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ABSTRACT

The paper presents some of the main scientific
results achieved in the framework of a recently
completed NATO Science for Peace and Security
research project. The project aimed to harmonize
the different seismic hazard maps of Romania,
Moldova and Bulgaria and to develop standard
mapsin Eurocode 8 format, reflecting thereal trans-
boundary geophysical effects of the seismic
phenomenon. In order to achieve these results, an
important amount of research work inthefield was
carried out by the project teams of the three
countries. The project also involved training of
young scientists in the fields of seismic hazard,
vulnerability and risk, organizing of seminarsand
workshops with international experts and
upgrading the national seismic networkswith new
digital equipments. The genera coordination of
project activities and the eval uation of the project
progress were performed by a scientific team from
the Middle East Technical University (METU) in
Ankara, Turkey.

Keywords: seismic hazard, seismic risk, Vrancea
zone, NATO research project

1.INTRODUCTION

Theproject was carried out between 2005 and
20009, by scientistsfrom the Republic of Moldova,
Romania and Bulgaria. The organizations
participating in the project were: the Institute of
Geophysics and Geology, |GG, Chisinau, the
Nationd Ingtitutefor Building Research, INCERC,
Bucharest, and the Central Laboratory for Seismic

REZUMAT

Articolul prezintd cateva dintre principalele
rezultate stiintifice obtinute in cadrul unui recent
proiect de cercetare NATO desfasurat in cadrul
programului ,,Stiinta pentru pace si securitate”.
Proiectul a urmarit armonizarea diferitelor harti de
hazard seismic din Romania, Moldova si Bulgaria
si dezvoltarea de harti standardizate in format
Eurocode 8, care sa reflecte efectele geofizice reale,
transfrontaliere ale fenomenului seismic. Pentru a
obtine aceste rezultate, un volum important de
cercetari in domeniu a fost realizat de echipele de
proiect din cele 3 téri. Proiectul a implicat, de
asemenea, pregatirea tinerilor specialisti in
domeniile hazardului, vulnerabilitatii si riscului
seismic, organizarea de seminare $i workshop-uri
cu experti internationali, precum §i modernizarea
retelelor seismice nationale cu noi echipamente
digitale. Coordonarea generala a activitatilor si
evaluarea progresului proiectului au fost realizate
de catre o echipa stiintifica de la Universitatea
Tehnica a Orientului Mijlociu (METU) din Ankara,
Turcia
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Mechanicsand Earthquake Engineering, CLSMEE,
Sofia. The evaluation of the project progress and
generd coordination of the project activitieswere
performed by ateam fromtheMiddle East Technicdl
University, METU, inAnkara, Turkey. The project
amed the devel opment of auniqueapproach tothe
saismic hazard assessment from the VVranceasource
for al affected countries.
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2.SCOPE AND OBJECTIVES
OF THEPROJECT

Themain coreof theproject wassaismic hazard
assessment of Vranceazone, taking into account
directivity effects, local soil conditions and
vulnerability of theexisting building stock. In order
to enhance the scientific infrastructure of the
participating countries, it hasa so been proposed to
upgrade the national seismic networks with new
digitd accelerometersand other equipments. Inthis
way, acquisition of high-quaity earthquakerecords
inthefuturewill contributeto better understanding
of geodynamic processesat regiond level.

3.SCIENTIFICRESULTS

3.1. ROMANIA

3.1.1. Shake Maps of Strength and
Displacement Demands for

Romanian Vrancea Earthquakes

Anextensvestudy wasperformed at INCERC
on Vranceaearthquakes having moment magnitude
M, 3 6.0, recorded in Romaniaduring thelast 30

years. In the first phase of the study, maps were
generated for peak ground accd eration (PGA), pesk
ground velocity (PGV), effective peak ground
acceleration (EPA), effective peak ground vel ocity
(EPV) and control (corner) periods of response
spectra(T_. and T,). The second phase of the study
focused onthedeve opment of mapsfor linear eagtic
accel eration and displacement spectrawhile, inthe
third phase of the study, mapswere generated for
inelastic, constant ductility, acceleration and
displacement spectraordinates.

Thefollowing Vranceaeventswereconsdered:
August 30, 1986 (moment magnitudeM, =7.1, foca
depth h =133 km), May 30, 1990 (M _=6.9,h=
=91 km), May 31, 1990 (M = 6.4, h =79 km)
and October 27, 2004 (M, = 6.0, h=96 km). For
each event, seismic datawas mapped for thewhole
territory of Romaniaand for the areaof the capital
city, Bucharest. Recordsobtained from the seismic
networks of Moldova and Bulgaria were also
included, whereavailable.

