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Seismicity of Vrancea subcustral source (60-180 km) in
ITS5UFvRER Carpathian Mountains
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“"Nowhere else in the world is a center of population so exposed to
earthquakes originating repeatedly from the same source”

C. Ye4— 19774%3AH Charles Richter. 15 March 1977,
= fiF 56 00 1 etter to the Romanian government

B

World Map of Natural Hazards prepared by the Miinich Re, 1998

indicates for Bucharest: “Large city with Mexico-city effect’
BAKBOHFMETIOLANMITAFSamZR AR DIBH T T) DHHKHH

“The unusual nature of the ground motion and the extent and
distribution of the structural damage have important bearing
on earthquake engineering efforts in the United States.”

Jennings & Blume, NRC & EERI Report

BECELGIMEESFELBEREOLMIEKEICS TOMEBIS
BELERERDO Sz 1ZH EERHEEE

1000 yr catalogue of Vrancea earthquakes
ISV FritBRBEOAZOYT

= Major historical events and major earthquakes in the XX century

Epicentral Moment

Event intensity [, o | magnitude M_

Obs

1802, October 26 - . Largest Vrancea event ever occurrad
1819, November 20
1838, June 23

1940, November 10
1977, March 4 g Largest seismic losses ever experienced

19tfp&20tH AR D ELHE




Nov. 10, 1940 earthquake | 1940511 10E DR March 4, 1977 earthquake | 197743548 O#HE

Mep=7.4; M =77 ( = ch =
GR w . . M, =7.7; h =109 km FE1, 5784 (55, THLANETI, 424%)
AFE11, 2214
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= At least 350 deaths in Romania
REIFIL—<=FLETI50ELE
= Collapse of Carlton Building in
Bucharest
-11 storey, h=47Tm
- RC frame
- 130 death
THLROB—IVEVELDEE
= |mportant damage in Chisinau, A e | ;i
. « Total losses in Romania :2.05 billion USD  (100%)

» Destroyed or seriously damaged housing units and

caused lesser damage to other dwellings

HFERATIS S HEFHWE
The World Bank estimation of losses (Report 16.P-2240-R0O, 1978):

- R W N W = O Em ™

R. of Moldova - :
* . g Construction losses :1.42 (70%)

1977 FHRIC RSN
International lessons unlearnt from the 1977 earthquake BADH A TINCERCISREShI-ABH
T, —Y=F7 TRAOEHEMSMO T,

1 WRBHENOGNALUMDETORNOLEHZT S ETHS. :

“A systematic evaluation should be made of all buildings in Bucharest erected prior to EJ o = EN 5 - e
the adoption of earthquake design requirements and a hazard abatement plan should < ;E HREH seismic station INCERC
be developed.” Kenchiku Kenkyu Shiryo Bucharest
From Na20 January 1978
Observation on the of in the F q of March 4, 1977° by G. Faltal, E. Swmu and Ch.
Cluver. Edited as the NBS Special Publication 490, US Dept of Gommerce, National Bureau of Standards, Sept 1977. Conp
2 REHBOFEEZER.ARITRETHD. M s
“Tentative provisions for consolidation solutions would preferably be developed gw
urgently”. i
From . ~
First strong ground motion recorded

“The Romanian sarthquake. Survey report by Survey group of experts and specialists dispafched by the Government of : X
Japan (K. Nakano). Edited by JICA, Japan Intemational Cooperation Agency, June 1977, in Romania

3 hRUYRIHMEVFHED T HL XM CRLEEMNKEN o,
“Bucharest had been microzoned as part of UNESCO Balkan Project, with microzones

denoting three levels of risk. The worst destruction occurred in lowest-risk microzone,”
From:

“Earthquake in Romania March 4,1977. An Engineering Repovt” by G. Berg, B. Bolt, M. Sozen, Ch. Rojahn. Edited by
Nahbonal Academy Press, Washinglon, .G 1980




March 4, 1977, INCERC Station in Bucharest
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High dynamic amplification at long periods,
dangerous for high-rise buildings,
that makes Buchares! the
most dangerous capital city of Europe
REAHTREKBESLIRELNHY . EEEY
ISR THS, 32 M ELITHERLT=,
32 tall buildings completely collapsed
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1977 MBEHOTHLRE
1977 earthquake in Bucharest

