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Seismic Vulnerability and Seismic Resistance

Assessment

Methodologies in Slovenia

= seismic VULNERABILITY of masonry buildings RAN-Z (1995)

parameters: amount of walls, masonry type, confinement,

distribution of walls in layout, height of building
output: numerical value 0 - 10

= seismic RESISTANCE of masonry buildings PO-ZID (2001)

based on data and results of analytic push-over method
output: coefficient of seismic resistance SRCu-np

» seismic RESISTANCE of RC buildings PO-AB (2002)

Sesimic resistance
SRCu-np

1,25

-

o
<
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® masonry RC

2 3 4
Seismic vulnerability RAN-Z

RAN-Z vulnerability grade:

up to 3.5 low vulnerability
3.5- 6.5 medium vulnerability

above 6.5 high vulnerability



Database of 1500 Individually Assessed
Buildings in Slovenia

City of Ljubljana
Buildings of historical nucleus of Ljubljana (1985)
Health centres (1998) and hospitals (2012)
Fire stations (2000)
School buildings (2001, 2004, 2007)
Some groups of residential buildings (2004, 2007, 2010, 2011)
Buildings of MOL Administration and Public services (2004 to 2007)

Industrial buildings in the City of Ljubljana (2001-2008)

Public buildings of the State
State Administration buildings (2007 to 2009)
Social Institutions and Residential buildings for students (2004 — 2010)

Houses of Posoc€je region after 1998 and 2004 earthquakes
POTROG (155 buildings) and CHERPLAN - Idrija (2011-2013)



Analysis of the Database

Correlations between seismic vulnerability and some
basic data, available in the National register of buildings (REN):

= Building material (stone masonry, brick masonry, concrete, r.c.,
combination, other)

= Number of floors (0, 1, 2, ..))

= Period of construction (up to 1895, 1896—-1920, 1921-1945, 1946-1965,
1966-1981, 1982-2008, 2009 ->)

SEISMIC VULNERABILITY — BRICK MASONRY

A

= do 1895

= 1896-1920
1921-1945
1946-1965
1966-1981
1982-2008
do 1920

——1921-1945
——1946-1965
——1966-1981
——1982-2008

e O » »

RAN-Z

0 2 4 6 8 10
Number of floors
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Seismic hazard of Slovenia

De5|gn ground acceleration (a ) (Evrokod 8)

POTRESNA NEVARNOST SLOVENIJE PHOJEKTNI POSPE§EK TAL

Return period 475 years

I\/Ilcrozonatlon of MOL — Ground types (A B, C, D E, S1, 52)
e m;\Q e .

3 Brezovo

. iom
Wy

7] Intenziteta EMS-98 Soil -
4 [ vu-vin Intensity Part
type
A VII-ViII 45%
B,C,D Vil 37%
E VIII-IX 3%
s, IX 15%
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European Macroseismic Scale EMS

""'*Vulnerability types of buildings:
A,B,C,D,EandF

Classification of damage of buildings:

0: no damage

1: negligible to 2: moderate 3: substantial to

HABITABLE LIMITED USE

Intensity EMS: | - Xl
Damage to buildings: V-XIl EMS
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AcconD T UV

European Macroseismic scale EMS

Damage caused by an earthquake
of intensity VII| EMS

Building's | Damage degree (extent of damage)
vulnerability

type 0 1 2 3
A 0| 0| 25| 35
B 0 | 25| 35| 30
C 25 | 35 30| 10
D 60 30 10
E 100
F 100
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POSKODOVANOST OBJEKTOV ZA POTRES
S POVRATNO DOBO 475 LET