Based on map ordinates, interpolation surfaces
and contoursof congtant va ueswere computed and
plotted, by using GIS software (Craifaeanuet d.,
2006, Lungu and Craifaleanu, 2008). Some
examplesaregiveninFigures1-3.

Figure 1. August 30, 1986 earthquake. Distribution of elastic (m = 1.0) and inelastic (m =1.5, 2.0, 4.0)
spectral acceleration for structure period T=0.5s

(@m= 1..¥0d (b)m=15

c)m=2 (dm=4

Figure 2. Three-dimensional view of the interpolation surfaces in Fig. 1
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Figure 3. Bucharest, August 30, 1986 earthquake. Distribution of elastic (M = 1.0) and inelastic
(m=1.5, 2.0, 4.0) spectral acceleration for structure period T=0.5s

By examining the maps, aclear tendency of
decreasing Spectrd ordinateswithincreasing ductility
can beobserved. Thespatia distribution of spectral
accel erations becomes more uniform asductility
increases. This phenomenon was observed on al
maps, irrespectiveof thestructure periodfor which
the spectral ordinateswere computed. However,
theinterpolation surfacedoes not flatten uniformly,
astherate of variation of spectral ordinateswith
ductility isdifferent from one ground motion record
to another (Figure 2).

Vibration period of SDOF system also hasan
important influence on spectral accelerations.
However, inthelong-periodrange,i.e.forT=15s,
the amplitude of this variation attenuates
considerably, as a consequence of the frequency
contentsof theground motions.

Contour mapsared so sengitivetofactorslike:
number of stationsthat provided seismic records

Ukraine wcen  Fep. of
ik Moldova
;

Hungary

s
i

Bulgaria

aDM.uy=2

and values of the numerical parameters used to
generatetheinterpolation surface. One of the most
significant conclusionsisthat thespatid distribution
of seismic strength demandsismore uniformfor
structures with inelastic behaviour than for the
structures behaving elastically. As a result, for
common structuresinwhichinelastic behaviour is
alowed under the design earthquake, theinfluence
of theother factorsaffecting spatial distributionis
lessimportant than anticipated.

3.1.2. Assessment of the Damage Potential
and of the Building Performance
Demands for Romanian Vrancea

Earthquakes

Maps were generated for two values of
structure period, T=0.5sand T=1.0s, and for

o
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Figure 4. Spatial distribution of yield strength demands (Cy) for the Vrancea earthquake of
August 30, 1986. Structure period T=0.5s
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threevaluesof theproduct DM.p ,i.e.2,4and 6,
where DM isthe Park-Ang damageindex and 1 is
theductility under monaotonicloading. By mapping
theyield coefficient ordinates, C, forthe35 seismic
stations considered, the mapsin Figures4 and 6
were obtained. The maps display the spatial
distribution of theyield strengthsvaluesrequired to
keep the structural damage below acertainleve,
given the value of the structure ductility under
monotonicloading (Craifaleanu, 2008a). Figure5
shows 3D representations of the interpolation
surfaces.

Thedetailed spatiad digribution of yield strength
demands for the city of Bucharest and structure
period T=0.5sisshownin Figure6, for the same
vauesof DM.u, mentioned above.

3.1.3. Comparison of the Requirements of
Present and Past Romanian Seismic
Design Codes, Based on the Required
Sructural Overstrength

Asapart of the process of harmonization with
European standards, asubstantial effort has been
made in Romania in recent years to implement
regulations concerning the seismic design of
buildings. Most of the provisions of Eurocode 8
Part 1 (CEN, 2004) were adopted (with anumber
of required adjustments) in the new Romanian
seismic design code, P100-1/2006 (MTCT, 2006).
This new code introduces important changesin
comparison with the previous one, P100-92
(MLPAT, 1992), one of the most significant being
theevauation of seismicforces.

Cy
T=0.55, OM.p=4

b) DM.p, = 4

Figure 6. Spatial distribution of yield strength demands (Cy) in Bucharest, for the Vrancea
earthquake of August 30, 1986. Structure period T=0.5s
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A comparativeanaysisof behavior factorsand
selsmic forces specified by two versionsof the code
is performed in this paper with reference to the
provisions of Eurocode 8. As aresult, required
overstrength isevaluated for both versionsof the
Romanian seismicdesign code. Based ontheresults,
Severity assessmentsaremade (Craifd eanu, 2008Db).

