0.28 0.2 0.39 0.27 0.38 033 0.41
0.13 0.28 0.15 0.29 0.19 0.35 0.25 0.31 | 0.17 0.24 0.21 0.37 0.3 0.5 0.44 0.39

27
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04
PGA(g)

Fig. 7. Derived fragility curves for LR_O buildings.

Table 9

Comparison of the derived mean PGA limits with corresponding ones in [11].

Building category
LR_N
HR_N
LR_O

HR_O

Damage level

DL/Moderate
NC/Collapse
DL/Moderate
NC/Collapse
DL/Moderate
NC/Collapse
DL/Moderate
NC/Collapse

PGA

0.25g
1g
0.25g
0.5g
0.13¢g
0.27g
0.17g
0.3g

HAZUS_PGA

0.35g
0.7g

0.22g
0.6g

0.15g
0.27g
0.15g
0.27g

28
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Probability of occurrence per damage state

Loss ratio or damage Initial value
functions

deformation

Cost
replacement
new 600-
800€/m?

eformation

0.6
PGA {g)

m— RC_ERD_low-rise == RC_ERD_mid-rise  =———RC_no ERD_low-rise

— RC_no ERD_mid-rise —— Masonry

deformation

RC

Masonry
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 Human Loss: modelling casualties

> HAZUS (1999) injuries model and Coburn and Spence fatalities
model

Casualty
(EES
Reinforced
Concrete
Masonry

Slight (%) Moderate (%) [ Extensive (%) | Collapse (%)

Human Loss: displaced population

Population from Extensively and Completely damaged
buildings are expected to evacuate

50% of evacuees are expected to seek public sheltering
(empirical) (PACES project & Kazantzidou et al. 2018)

Social vulnerability study from better estimate

30
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Fatalities: Ks = [M; - My - M3 - (M4 + Ms - (1 — M,))] (Spence, 2007 & LESSLOSS)
x P(ds_i) x Population
Depending on occupancy rate, building use, ratio of trapped inhabitants, correlation of
collapse with fatalities, day/night scenario

Injuries: Pseyz = [P(dS s)*Psey,2_s + P(ds_m)*Psey,2_m+ P(dS g)* Pseyz g + P(ds_c)*Psey2 ] * M,
x Population (Hazus, 1999)

Psev,2_i Slight (%) Moderate (%) | Extensive (%) | Collapse (%)

Reinforced
Concrete
Masonry

Displaced population: #DP;, = {p[ds g] + p[ds ]} - Population (HAZUS, 1999 & PACES)
Long-term x 50% -> will seek public sheltering

31
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10N

SO00

HIHI

[F=ura]

gated Losses

Aggn

AAL (€) 116M 13.0M a8.7M 23.6M
AALR 0.36% 0.31% 0.44% 0.69% 0.63%
Population 1,022,406 143,558 37,771 127,629 40,012

32
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T=2500y (Mw7.7)
Length: 140km
Depth: 13.2km
Strike: 322.444deg
Dip: 40.522deg
Rake: Odeg

Ammochosto
Fomagusia

T=475y (Mw6.9)
Length: 50km

Depth: 13.2km
Strike: 294.757deg
Dip: 32.353deg
Rake: Odeg
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Scenario for T=500 years Scenario for T=2500 years

35



= e GYDPIUS
/({ R ][ University of
Technology

EYANOTMOZ MONTIKEN

LOSS & DAMAGE FOR SCENARIO
T=475 Y

'i-é,.