1977, 1986, 1990 RI- & HIL—2=7EN DR X ENINEEDIRHE
The recorded maximum peak ground acceleration in Romania
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HRBITOLAR—
World Bank report

BII5PHK: AREHEERS N —F-URIEE
“Preventable Losses: Saving Lives and Property through Hazard
Risk Management”
Strategic Framework for reducing the Social and Economic Impact of
Earthquake, Flood and Landslide Hazards in the Europe and Central Asia
Region

Draft, May 2004

* Romania is regarded as one the most seismically active countries in
Europe IV—Y=FIF3—OyN\TRLEETZBHFERCEDO—DTHS.

* Bucharest is one of the 10 most vulnerable cities in the world.
THLREHRATRLBEBE108HO—2THS,

National programs for seismic risk mitigation in

Romania
L—=—FEOMEHKTOTSL

B/

* Strengthening of “seismic risk class I” buildings:
ki .
WEYZH T OEMORBE Legislation + Construction work

* Upgrading of the code for seismic design of buildings and

structures

[5). 221056
* Seismic instrumentation

$h R
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Recommendations for Romania:

+ Upgrade the legal framework for hazard specific management;
KBISHT HEMELEDER
+ Review the existing buildings code for the retrofitting of vulnerable

buildings; HEREZEDRELLEEEDDHHR
+* Conduct a Compfeheﬂsl‘ve pﬂbﬁc awareness Campaign for the

earthquake risk; HEJVRYICHTIHEOEHF L
» Invest in hazard mitigation activities in order to reduce the risks
L REBAOHRE

BAGRFISHT HBFBRE O
* Develop financing strategy for calastrophic events.

caused by earthquakes;

Central Bucharest: 129 buildings built prior to 1945 and

listed as having seismic risk class 1 in ggﬁaﬂ%gﬂtl[%q%
bapl<
earthquake, Mwz7.5 =251 ormas
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Strengthening of 9 storey residential building
in central Bucharest ofgTHAaZEDHMA

FHALRDESEEDHME

Catogory

No. of.
buildings

No. of
apartments

Strengthening of residential buildings in Bucharest

Total floor area.

m-

26

716

79648

111

3189

395738

263

2668

366228

299

10732

046944

69

1590

182622

6

86

12530

1658

5037

753706

8

147

1522

92122

TOTAL

2579

25540

2829538

Retrofitted buldings

Seisuuc nsk class I buldings that represent public danger
Seismic nsk class I buildings

Serzmice nsk clase IT buildings

Seismic risk class II buildings

Sersmic nisk class IV busldings

Buldings seismucally evalvated according to P100-92

| June 2012, after ~ 15 yr of actions:

26 buildings are fully retrofitted
out of which
11 were seismic nisk class |

26BMHBEH (FDI511EIEXIFR 1)

Bumldings seismically evaluated but not ranked within a seismic nsk class.

Hft5575 7 RS2 TRCEY
Fragile 7-story RC
frame building with
"

groundfloor, built &

in '60s, Stefan cel
Fragile tall RC Mare Boulevard
buildings with soft

and weak
groundfloor, built
in Bucharest,

1960-1977
1 960_— 1977
IE587% 7B TRCEY

Fragile 7-story RC frame building
with soft and weak groundfloor,
after 1977 seismic event, Stefan
cel Mare Boulevard

Hé%i&l:ﬁ_? £ i TR
iS4 = SR R =
EERCEM DL AN T copprehTT R & Ghasy

2 4 Kilometers




MEEEOHE
Upgrading the code for seismic design of buildings and
structures

FEICHIIMEELE

The code for earthquake resistance of buildings,

P100/1-2006, following EN 1998-1 format, was enforced (Jan 2007)

BEEVNODHMAREE

P100/3-2008, following EN 1998-3 format, was enforced (2008)

FEICHTIMEEE
The code for earthquake resistance of buildings,

P100/1-2006, is under revision

P100/1-2006 B #E (= HF 2 ARI ML DOIA—F—REATcH B

Zonation of control period of response spectrum, T¢
P100/1-2006 Code

it it =3
= {
v M R

P100/1-2006 B #(2 3511 B M BV R AR E DFEE S T
Probabilistic zonation of peak ground acceleration for design