The required overstrength is expressed by
meansof factor R , calculated asaratio between

¥
A

thedemand, expressed by actua spectral ordinates
with 10 % probability of exceedance (determined
by considering alognormal distribution for aset of
real records), and the code specified design spectra.
Both typesof spectraweredetermined for thesame
specified valueof theindastic behaviour factor (i.e.
the g factor inthenew codeandthe y coefficient
intheold code, respectively).

a
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Figure 7. P100-1/2006. R, values for reinforced concrete structures
of high ductility class (DCH)
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Figure 9. Comparative diagrams of R ,
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The study demonstrated that the required
overstrength for thestructuresdesigned toresist the
saiamicforces gpecified by the new codewas|ower
thanthat intheold code. Thisprovidesanindication
of amore conservative character of the new code.

3.2.BULGARIA

Thewavefiddradiated by theintermediate-
depth (70to 170 km) Vranceaearthquakes, mainly
at long periods (T > 1s), attenuates less with
distance, compared to thewavefield generated by
the earthquakeslocated in other seismically active
zonesinBulgaria Theregiond seismichazardinNE
Bulgaria, where the town of Russe is a major
indugtrid and culturd centre, iscontrolled mainly by
theVranceaintermediate-depth events. Urban areas
located at fairly large distances from earthquake
sources may thus be prone to severe earthquake
hazard aswell asthenear field sites. Theavailable
strong ground-motion database is too limited to
reliably quantify the magnitude scaling and the
attenuation characteristics of large magnitude
earthquakes.

Themgjor resultsformul ated by the Bulgarian
teamare

- The mapping of the local geological
condition at the town of Russe following
different soil classification — Bulgarian
regulations, Eurocode 8 and UBC;

- The study of damaging effects of the
recent strong Vranceaquakesoccurred inthe

Superficial geological conditions, EC8

a)

20th century laid foundation for seismicinput
modeling and estimates of the seismicloading.
Compuitationson thecontribution of thesaismic
source and of thelocal site conditionsto the
seismicinput wereperformed, applying aneo-
deterministic seismic hazard assessment
procedure (Panzaet ., 2001; Koutevaet a.,
200843, c; Paskaevaet al ., 2008);

—Theseismic monitoringintheregion of
Russe as a contribution to the sustainable
development of theregion. Dataproduced by
sesmic-monitoringinsrumentsaretransformed
into information for the decision makers(e.g.
emergency managers, earthquake engineers)
and include analytical aspectsthat depend on
the type of data and the nature of decision
(Koutevaand Paskaleva, 2008b).

A brief analysis of available records of the
strong intermedi ate-depth VVranceaearthquakeswith
M,> 6.5 (Nenov et a, 1990; Ambraseys et dl.,
2002) hasdemonstrated the significant effect of the
earthquake source mechanism on the seismic
motion, which clearly differ in local geological
conditionsand epicentrd distances. Syntheticsaigmic
signa swere computed using the neo-deterministic
procedurefor seismicwave propagation modeling
(Panzaetd., 2001; Koutevaet a., 2008 g, ¢). For
thevdidationof thecomputed Sgndsa Russe, three
local models, corresponding to Eurocode 8 ground
type C (V, 5, = 325 m/s) have been used: (&) deep
model, top layer (of type C) 150 m thick,
(b) intermediate model, top layer 60 m thick and

| ewgeta—ta 1o o 0 00 R g ]

£ Registration station nue

b)

Figure 10. a) Mapping of local site conditions in Russe using the Eurocode 8 ground type classification,
b) Geological zonation of the city of Russe, according to UBC, overlapped with the observed
macroseismic intensity, I, MSK-64, due to the March 4, 1977,

Vrancea earthquake (Simeonova et al, 2006)
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(c) shallow model, top layer 30 mthick. For more
detailssee Koutevaet a. (2008 8). By varyingthe
parameters describing geometry and kinemati cs of
thesai smic source, severd parametricandyseswere
performed (Figure 11). These results have
demonstrated that the shallow local modelsgive
dynamic coefficients closer to the EC8

recommendations for the considered frequency
interval, 0-5Hz.

The proposed two Vrancea scenario earth-
guakes are listed in Table 1. The seismic input
computed accordingto Table 1isshownin Figures
12 and 13.