ZELENI - lazje poskodovani

RUMENTI - srednje poskodovani

RDECI - zelo poskodovani

SV. MODRO - neocenjeni
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Scenario for the earthquake of the VIl - IX EMS intensity with the epicenter in the
middle of the City of Ljubljana

c
Damage 5 -%
degree E =) - o™ ™ < C=
5 o
> o
Buildings 12,551 | 25,074 19,026 9,136 4,953 1,339 107
Permanently
registered
citizens 58,683 | 38,626 74,055 40,867 54,538 25,293 6,912
Urban search and
rescue
Medical assistance
Dead
Temporary Temporary
sheltering sheltering
Mid to long term
temporary housing Rebuilding
Rescue
personnel 49% 19% 20% 10% 2% 0%
Cultural
heritage 385 342 218 202 332 73 6
buildings
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Questionnaire for the estimation of expected damage

Nazaj Naprej Nazaj  Ponovna ocena
Podatki o stavbi Rezultati
Korak 1/9 Korak 9/9

Rezultati so prikazani za naslednjo stavbo:

: leto izgradnje: 1956
Leto zgraditve stavbe konstrukcija: OPEKA

1956 §t. etaz: P + 4

S s 5 dejanska intenziteta: VIII
Stevilo kletnih etaz:
0 Kategorija poSkodovanosti
Kletne etaze so tiste, ki so vsaj deloma vkopane.

A 0 .M. .
‘ poskodb ’

1 30 %
Stevilo etaz nad pritligjem:
P+ 4
e S St e e B 33 %
Pritlicje je prva etaza, ki je v celoti nad nivojem zemlji¢a.
Mansarda se $teje za nadstropje, €e je nad njo pohodna stropna konstrukcija, sicer
ne. Upostevaijte tudi nadstropja, ki pokrivajo le del tlorisa.
3 24 %
Nazaj Naprej
j prej 5 0%

o [
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Rapid Damage Assessment System

Analiza za potres: 30.06.2014 ob 04:09 5 km J od Ljubljane, intenziteta 8

| VIl (moéne poskodbe) ,_,‘ Ocena obsega Ocena obsega drugega potresa

Analiza obsega (vkljucene so le stavbe Republike Slovenije)
Ocena ogroZenih stavb in prebivalcev.

= =l Po obéinah (RDECE)

Ocenjeno padanje intenzitete izbranega potresa.

Prikazana so obmocja, v katerih so moZne poskodbe stavb.
: : ..«‘/-a/” o --

4 Vok an der Glan Serivis ok Ging

P sast o

Po ob&inah (RUMENO) Al si éutil

Analiza za obmocje celotne Slovenije

OgrozZene stavbe OgroZeni prebivalci (noéni scenarij)
Potrebna za¢asna namestitev 8627 (2%) 68784 (11%)
Bivanje v stavbi je mo3no 246254 (83%) 448914 (73%)
Neocenjene stavbe 39890 (13%) 89943 (14%)
Skupaij 294898 (100%) 613193 (100%)
Analiza po ob¢inah
Zanesljivost ocene pri ob&inah oznacene z * je bistveno manjs$a od ostalih.
R T a Stavh = s
(RU) (ZE) (N/A) (RU) (ZE)  (N/A)
BOROVNICA 6 1917 374 110 2961 614
BREZOVICA 432 5321 361 677 8861 1356
7% IG 415 3645 682 676 4636 1036
Legenda infenzitete (EMS): KRANJ 105 14798 1141 3525 41682 2949
Tresene brex bk zmemo molnejhe [zelo mednol nasino
Poliode| traz | brx | waride | waniés | zmeme | motne | rublcs | rible LITWA * 33 7443 983 579 11133 1564
kerahtota] 1 v o _ LJUBLJANA 6271 53240 12551 55476 115312 40597
LOG-DRAGOMER 57 1517 177 73 3210 269
LOGATEC 36 5792 832 283 9948 2398
MEDVODE 28 6683 1068 285 12842 1612
VODICE 5 2264 310 10 4132 435
VRHNIKA 38 6767 985 392 12062 1607
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Informing the public

Researc h repo rt 1: http://www.sos112.si/slo/tdocs/naloga_99.pdf
Research report 2: i mmsosizssordocsnsiogs 10201

Broc h ure / d dults: http://www.sos112.si/slo/tdocs/brosura_odrasli_potres_2012.pdf
Broc h ure / kl d S hitp://www.sos112.si/slo/tdocs/brosura_otroci_potres_2012.pdf

Web tool Questionnaire for the estimation of
expe Cte d d am ag e http://potrog2.vokas.si/

Web tool Rapid Damage Assessment System

http://potrog2.vokas.si/

Meetings with representatives of ministries, municipal
departments, building maintaining companies

Publishing scientific papers
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Potres!