Loss distribution in M euro Collapse distribution in no# buildings

-----

o
" .' Losses (Euros, M) o = <]
L iy Colta

. 0-1 M & " o

o 1-5 v v ] 2-10

" p 2 10-2%

2050 2550

B %0-10 o W 50100
=] ’ B 00-200

25 0 2 50 75 00 km B 060 25 0 2 50 75 00 km B x0.es




Cyprus

University of
) || Sty LOSS & DAMAGE FOR
J ::ﬁfr:ﬁ:xﬂg;ﬂkﬂy:ﬂ[EanHl-:]

AT e SCENARIO T=2500 Y

Loss distribution in M euro Collapse distribution in no# buildings

37



s GYDIUS

][ f DANMAGE ESTIMATE FOR

SCENARIOS

Number of buildings per damage state Ratio of collapsed buildings

m Scenario 2500 years

140000 m Scenario 475 years RCERD. low-rise m Scenario 475 years

m Scenario 2500 years
120000

100000 RC_noERD_low-rise

80000

RC_ERD_mid-rise
60000

Number of buildings
Structural typologies

40000
RC_noERD_mid-rise
0

no damage slight moderate extensive complete
Damage states

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0% 45.0%
Ratio of collapsed buildings per typology
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Scenario T=475 years Scenario T=2500 years

i
o
o

Mumber of buildings

Hwds o lﬂﬂhll

no damage slight moderate  extensive  complete no damage slight moderate extensive complete

Damage states Damage s
SONMY ] 1 3 high-ris mage states - X "
. masonry B RC_noERD_high-rise B masonry amage B RC_noERD_high-rise

B RC_ERD_high-rise RC_noERD_low-mid-rise D_high-rise RC_noERD low-mid-rise
RC_ERD_low-mid-rise RC_ERD_low-mid-rise

Total Nicosia Larnaca Limassol Pafos

Scenario
T=475y

Scenario

T=2500y
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Cities Injuries Fatalities
475 years 2500 years 475 years 2500 years

People Ratio (%) People Ratio (%) People Ratio (%) People Ratio (%)
Nicosia 20-50 0.01-0.10 30-70 0.06-0.14 6-8 0.01-0.02 12-15 0.02-0.03
Larnaca 25-60 0.07-0.16 10-25 0.03-0.07 0.02-0.03 4-5 0.01
Limassol 110-220 0.20-0.40 65-150 0.13-0.27 - 0.06-0.09 30-40 0.05-0.08
Paphos 3-10 0.01-0.03 75-175 0.23-0.52 0.00 30-45 0.09-0.13

730- 880-

Total 1500 0.07-0.15 1780 0.09-0.17 200-300 0.02-0.03 380-550 0.04-0.05

Displaced population (both scenarios): 93.000 — 110.000
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e Seismic risk assessment provides loss estimation (monetary,
human) for prioritization of disaster management, budget
allocation, mitigation measurements, emergency and
healthcare provisions.

e Scenario-based analysis after PSHA, being more comprehensive
and understandable for disaster management purposes.

REHABILITATION &
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Earthquake risk study in Cyprus as part of NRA-CY
Probabilistic event-based risk analysis

Average annual loss: 116M euro

Average annual loss ratio: 0.36%

Masonry & low-to-mid-rise RC buildings with no
ERD contribute the most to total loss

Loss distribution for 10% and 2% poe in 50 years
Seismic risk scenarios

Loss maps, collapsed maps

Casualty modelling, displaced population
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HUMAN H1: Fatalities and injuries -llll
H2: People number B>2
Relocation/evacuation

| a)Propertydamage:  [Euro | | | ]
__l
| c)infrastructure:  [Euro | | | |

d)Disruption of economic | Euro
activity

i'

e)Other specificcost _[furo 1 | [ |

R i S R e
dama ge
= I D
infrastructures deation
e e R
disruption duration
e L R L
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Impact Profile-Earthquake