Scenario Earthquakes - strong intermediate-depth Vrancea quakes raple &
Scenario* Lat. Long. My, | Focal depth | Strike angle | Dip angle | Rake angle
Sce_1 [4576° N |26.53°E | 7.2 | 132.7km 240° 72° 97°
Sce_2 [45.80° N |26.70°E | 7.8 | 150.0 km 225° 60° 80°

* Sce_1 seismic source corresponds to the 1986 Vrancea earthquake (August 30), (Dziewonsky et al.
1991) and Sce_2 corresponds to the Vrancea 1940, Nov. 10, earthquake (Radulian et al., 2000 and

references therein; Lungu et al.2004)
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H = 80 km, CMT str - 10° H = B0 km, CMT str + 10° M= T4 km, CMY sir+ 10°

Figure 11. Elastic acceleration response spectra, computed for 5 % damping.
Synthetics against observation (solid grey line), Vrancea earthquake,
May 30, 1990, M, = 6.9
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Figure 12. Vrancea scenario earthquake,
strong event, SCE1 —Table 1

Vrancea Scenaric Earthguakes
SCEZ, Mw= 7.8, H =150 km
Eurocode &
(ECH)
— &4 =300 km
— - - 4 =350 km
. —— -4 =400 km
o ST ——-- A =450 ki
12345678 4 =800 km
gy ECGHE - A = Eurocode 8
ECE - B, sm ] Ground Type A
1 EC8-A=Eurocode &
i : Ground Typa A
Epe j {“\‘ 1 ECB-B =Eurocode B
B Ny M Ground Type B
: . -3 ECS-C=Eurocode 8
et Ground Type C

4_II| | Wikl LA LLLED LAl | ||4_| WL AL LU LLLE) | 4'"""""' W i Lo dm=d’EEPmﬂd'Elﬁ

ECH - C, dm | ECS-C,Im 1 F ECs- TE im = intermediate models
r 1 % 3 =m = shallow models

EC8-A, sm:

DYNAMIC COEFFICIENT

Elm

el )
123 46ETS
PERIOD, [5] PERICD, [s] PERIOD, [s]

Figure 13. Vrancea scenario earthquake,
extreme event, SCE 2 —-Table 1
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Themgor outcomeof theanadysisof thereaults,
showninFigures12 and 13, can be summarized as
follows

- Computed synthetic seismic input for
shallow earthquakes is consistent with the
Eurocode 8 requirements,

- For theintermediate-depth earthquakes,
local models with athin top layer of type C
supply synthetic seismicsigndls, that arequite
closeto the observed ones;

- Thesiteresponse due to both, shallow
and intermediate-depth, earthquakes is
sgnificantly influenced by theearthquake source
mechaniam;

- Dynamic coefficients computed for
accel erograms (observed and simul ated) due
to strong intermediate-depth Vrancea
earthquakes exceed significantly the values
recommended by the Eurocode 8 (EC8) for
periods T > 1s.

3.3. REPUBLICOF MOLDOVA

3.3.1. Recurrence and Probability of
Vrancea Intermediate-Depth
Earthquakes

Three methods were employed to make
estimates of recurrence intervals: (a) classical
Gutenberg-Richter (Gutenberg and Richter, 1956),
(b) maximum entropy principle(MEP) modified for
estimating the recurrence of strong earthquakes

1

(Berrill and Davis, 1980, Dong et al., 1984) and
(c) Huo and Hwang's (Hwang and Huo, 1994)
modification of the recurrence law containing
characteridicsof astochedticdigribution. Anandysis
of recurrencerelationshipswas performed for two
typesof magnitudes, for different timeintervalsand
by assigning dternaiveva uesof maximum possible
earthquake magnitude. The probability of an
earthquake occurringinaspecified magnituderange
and in a specified time limit was estimated. The
dependenceof find estimateson thechoiceof values
of M_ and M__ and on sample size was
demonstrated. From the analysis of established
interval sof recurrenceit followsthat therecurrence
period of earthquakes with M = 7.0 is from 30
to 60 years with arelatively high probability of
R = 0.5-0.7 (for T = 50 years). For magnitude
M, =7.5(M =7.7) therecurrenceinterval varies
from 100 (most pess mistic estimation) to 380 years
(most optimistic estimation) with a probability of
R=0.1-0.25 (for T =50 of years).