P100/1-2006 Code: MRI =100 yr

Normalised Response Spectra in EC8 format
P100-1/2006 REtREEBIZRIML




Zonation map of Romania in terms of ground acceleration &
for seismic events with MRI = 225 yr
BHREM2SEDRAMBINRERVT
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INCERC - ISC Nenwork, 2003
7 ETNA instruments

@
OFo be in

MNCA /CNRRS
2

W fere toxt and o borrhoi
@ Free Bekd and oo tuskdng

Bucharest
Seismic networks

ThL R
" Hh ERER
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SFBAET / INFP Network, 2002
158 K2 instruments
o

fokt and on
W Free MaT a0 00 Duddog
Existing INCERC Network, 2002 ]
§ SMA-T analog instruments z
2 continuvous monitoring stations L

Romania = ER R
Seismic networks E S By

SFE4G1INFP Notwork, 2002
&4 K2 wtwtions (15 in Bucharest)

WELEEROERIOCI I

2. International projects for seismic risk mitigation in
Romania

* JICA Project - Reduction of seismic risk for buildings and structures
in Romania

* CRC 461 Project — Vrancea Earthquakes. Tectonics, Hazard and Risk
Mitigation

* RISK-UE - An advanced approach to earthquake risk scenarios with
applications to different European town

* PROHITECH - Earthquake Frotection of Historical Buildings by
Reversible Mixed Technologies

* World Bank Hazard and risk mitigation in Romania
- Component B: Earthquake Risk Reduction

Reduction in Countries Iinfluenced by Vrancea Ei



JICA PROJECT - Reduction of seismic risk for buildings

and structures in Romania
BA:IL—=FD5 X 100AEIZ, JICATAD T HNRE—FLT=,

* Project signed in 2002, when 100 years of diploematic relations between
Japan and Romania were celebrated

Partnership of 3 institutions:
L—=_FAHEFAEMDLPLO TD3DDFEHMEM 1 H
National Center for Seismic Risk Reduction
Technical University of Civil Engineering Bucharest

National Institute for Building Research, Bucharest

under the authority of:

Ministry of Development, Public Works and Housing

* Project duration: 5.5 yr

Structural testing equipment - Reaction frame

B A5 L 1- 18 18 RER i

v'Maximum weight of tested specimens - 7t
¥'Maximum dimensions of the tested specimens

v Reaction frame 9.7m x 7.6m

JnszHhER

Total cost of the project

7 mil. USD - Donation from JICA

gt s
* Equipment cost 3 mil. USD:

- Soil testing laboratory
- Structure testing laboratory

- Seismic instrumentation network in Bucharest and Romania

(free field, borehole, buildings)

HE - FFIRIRE

+ 29 Romanian young students/engineer trained in Japan

* 46 Japanese short term and long term experts in Romania

JICA Project — structural testing
JICATR DI Mk S ERR

Soecinen o | Ammare | Armare | Armare | Mod de
b “orinda”| “stalp™ | inima cedare

Forta
ftaietoare
Fora
| taietoare
Forta
taietoare

sporita

sporita

sporita

normala - Incovoiere
nommala Incovoiere




Equipments for soil investigation

JICA Project — structural testing
) - ) Triaxial testing equipment 381 B 5EE

u & ; PS logging, downhole method results
‘ ‘ ‘ ﬂi 44 — PSEREIC& 5 BHE

triaxial testing
equipment for
Civil Protection site

Results from

triaxial testing

equipment for
UTCB Plevnei site




JICAZO /ot HEBEBRAIRYET—
JICA Project — seismic network
“TNA-Kinemeirics and Geosig accelerometers
channels) - placed in free field outside Bucharest

v ALTUS K2-Kinemetrics and Geosig accelerometers (12
channels) — installed in boreholes and buildings inside

Bucharest S—
Seismic network

outside Bucharest Bucharest Bucharest
ETNA & Geo K2&Geo K2&Geo

8 sites 8 sites 5 sites

6 - JICA 7 - JICA 4 - JICA

2-MTCT 1-MTCT 1-MTCT
e e EMN

National Romanian Television.
RC frame structure built before
1977 earthquake
(14 storeys)