Impact category

RISK MATRIX

1 3

m SP3: Social impact m SP2: Societal functionali

Damage of critical infrastructures W ENL: Environmental darn

Assets costs

| H1: Fatalities-injuries

Fires
#® Earthquake L4
Water Scarcity@ Floods

Marine Pollution & SLR-c.erosion

PROBABILITY

e Earthquake ® floods ® - Water Scarcity A Tech. Accidents ®— Fires #— SLR-c.erosion A Marine Pollution
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e Me debopeva T AMOTEAECHOTO TNC ATIOTLUNONG TNG OELOMULKNAG
ETIKIVOUVOTNTOC, EEAYETOL TO CUUTTEPOOLLO OTL N LETA OELOWULKN
eTlokeun BAaBwV ylo UPLOTAMEV KTIPLO XWPLC AVTLOELOULKO
OXEOLOOMO KPLVETAL OLKOVOULKA acUdopn Kat mBavov va
ool OLKOVOULKA KOTOLOTPETTTLKN

e Emopevwce n anodaon yia evioxvon 6ev npemneL va Baoiletal
LLOVO O€ TEXVLIKA KpLTrpLa KabBwc n evioxvon OAwv Twv
vPplotTapevwy oto emnimedo Twv Evpwkwdikwv (oevaplo
OELopoU oXeSLOOHUOU) ELVOL OLKOVOULKA Kol aadUvVOTn Kol TEXVIKA
nepimAokn
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e To 6eUTeEPO HEPOC TOU Epeuvntikov Mpoypappatoc «Seismic
Vulnerability and Strengthening of Existing Privately Owned
Buildings» oto omolo cuVvTtoVLOTNC NTAV N EPEVVNTLKNA MO
opada oto TEMAK kat adopd ta UGLOTAUEVA KTLPLO LOLWTLKAG
xpnongc, e€staotnke n duvatotnta eVOLAUEDNC EVioxuong n
OTIOLAL VO LELWVEL TNV TPWTOTNTA EVOC UPLOTALLEVOU KTLIplou
aAAQ OxL ot ETIMTES O VEOC KATOLOKEUNC

e [0 TO OKOTIO AUTO Kal Ue Baon tn PLPALoypadia Twv
TILOOVOTIKWV MOVTEAWV KOOTOUC KUKAOU {wn¢, kaBoplotnKe
neBodoloyia urtoAoylopoul tng Aeyopevng BeAtiotng otabung
(emimedo) evioxuonc
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e JyedLaypappo tnS Sounc tng pebodoloyiag avaAvong KOGTOUC
KUKAOU {wNC
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Ertimedo evioyvonc

OF CIVIL ENGINEERS (CYACE)

e Enunedo Evioyvonc (retrofit level, RL)

Structural vulnerability

< No retrofit points /

< Full retrofit points EvSiapeon /
No retrofit Evioyuan /

Full retrofit

Xwpig evioxuon

NAripng evioxuon

75 8 8.5 9 9.5 10 105 11
Modified Mercalli intensity - Imm

D-“Iﬁf"R _ DB{;rfbrE R(LC) R

. my mv _ AfterR Before R(LC) Full |
RL - DFHH R(HC) Dﬂeﬁn‘e R(LC) — RFMH = Dmt-' - Dnh: + R R

mv nv
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e Eninedo Evioyvonc (retrofit level, RL)

Structural vulnerability

©  No retrofit points
©  Full retrofit points
No retrofit
Full retrofit
—10%
— 20%
I 30%
40%
[| —— 50%
— 60%
70%
80%
90%

o

| | |
8.5 9 95
Modified Mercalli intensity - Imm

DAfrerR DB{jarL R(LC) R

_ my mv . Aﬁ'er R Befme R(LC) Full |
R, = Full RUHC) _ ryBefore R(LC) - RFull =D, =D, +R R
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Baouki Ty

€750/m?
0.5% Ry
2.0% Ry

500 000

Ok kooTOC
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e [ivetal n mapadoyn OtL ota KtipLa Oa yivetatl MpoAnmTikn
Juvtnpnon (Preventative Maintenance) kaBe 5 xpovia.
Xpnotporno0nkav tpeic KAAOELC cuvTnpNoNC yLo va
kKaBoploouv To pEYeBOC TNC.