The catal ogues of earthquakes compiled by C.
Radu (Radu, 1982, 2003) provide values of G-R
meagnitude. Inparald, thesameca culaionsaredone
for the catalogue ROMPLUS (1998) using
magnitude M, , obtained from correlation formulas
or direct definitions of the seismic moment.
MagnitudesM_ arerecommended for estimating
saismic hazardswithintheframework of the Global
Selsmic Hazard Assessment Programme (GSHAPR,
1993) as the characteristic that most adequately

reflectsthesize of an earthquakeandisnot

affected by saturationand hasplain physica

*

1
Observ. 1
LS

sense. Actually, the G-R magnitudes are

S e | identica tomagnitudesM_(determinedfrom
0.1 LA N i S .
—— Tt by1s) 7 surfacewaves). Ingeneral, magnitudes M,
S do not pertain to intermediate depth
oot SO earthquakes (with h>60-70 km); however,

such magnitudeswerefrequently usedin

N(MG-R)

BER previousyearsto calcul ate seismic hazards

0.001

.\ | from Vranceaintermediate earthquakes.

Therefore, estimates of recurrence

0.0001

parameters are made for both types of
meagnitudes.

50 55 6.0 6.5 7.0
MG-R
Figure 14. Recurrence Graphs for Vrancea
Earthquakes with M 3 5.0

The dependence of final estimateson
thechoiceof valuesof M . andM__ and
onsamplesizeisshown. Fromtheanalysis
of established intervals of recurrence it
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Table 2.
Recurrence Intervals and the Probability of Strong Vrancea Earthquakes (data set 1)
Recurrence interval Probability Ry = 50(m)
D?;IO;VS;L?Q : Mer | Guten berg- [ Hwang | From max
Richter method entropy . by (8) by (16)
6.5 18 20 29 0.938 0.813
6.6 21 24 38
1990.05.30 6.7 26 30 48 0.858 0.648
6.8 31 37 61
6.9 36 45 78
1986.08.30 7.0 44 57 101 0.683 0.389
7.1 52 73 133
1977.03.04 7.2 62 94 177 0.553 0.245
7.3 74 125 243
1940.11.10 74 88 172 345 0.432 0.135
75 106 254 520 0.377 0.092

followsthat the recurrence period of earthquakes
withM =7.0isfrom 30to 60 yearswithardatively
high probability of R=0.5-0.7 (for T = 50 years).
For magnitude M, = 7.5 (M, =7.7) therecurrence
interva variesfrom 100 (most pess migtic estimation)
to 380 years (most optimistic estimation) with a
probability of R=0.1-0.25 (for T=50 of years).

3.3.2. Saismic Microzonation of Chisinau:
a Tool for Reducing Seismic Risk

Dynamic propertiesof soft soilsin Chignau City
exposed to seismic hazards from Vrancea seismic
sourcesareinvestigated. Empirica trandfer functions
for soft soils were determined using earthquake
and ambient noise records. Available geotechnical
surveys(shear waveveocitiesv,) dlowed employing
1-D and 2-D numerica methodsfor considering soft
soil effects on the parameters of ground shaking.
Observationsof structural damageduringthe 1977
and 1986 seismic events alowed the devel opment
of relationships between the parameters of ground
shaking and MSK intensities. A study of the
amplification capacity of Stesprovided thebasisfor
locating zoneswith varying saismicintengtiesand for
developing a new seismic microzonation map of
Chisinau. The iso-intensity map using the MSK scale

showsthat variationsintheexpectedintensty values
ranged between V11 and VIII for the city’'sarea. A
methodol ogy of seismic microzonation based ona
complex study of soil dynamic properties was
deve oped.

Thefollowing dataand methodswereemployed
inthisstudy.

- Geological and geotechnica data for
1210 gites;

- Records of Carpathian earthquakes
(Gutenberg-Richter megnitude2.8£ M £ 7.2
andfocd depth 100< H £ 150km) at 14 sites.
Strong earthquakes (M_,> 6.0) wererecorded
by accel erometersoperating in thetriggering
mode, and weak eventswererecorded by six
permanently operational portable seismic
dations,

- Microtremor measurementsat 85 sites.
Datawererecorded for 180 seconds(s) three
timesat eech 9te. Themeasurementsweremeade
duringthenight using C5C seismometerswhen
the contaminating effectsof trafficandindudrid
noisewereminimd;

- Measurements of shear wavevelocity at
118 points using the down-hole method;

- 1-D (Ratnikova, 1984) and 2-D
(Zahradnik, 1982) numerical modeling of the
amplification capacity of soils.
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Macroseismic (damage) data during three
strong Vrancea earthquakes: 1845 inspected
buildingsafter the 1977 event, 2496 after the 1986
guake and 660 after the 1990 event.