BE/I—<=FFLE

Typical RC
frame structure
residential
1 Buildings
-ﬂ 1 - after 1977 (11 storeys)

2 2 - before 1977 (7 storeys)

YO ITOTRTIVERITAES
20024EMRCE 190

BRD - Société Générale
bank headquarters

RC structure, 2002

19 storeys

——

—

27 October, 2004 seismic event

2004410 B 27 B DA ERsR




JICA Project for Seismic Risk Reduction in Romania

JICATOY KB IL—<=F DRE S

Sty L IR L
/1) A0S - '-'{'-\:mxznr

Earthquake Hozard and Ty
Countermeasures for Existing
Frogile Buildings

TER Ty b B, 8 el ey

Pt

International Symposium on
Seismic Risk Reduction

Ti LA "o st {sparpimn Frupect m Amenan

International Symposium on Seismic
S isk Reducti e JIC.

Seminar, Bucharest, ,,R;d_ RT"':‘( o ?—h" j_t_‘i
Nov. 23-24. 2000 Technica (.ao;.w.mnon Project,

Bucharest, April 26-27, 2007

JICA International

Earthquakes: A Challenge for Geosciences and Civil

Engineering

Starting Date:
Ending Date:

JICA Project for Seismic Risk Reduction in Romania

JICATOS I ORI R T #. 20104E8 AITIL— =7 RFF I HBRE K o 2—ZfREL,
WM EINCERCIZHLT=. B2 8— A2y D #LITKE (UTCB)ICE =,

Even the NCSRR was created for building a capacity to
last even after the termination of JICA Project in
omania, in gus - Romanian 1f1
decided to dismantle the Center and to relocate the
equipments to the former partner, INCERC. The whole
staff of NCSRR from UTCB (almost 90% of the staff of

Iy

It i1s like a computer with the software (highly trained
engineers) in one place and the hardware (equipment)

in some other place — not operational.
ChiFAVEL—RTHANIE. YIF(AM) EN—F (M) ZBIDBATISS H7=2
EIZiRY | HEREL LY,

Strong Eanthquakes:
A h

£ !.\I
A CHALLENGE FOR CLOSCIENCES
AND CIVIL ENGINEERING

b T
IR T

Future
Extension of seismic cooperation
?
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Participants

®* Collaborative Research Center (C 461: “Strong Earthquakes:
A Challenge for Geosciences and Civil Engineering”, University of
Karlsruhe, Germany

Earthquake.

- INFP, National Institute for Earth Physics

- INCERC, National Institute for Building Research
- University of Bucharest, Faculty of Geology and Geophysics

- GEOTEC, Institute for Geotechnical and Geophysical Studies
and others

IL—T=FUTCBAE LR YKarlsruhe KE T, shBHETHLAMHA
[CHICEEY Sl
The contribution of engineers from RC departments in both UTCB

& Univ. of Karlsruhe to the CRC461 seismic instrumentation

project in Romania was focusing on conversion of the original
pattern of CRC461 instrumentation initially planned outside
Bucharest into finally dense seismic instrumentation inside

Bucharest.

That new pattern of the CR 1 network in Bucharest was the

characterization of site conditions in the capital city of Romania.

CRC361iMEBARYFI—S1%, BT HLANDF DB (o0 —=24
BAEOEREELD,

Project planning O x4t
A I: Deep Seismic Sounding of the Vrancea Zone
A B: Stress Field and Geodynamics
A T: Strong Ground Motion Assessment
B 1: Three-Dimensional Plate Kinematics in Romania

B 3: Seismogenic Potential of the \francea Subduction Zone - Quantification of
ource- and Site-Effects from Strong Earthquakes

: Non-Linear Wave Phenomena in Fine and Soft Soils

6: Geotechnical and Seismic Microzoning of Bucharest
: Hydrogeology and Site Effects by Earthquakes in Bucharest
: Methods for the Retrofitting of Damaged Buildings

: Image Analysis in Geosciences and Civil Engineerning
: Knowledge Representation for Disasters with a Technical Information System
: Novel Rescue and Restoration Technologies
: Vulnerability Analysis of Existing Structures
entral Geographical Information System (GIS,