TTivosas 9 - KLGoews cuvInpnonc KoTecKeney
Kiaon HDpoinanikns Zuvtpyons Koctos ot € (uva S ypoviu)
Baown [poinmruen Zovtpnon (A) 1% o0l1koD KOGTOVS TS KUTUGKEVT|S

2% 0l1k0D KOCTOVS TS KUTUOKEVT|S

Inuovtikn Hpoinmrkn Zvvmpnon (B)

Exteviic Ipoinmnikn) Zuviipnon () 3% o0likob KOGTOVS T1)S KATUGKEDT|S

[ T TTTISeS—S— — . —————————————————————————————————————ngggaaaasww
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e Avapevopevo Kootog KukAou Zwr']q

e C,: ApXLKO KOOTOG EVIOXUONG YLOL CUYKEKPLULEVO
emntimedo evioyvong

e C: K&OTOC QvTIKATAOTOONC KTLplou

e A: TANBWPLOUOC

e t: XpoVLKOC opilovtac evamopevouoac {wnc KTpiou

e j=VI-X| (oelopLkn €vtaon oelopov)

e N: 0plOUOC OELOUWY CUYKEKPLUEVNC EVTAONC VA £TOC

e D_.: Asiktng BAaBwv (KopUIUAEG TpwTOTNTAG)
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® JUVOALKOC ApLlOOC avOpwmvwV amWAELWY

Ks= De*[ M xM M ox(M ,+Mc(1-M,))]

K, - 2uvoAwKog aplBpog anwAewwv (number of people killed)

D: - ApBuog Ktipiwv mou kateppevoav (number of collapsed buildings)

M, - Ovnowotnta ava katdppeuaon Ktpiouv (mortality per building collapse)

M, - Atopa pECQ OTO KTiplo kata tn Sldpkela Ttou oewopol (occupancy at time of earthquake).
Moocootd tou M1 katd tnv €vapén tou celopov

M, - Kdtotkot mou maydevtnkav ano katdppevaon (occupants trapped). Mocootd tou M2 mou dev
puropeoayv va dStadpuyouyv

M, - Katavoun Tpavpatiopwv kota tn mepiodo katdppeuvong (injury distribution at collapse).
Moocootd tou M3 mtou meBavayv 1 TPAUUATIOTNKAV OE XPOVO UNOEV WPWV UETA TOV CELOHUO

M. - Ovnolpotnta Katd tn META-katappeuon nepiodo (mortality of post-collapse). Nocootd twv
TPOUHATLIOHEVWYV Ttou TteBaivouyv mpv T S1Acwon Toug
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e (C LEPOC TOU TIPOYPAUMOTOC YIa TQL UPLOTALLEVA KTLpLOL
LOLWTLKNC Xprong, kaBopiotnkav yla Kabe katnyopla KTpiwv ta
BeAtiota enineda evioxvonc yia xpoviko opilovta 20 kat 50
Xpovwv (mapadoxn evamopevovoas (wng KTtipiouv)

e To KTipLa Tov xpnotpomnoLonkay eivol VTUTPOCWTTEUTLKA TOU
UPLOTAPEVOU KTIpLlaKkou amoBepatoc otnv KUTtpo Ko
eTIAEyNKayv armo tn Baon dedopevwv
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@ ][ Usr,lli)\rrgfsity of BeAti oti] EV[O-XU on=

e BeAtiotn otaBun evioxuonc yia PnAd Ktipla LOLWTIKAC XPNoNG
yLa xpoviko opilovta 20 kot 50 xpovwv kal ouvtrpnon kKAaoncg A

HIGH RISE RC BUILDINGS HIGH RISE RC BUILDINGS

00 000 €
SL000
SO0 000 ¢
0000
/ B w00 ¢
Seismic lowes (w/e) —-Selsmk losses [w/o)
—eRetsoft codt

e Retrofit cost 250000 €

—LCC (w0} AL
00 000 € =

w— SN OSSES (W)