Chisinau is the capital of the Republic of
Moldova and has a population of more than
700,000. It issituated at »200 kilometersfrom the

Table 3.

Recorded PGA and Observed Intensities from
Strong Vrancea Earthquakes in Chisinau

. Hypocentral
Magnitude ) MaxPGA, | MaxMSK
Earthquakes distance, . .
Mer om/s? intensity
km
November 74 210 _ 8
10, 1940
March 4,
7.2 200 99.16 7
1977
August 30,
7.0 230 2325 8
1986
May 30, 1990 6.9 210 204.3 6
{ eanoeupcini Ponpes HecmHOemL N0 HanpoSentsd
¢ p20-300030 i Cofep0-Boemok e ;
.2 fop Muecwele ——

(=P
b walaemeh

‘ﬁ' st

= Py
Figure 15. Map of seismic microzonation

of Chisinau proposed in 1941
(Tshoher et al., 1941)

Vranceaepicentra zone. During thelast century, the
city has experienced severa strong earthquakes
(Table 3). One of thefirst attempts to produce a
seismic microzonation map of Chisindu dates back
t0 1941 (Figure 15).

Detailed geologica and geotechnica datawere
collected to determine soft soil variationsat 1,210
Stes.

Based on geological and geotechnical
information, lithol ogically homogenous unitsfor
instrument measurements were selected. For each
point, theempirica Steresponsewasevauated usng
different techniques (sediment vs. bedrock ratio,
Nakamura's method). Also, a set of analytical
amplificationfunctionsfor horizonta ground motion
was computed based onlog dataand 1-D modeling
(Ratnikova, 1984). Vdidating theresultswasdone
withthehelp of 2-D models(Zahradnik, 1982).

At the mgority of the points measured, a
satisfactory fit between theempirica and anaytical
predominant periodsand amplificationlevelswas
established. The site response spectra exhibited
peaksbetween 0.5 and 8.0 Hz, and theamplification
factorsranged from3to 7.

Thequdlity of sssmicmicrozonationisbasicaly
determined by the degreeto whichthemethodol ogy
gpplied adequately consdersthe peculiaritiesof the
region. Asmentioned in other papers(Alkaz et a.
1996, 2005), the application of microzonation
methods based on empirical ratios obtained for
shallow earthquakes proves ineffective for the
Vrancea region. For intermediate-depth
earthquakes, the methodology should include
(1) seismic propertiesof soilsfor the upper part of
thecross-sectionaswell asfor larger depths (down
tolayerswith V_= 1400 m/s), (ii) adistribution of
shear waveve ocity with depth, (iii) thequantitative
contribution of different soil parametersto seismic
effect, (iv) expected response spectra for each
intensity zoneonthemap of microzones. It might be
difficult tocombineal theserequirementsinasingle
sa smic microzonation methodol ogy; therefore, we
used aset of methodsthat successfully revised and
complemented each other (Table4).

This combined methodol ogy was applied to
seismically microzone the urban area of Chisinau.
In addition to drawing the current microzonation
map, aset of supplementary mapswas devel oped
includingamap of thethicknessof soft soil deposits,
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geotechnical and geomorphologica maps, amap of
soil amplification capacity and amap of thedominant
periods of soil (Figure 16a).

Theiso-intensity map of microzonation (MSK
scale) shows variations in the intensity values
between VI and VI, Figure 16b. According to
building code SNiP 11-7-81 and the manua Soil
Condition and Seismic Hazard publishedin 1988,
themicrozonaion mapishdpful inland useplanning
and aseismicdesign, in seismicrisk assessment and
in devel oping mitigation measures.

3.3.3. Focal Mechanism Solutions for
\Vrancea Seismic Area

The analysis of focal mechanisms was
performed for the region of South-Eastern
Carpathians, particularly of theVranceazone. The
datafromthel SC Bulletinfor the period 1967-2006
were used in the study, to which the series of
supplementary catal ogueswereadded: HVD, M&P,
ONC, ANSS, MED, ROM+, SBL, FSU, USGS
inorder to carry out athorough completeanalysis.
As aresult the focal mechanisms for about 250
catalogued events were obtained, which were
projected on auniform magnitudescae (M, ) for
the geographic areainthelimits: Lat. 44-50° and
Long. 24-30° for the continuum reference period
of 40years. Uncertaintiesinthedatainfluencingfoca
mechanism solutionsarediscussed.