Agvances in Natural and Technological Hazards Research

Vrancea Earthquakes:
Tt_ectonic_s, szard and
Risk Mitigation IS5 F BT 584

F. Wenzel, D, Lungu (Edtors) and DEBEI—avF 19974
0. Novak (Co-Editar)

First International Workshop on
Vrancea Earthquakes,
Bucharest, Nov. 1-4, 1997

Kiuwer Academic Publishers

RISK-UE - An advanced approach to earthquake risk

scenarios with applications to different European towns

RISK-UE 3—RAY/N\DERLZZHTOMBIRILTUAHR

D

20015 M 520045 F TET2,477,6431—0A
Amount:
Funding: EC : 66 %
participants: 34 %
Starting Date:
Ending Date:

EARTHQUAKE LOSS ESTIMATION  EARTHQUAKE LOSS ESTIMATION
RISK REDUCTION RISK REDUCTION
A

Oct. 24-26, 2002
Bucharest, Romania

RISK
L 1
An advanced approach to earthquake
risk scenarios with applications to
different European towns

RISK-UEZRS xSk
A—Ay/RQELZIBHOIEBEIYR I FUAHE

Bucharest
o

» Sofia
BitOIEI* x
*
Thessalonik

Barcelona »

* ;
Catania



Project planning S nee
TSz o REE Participants

. Evaluation of European distinctive features

P. Mouroue

arthquake hazard assessimen Bureai de Recherd ws et Minidres, BROM, France

Preject Co-ordmator

Chalagia tactaniques o wsent et ricoues, France €. Martin

Folit filano, PFOLIMI Tialy E. Faceiol

4: Vulnerability assessment of current buildings 2 aly S. Lagomarsine
D. Lungu

A. Roga

. Urban system analysis

- Vulnerability assessment of historical and monumental buildings

. Vulnerability assessment of lifelines and essential structures A 2 Uiy ] b, A g K. Pitilakis
§ . . i % FYROM Macedoma | Z. Milutinovic
/- Earthquake risk scenarios p— o Mechanics and Eorth SIEE, Bulgaia | M. Kostoy

Workpackage 1 of RISK-UE Objective 2 - Europe inventory database and typology
European distinctive features, inventory database and typology Classiﬁcatiulﬁu%%iidirzalg? E&gﬁﬁjﬁﬂﬂi@@%ﬁiﬁ@ BHE

Objective 1 - Distinctive features of European towns

. TO\'\.-'II identiry E E(]1 : E_D‘y,\"%ﬂfﬁo)ﬁﬁ I '\-.'Ii‘ I BETLDING STOCK

= Population characteristics

« Urbanised area and elements at risk

= Impact of past carthquakes on elements at risk

* Geological, geophysical and geotechnical information

* Evolution of earthquake resistant design codes
= Earthquake risk management efforts
References




*Code level

Number of

housing units

Building typology matrix, BTM EWM214~

Reiuforced concrete strucrures

Concrete monvent Sames

Concoete shear walls

s with unreinforced masonry

franses

1 (ie. imegular strocroral

softueal: shory)

B Dual systems (RE frames and walls)

Precast Concrete Tili-Up Wails

Precast Concrete Frames with Comcrete] L
shear wally

N - no code;

L - low-code (designed with unique arbitrary base shear seismic coefficient);
M - moderate-code;
H - high-code (code comparable with Eurocode 8)

Number of housing units for 7 towns

7THTOEER

00,000 -
800,000
700,000
600,000
500.000
400,000
300,000
200,000

100,000

Barcelona  Bitola  Bucharest Carania  Nice  Sofia  Thessaloniki

Population density in the 7 towns

7T8HOAORE

Population
densjty, 15.000

2
persons/km 10,000

0

Barcelona  Bitola  Bucharest Catania  Nice  Sofia Thessaloniki

A—Ov/\DEDANY I DIEBIEEL4T
Vulnerability and typology of European buildings stock

Building stock age in the 7 towns versus
Seismic codes inter-benchmark periods
7HTOEVOTEBETORPLEE DD