— Sl Jomes (W)

Cost per building

e LCC )

Retrofit Level (% of full retrofit)

Retrofit Level (% of full retrofit)




Cyprus

][ ahamngy BeAtiotn Evioyvon—

I . EYANOTOE MOMTIKGN
MHXANIKGN KYAPOY (ENOAMHEK) 4
) (e Jxedlaypaupuata

OF CIVIL ENGINEERS (CYACE)

e BgAtlotn otabun evioxvonc yla xapnAa ktipla LOLWTIKAC
xpnong yio xpoviko opilovta 20 kat 50 xpovwv Kol cuvtnpnon
kKAaoncg A

LOW RISE RC BUILDINGS LOW RISE RC BUILDINGS

Seimic kostes (w'ol
—tRetroft coft

e LCC {wef0}

w— Setamic lostes (W
e LOC ()

Cost per building
Cost per buikling

Retrofit Level (% of full retrofit)

Retrofit Level (%o of full retrofit)
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e Me 6ebopEVO TA ONUAVTLKA ATTOTEAECHATA 000 adopa Ta
KTLpLo LOLWTLKAC Xpnong, N opada avtloelopLkng tou TEMAK
aLTtNONKeE Kal IHPE EPEVVNTLKN ETLXOPNRYNON Yia KABOPLOUO ToU
BEATLoTOU TLITESOU EVIOXUONC TWV OXOALKWY KTLPLWV KoL
KOUT' ETEKTOLON QTTOTLUNON TOU TIPOYPALLOTOC EVIOXUONG TWV
OXOALKWV KTLplwv otnv Kumpo to omolo éekivnoe oTLc apxEC TOu
2000.

e To Epeuvntiko Mpoypappa «Seismic Vulnerability and
Strengthening of Public Schools» €ixe w¢ CUVEPYATEC TLC
Texvikec Yninpeoieg tou Yrmoupyeiov Mawdelac kot MoAttiopou,
10 AplototeAelo Mavemiotnpio Oecoalovikng Kot TNV LOLWTLKN
etalpla SignalGeneriX Ltd.

58



s GYDIUS

][ University o BéAtiotn Evioyuon—

1

Technology

EYANOTMOZ MONTIKEN

e oy o 2yedlaypouuato

OF CIVIL ENGINEERS (CYACE)

e KaBopilotnkav KAUTUAEC TPWTOTNTAC Yol OXOALKA KTiplal amo O Ko mETpa
XPNOLUOTIOLWVTAC TILOAVOTLKEC peBodouc. OL KapmUAeC adopoUV To TIPO Kol
LLETA EVIOXUONC KTLPLO YlaL OKOTIOUC CUYKPLONG Kol EMIAOYNAC TNS BEATLOTNG
gvioxuong

P(D=DS|PGA) Direction X-X
10 —

Figure 8. PGA fragility curves for the strengthened R/C school building 59
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e Me Baon ta amoteAeopata, N anodaon yLa evioxuon tTwv
OXOALKWV KTLplwv NTav cwoth AapBavovtac urtoPn To KOOTOC
¢ avBpwrvng {wng

Qoélela/KéoTog

Nurseries Primary  Secondary Lyceums
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Jxedlaypaupato
e H BeAtiotn otaBun evioxuong yla ta oxoAwka Ktipta O BpeOnke
lonc pe 50% evw yla ta mapadootaka Ktipla BpeOnke lon pe
100% otnv mepimtwon elcaywyng dtadppayuatog kat 0% otnv
nepumtwon elcaywyng oeval (avemapkng Alon cuvowva UE T

QTTOTEAECLOTA TOU TIPOYPOLUMATOC)

Cost (million €)

(™
c
]
E
-
17
[o]
(&S]

20% 60%
Retrofit Level (%"Full Retrofit")

20% 40% 60% 80% 100%
Retrofit Level (%"Full Retrofit")

NMapadooiaka
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