Kako ravnati

Kako sami ukrepate
pred potresom

Poucite se Karta potresne intenzitete Slovenije

Slovenija leZi na potresno nevarnem obmodju, za povratno dobo 475 let *
zato so potresi pri nas pogosti. Vecina je zelo ibkih 5 = : z

in jih ne zaznamo, le zelo redki so tako mocni,
da povzrocijo skodo.

ucinke potresov lahko pri¢akujete na obmodju,

Na karti potresne intenzitete preverite, kakine
na katerem Zivite.

Ob mocnejsem potresu
se lahko zgodi, da:

ne bo zagotovljena preskrba z elektriko

in zemeljskim plinom;

bo motena oskrba z vodo oziroma voda

ne bo pitna;

bo poskodovan in zaradi tega neuporaben
kanalizacijski sistem;

sistem ogrevanija, ki ga obi¢ajno uporabljate,

Evropska potresna lestvica (EMS) ima 12 stopenj. Vir: ARSC.
ne bo deloval ali ne bo varen za uporabo; VI EMS — potres 2 manjimi poskodbami: mnogi se prestrasijo in zbeZijo na prosto. Nekateri predmeti padejo na tha. Na

i o i ¥ g Stevilnih stavbah nastanejo manjSe nekonstrukajske poskodbe (lasaste odpadejo manjsi kosi ometa);
stacionarni in mobilni telefoni ter interet b ijske poskodbe (lasaste razpoke, odpadejo manfSi 0);

£ VIl EMS — potres 2 zmermim i: veding ljudi Siin zbezi na prosto. Stabiln pohiStvo se premakne iz

ne bodo delovali . woje/egebrp:redmdipadejbspofk S{evinedobm’gmjmmwbe i a i ,Ww.,;( v
stenah, odpadejo deli ometa ali dimnikoy. No starejSih stavbah se lahko pojavijo velike razpoke v stenah, lahko se porusijo
predelne stene;

i i ite: VIl EMS — 2 moénimi poskodbami: fiudje s teZavo lovijo ravnoteZie. Pojavijo se velike razpoke na stenah Stevilnih

- Zatoss pnpraVIte' :mvaPﬂpmamm’snmdwmgl‘:i}.:nmﬂmaasfwu@bmnfshbagzel;rwmslranvv”:esehnmpo;mvrda!i.

zadostno zalogo vode - preskrbite si vodo

v plastenkah, dodatno lahko pripravite tudi © Ueinki potresa se lahko dodatno povecgjo na tieh s slabSimi geoloskimi razmerami, na strmejsih pobodjin in obmodjin

sredstva za razkuZevanje vode; Visoke podtahice

sov ne moremo napovedati
niti jih ne moremo prepreciti, lahko pa se nanje
skupaj s starsi in ucitelji ze vnaprej pripravite.
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Available online at www sciencedirect com

ScienceDirect Procedm'

Economics and Finance

ELSEVIER Procedia Lconomics and Timance 00 (2014) 000-000

www.elsevier.com/locate/procedia

4th International Conference on Building Resilience, 8-11 September 2014,
Salford Quays, United Kingdom

Aspects of earthquake risk management i Slovenia

See discussions, stats, and author profiles for this publication at:

HARMONIZED DATASETS FOR INTEGRATED
DISASTER MANAGEMENT SUPPORT

Conference Paper - September 2015
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