Catd oguing source parameterson asystematic
bas sreved ed the dynamic character of thephysical
process of mechanical energy rel ease by the source
and initiated the study of recurrence interval's of
strong events (Steven, 1996; Purcaru, 2003;
Popescu et a., 2003). As a result, it has been
established that in an average century, Vrancea
seismic sources have generated at least 5 strong
earthquakeswith magnitudesM, > 6.0 (Wenzel et
a., 1999). The samerate of earthquake occurrence
was observed inthe 20th century with strong events
on November 10, 1940, September 7, 1945,
March4, 1977, August 31, 1986 and May 30, 1990
(Engdahl, 2003)

The catalogues of foca mechanismsin the
Vranceazonewerecompiled fromrigorousanayses
of the records of strong earthquakes (Trifu and
Oncescu, 1987) using polarities of the P-waves, the
method used by theauthorsinthe current study and
intheir recent publications (Sandu and Zai cenco,
2007). Recently, the method of Centroid Moment

Table 4.
Methodology for Seismic Microzonation

Method Output

1. Geological and geotechnical Map of geotechnical zonation of
studies territory

2. Instrumental seismalogical studies:

- earthquakes, explosions; increment of seismic intensity Al;

- microtremors; predominant periods of soil vibration
- seismiclogging: velocity Vp, Vs distribution
shallow (? 50 m),

deep (50-200 m)
3. Macroseismic studies Quantitative contribution Al of
differentfactors on seismic effect
4. Theoretical methods a) transfer functions of soils;
b) increment of seismic intensity Al
c) influence of surface, internal
topography;
d) recorded accelerograms

(response spectra)

a) Map of dominant periods of soil for
the territory of Chisinau

Legend

b) Map of seismic microzonation
for the territory of Chisinau

Figure 16.
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Tensor (Ardeleanu and Radulian, 1998) has been
used morefrequently dueto the advantages of fered
by digital records (Balaet a., 2003).

The foca mechanism solutions were re-
computed using thel SC catal ogue and compared
theresultswith aready existing solutions (Radulian
etd.,1996). A smila effort wasundertaken recently
inltaly (Pondrelli et d., 2006). In additionto being
useful for statistical analysis, this database could
demonstrate the complex process of mechanical
energy accumul ation and rel ease by characterizing
the stress-strain distributionwithinthezone.

Theresultsof the computations are presented
intheformof GMT maps (seeexamplein Figure
17).

3.3.4. A Parametric Model Combining
Gabor Wavelet and Sochastic
Component for the August 30,
1986 \Wrancea Earthguake

Ananalytical model for the representation of
strong ground motionsisproposed for theAugust
30, 1986 Vrancea earthquake. The earthquake
smulaionmodel isrepresented by ashort-duration,
long-period pulse-like function based on the Gabor
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wavel et, and along-duration stochastic record that
hasafrequency content higher than that of thelong-
period pulse. The simple physical meaning of the
input parametersof themodd adequately represents
theimpulsvecharacter of therecords, and successful
simulation of theentiredataset provesthe potential
of themethod for usein ground-motion simulation.
Themodified Gabor wave et iscapableof capturing
thetime-history and response spectracharacteristics
of the coherent component of the records. The
incoherent component of ground motionissimulated
with the stochastic approach, providing good
compatibility of theresulting linear response spectra

Thebas cfeaturesof the near-field earthquake
ground motionsareshort duration, strong directivity,
andlow-frequency impulsivemotionintheve ocity
time-history. To adequately represent acoherent
signal, which is localized in time, wavelets are
employed.