Town Seismic codes inter-benchmark periods

Pre-code Low.-code Moderate code

“ge
L

48%

Data nol available

20% LT 1Y ]




BEEENOEN>DOREICEHLSTOSIIH
PROHITECH - Earthquake Protection of Historical

Buildings by Reversible Mixed Technologies

20044 H 520074 ET

mount:

Funding: EC: 88 %,
participants : 12 %

Starting Date:

Ending Date:

S
Participants

1
UNIVERSITY OF NAFLES FEDERICO I - DNGEVEDRING.

UNIVERSITY OF LIEGE

UNIVERSITY “515. CYRIL AND METHODIUS OF SKOFJE
INATIONAL TECHNICAL UNIVEREITY OF ATHENG

UNIVERSITY OF NAPLES FEDERICO I ARCHITECTURE

ANSTITIITO STFTRIOR TECNICT OF LEBON

THE S POLITENICA “ UNIVERSITY OF TIMISOARA
TECHMICAL UNIVERSITY OF CIVIL ENCINIERING . BUCHAREST
TINTVERSITY OF LATRLIANA

moéathch mnTReTY

TECHMION . ERAFL INSTITUTE OF TECHNOLOGY, HATFA

ENCINEERING CENTER FOR ARCHAEOLOCY AND ENVIRONMENT (ECAE) - FACULY
OF BNGINEERING - CAIRO UNIVERSITY

MATIONAL SCTENTIFIC AND TECHNICAL RESEAR CH CENTRE
SECOND UNIVERSITY OF NAPLES

FACULTEDE CENIE CIVIL, UNIVIRSITE DES SCIENCES ET DE LA TECHNOLO CIE,
(USTHE) ALGIERS i

UNIVERSITY OF CHIETIPESCARA

Fad/rEtE
Project planning

Overview of existing techniques
2: Damage assessment

4: Intervention strategies
Innovative materials and techniques
Reversible mixed technologies
/- Experimental analysis
8: Numerical analyses
9: Calculation models
> 10: Validation of innovative solutions and procedures
11: Study cases
2: Design guidelines

HARTICEDTOD I

World Bank Project in Romania

ComponentA: TR AV DAL

Strengthening of disaster management capacity

Component B:  h1) R 5D
Earthquake Risk Reduction - 71.2 million US$

Subcomponents: #3822, REHEDORE ., HRO=HOTE
«Strengthening of high priority buildings and lifelines

*Building code review and study of code enforcement

*Professional training in cost effective retrofitting

Components C, D&E: Flood, Pollution & Project Management
HK, AERE




Distribution of buildings with occupancy
HERBEVDOSH (ETALRE, A b5

N
A S s
. RS
/. Public
¥ 12%
.
f Educalion;\\

18%

.

Hospitals
40%

Bucharest Other cities

Conclusions

Weak political support — results pay off later LVBUaYHR—F
Low public awareness — time between earthquakes longer
than the vivid memories of the public — as consequences:
- Disaster relief — OK gumgm S
B 1 T RELT, HEAOERSY
Preparedness — low L ORI

Retrofitting of residential buildings — hard process because
of social issues: multiple owners, lack of aware
po\-'erl).-;_j uridi_c.al iss?ue.s on _propqu ;‘_frﬁ.a)ﬁt\wg)f%
International financing bodies of retrofitting programs —
focus on public buildings and structures

ERRE S A {ENOHERIC

ERhHd(EEOSREHED

MMM BELEMESD)

Distribution of number of Distribution of cost for
buildings to be retrofitted buildings to be retrofitted
HRSDELERYO L E FHRICHELIARMDELE

Conclusions

Further actions TEDRE

Ye el ~ar C: s S T < i s 1
investigation to be used within IPRED missions; manual
shall include very clear rules and very precise criteria for
making the decision on the damage state of the buildings
The post-earthquake investigation information on the
damage on buildings, structures and lifelines shall be
valuable in two directions: BHOMBEOSHOEEM
- lessons learnt on the vulnerability of different building
typologies and/or construction techniques and details;
e used fo improve the seismic
design regulations; ~— HEEEOHJIHNTER
statistical information for different building typologies
and different seismic demands; this information might
ed for both seismic design regulations and for
fragility/vulnerability and risk analysi