The Gabor wavel et meets the requirements
necessary for use in the analytical modeling of
seismologicd sgnds: it hasasmple mathematical
expression, itiscapableof representingall records
inthecurrent study, and it alowsthe derivation of
closed-form expressions of its spectral charac-
teristics (Fourier and response spectra).
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The records of the August 30, 1986
intermediate-depth Vrancea earthquake clearly
demongtratethe“fling”, or velocity pulse, fromthe
radiation mechanismandthedirectivity of thethrust
source. The parameters of the modified Gabor
wavel et gpplied to therecords sd ected show similar
featuresof thelow-frequency pulseondl horizonta
componentsthat correspond to the second corner
frequency of the source spectrum reported from the
broad-band records. Theincoherent components
that arenot addressed by thewavelet model, could
be cons dered by the stochasti c engineering method.
Further research isrequired to derive the scaling
lawsfor themodel parameters, i.e. to investigate
theinfluenceof earthquake sizeonthem. Asaresult,
it might be possible to come up with a practica
simulation modd suitablefor engineering aseismic
designsfrom intermediate depth earthquakesfor
which the near-source recordings remain sparse
around theworld. The correlation spectracf the pesk
response statisticsof linear SDOF systemswiththe
parameters of the proposed ground-motion model
aredeveloped. These spectraallow the degree of
influence of the selected model parameters on
structural responseto be established.

3.3.5. Seismic Risk Study for the City of
Chisinau

As part of seismic risk study, European
Macrosaeismic Scde, EMS-92 (Griuinthd, 1993) and
itsbuilding damage classification was applied for
damage assessment of theexisting buildingsinthe
central part of Chisinau (Figure 19). The
vulnerability class B (masonry) structures, » 45 %
of thetotal, were sel ected asthe sampl e space, as
providing themost reliableinformation both from
the spatial distribution point of view as well as
Sructurd uniformity.

Seismic risk study of Chisindu translated in the
map of saismicmicro-zonation for thecity devel oped
for theMinistry of Construction.

Harmonic oscillation

cm/s

Time, s

Generated pulse

cm/s

Time, s

Figure 18. Procedure of fitting Gabor wavelet
on BrRN N107w component: harmonic
oscillation, envelope, fitted pulse
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a) GIS model of the central part of Chisinau
(2.5 x 2.5 km) showing existing buildings

No 490

100

1.
2t sast

5-8st.

8t

Noofstoreys

b) distribution of building types within the
studied area (EMS classification)

Figure 19.

Figure 20. MEMS-based data logger

3.3.6. MEMS-Based Data Logger for
Seismic Arrays and Structural Health
Monitoring

One of the hottest technology growth areasis
micro-electromechanical systems (MEMS).
According to the market research firm Frost and
Sullivan, Mountain View, CA, MEM Sisoneof a
handful of new technol ogiesthat could revolutionize
the21st century. The advantage of MEM Sfor these
gpplicationsistherdatively low cost and smplicity
of thedevices. Thestudy presentsaMEM S-based
datalogger desgnedfor seismicarraysand structura
hedth monitoring.

An acceleration data logger incorporating
MEM S sensor hasrecently been designed and built
by ateam from Moldova (Mohniuc et a, 2008),
Figure 20. It might beviewed asaperfect candidate
for Class C networks according to the USGS
classification. Being alow-power deviceit operates
from AAA-type batteries and is equipped with a
GPSsensor. A 16-bit ADC and MEM S sensor from
STMicrodectronicscO alow resolving accd erations
at sub milli-g level with abandwidth of 100 Hz.
In early 2008, thisdatalogger wastested against a
Gurap CMG-5TD acce erometer on ashaketable
and demonstrated good performance. Another
advantage of thisdeviceisitslow weight —about
250g.

Thecompact acceerographisdesigned mainly
for usein structural health monitoring and nested
seismic arrays. Moreover, due to its flexible
architectureand compact Sze, other goplicationsare
asopossible.

4.CONCLUSIONS

The NATO SfP Project 980468 “Harmoni-
zation of Seismic Hazard and Risk Reductionin
Countries Influenced by Vrancea Earthquakes”
originated from theideasthat the effects of natural
hazards, such as earthquakes, are not constrained
by bordersand that scientistsfrom affected countries
should work together in order to mitigate those
effects. During the project, theseideas havefound
multiple paradigms, bothinthescientificwork itself
andinthe co-operation relationshi psthat have been
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established between the project teams in the
participating countries.

Some of the major outcomes of the NATO
project are:

- Consolidation of the research capacity of
theRomanian, Bulgarianand Mol davian project
teams, by updating seismic equipment,
computational infrastructure, and specialized
software;

- Boogting professiondismof theresearchers
throughtraining;

- Development of significant, internationaly
validated research results, essential for the
progressinthescientificfield of the project;

- Higher visibility of seismic research
performed by the teams involved, through
participation in international symposia,
workshopsand conferencesand by publishing
theresearch results.
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