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ABSTRACT

The instrumental data at hand from Republic
Moldova and from two of the accelerographic
stations of the network of Romania, located close
to the common border, are used in order to compare
the features of ground motions and to derive some
conclusions on the features of seismicity in
Republic Moldova. Response spectra of absolute
accelerations and discrete intensity spectra are
used for this purpose.
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1.INTRODUCTION
1.1. General

TheVranceasasmogenic zoneisby far themost
important source zonein Romania. Accordingto
[Balan & al., 1982], it releases on average more
than 95 % of dl seismicenergy rel eased per century
inRomania.

The strong Vrancea earthquakes of 30 August
1986 (M= 7.0), 30 May 1990 (M .= 6.7) and 31
May 1990 (M, = 6.1) (Table 1) generated strong
ground motions for extensive areas of Romania,
Republic Moldova and Bulgaria (M, denotes
Gutenberg-Richter magnitudes). Numerous
accel erographic recordswere obtained during these
events. Thewealth of instrumental dataavailable

REZUMAT

Datele instrumentale disponibile din Republica
Moldova si din cele doua statii accelerografice din
reteaua Romaniei, situate in apropierea granitei
comune, sunt utilizate pentru acomparacaracterigticile
miscarii terenului si pentru a extrage o serie de concluzii
referitoare la caracteristicile seismicitatii Republicii
Moldova. Tn acest scop, sunt utilizate spectrele de
raspuns ale acceleratiilor absolute si spectrele discrete
de intensitate.

Cuvintecheie: seisme puternice, Vrancea, Republica
Moldova, seismicitate, spectre de acceleratii, spectre
de intensitate

madeit possibleto obtain acomprehensive picture
of thefeaturesof VVranceaearthquakes.

Thedataa hand makeit possibleto compareon
aningrumentd bad sthefeaturesof ground motions
for severa stesof Romaniaand Republic Moldova
where accel erographic recordswere obtained. The
object of thispaper isrepresented by such an atempt.
Response spectra of absolute accelerations and
discreteintensity spectraareused for thispurpose.

1.2. Methodological aspects and
processing techniques used

The investigation of the features of ground
motion and of the reasonsfor these featureswas
performed usingfollowing main approaches.

Tablel.
Characteristics of Vrancea earthquakes referred to
No Date Code EQ Lat.N Long. E h (km) Mcr Mw
1 1986.08.30 861 45,53 26,47 133 7.0 7.3
2 1990.05.30 901 45,82 26,90 91 6.7 7.0
3 1990.05.31 902 45,83 26,89 79 6.1 6.4
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1. Determining response spectrafor strong EPD = (S, versged on ) advex | 2:5 3
motion recordsfor 12 horizontal, azimuthally T.=2n EPV/EPA 4
equidistant directions as presented in [ Stancu T =2nEPD/EPV (5)
& Borcia, 1999]; |,=log, (EPA~ EPV) +8.0 )

2. Cdculating corner periods of response |, =i, (0.25Hz, 16.0 H2) )
Spectra; l,,=1,7(0.25Hz, 16.0Hz) (8)

3. Determining intensity spectraas defined
in [Sandi & Floricel, 1998], and briefly
summarized dsoin[Borcia& Sandi, 2010];

whereS_, S and S  represent theresponse spectra
for absol ute accelerations, relative vel ocitiesand
relative displacementsrespectively, al of themas

4. Determining aso of globd intengities, on functionsof period thistime, each of them for 5%
thesamebasis. critica damping, accordingto thedefinitionsadopted
The symbols used in the paper correspond to inthecode[MTCT, 2006]. Notea so that theva ues

theentitiesreferredtoin Table 2. EPA and EPV are somewhat lower than the

Thebasic definitionsof theintensity measures homologousvalues EPASor EPVS referredtoin
used in the paper [Sandi & Floricel, 1998] are Table 2, and thisleadsto somewhat |lower estimates

reproduced in Table 3. forlg
Noted sothat, in addition, following notations
were used: 2.BASICDATAUSED
EPA= (Saaegeaonoadma/ 29 (1) Thebascdataused, referredtoin Table 4, are
EPV = (S, sersgedon 04 Imac | 2:2 2 represented by accel erographic records obtained
Table 2.
System of instrumental criteria for intensity assessment
Symbols used for intensities:
*  global
N ** related to a frequency Source of definition / comments
ame *++ averaged upon a (@: frequency, Hz)
frequency interval
* *% * k%
Spectrum based Is is (J) is” (§¢, jo) Linear response spectra for absolute accelerations and
intensities velocities / use of EPA, EPV, redefined as EPAS, EPVS
respectively (see Table 2); averaging rules specified
Intensities based on Ia ig () g (B¢t J%) Quadratic integrals of acceleration of ground (for I), or of
Arias’ type integral pendulum of natural frequency j (for iy (J)) / extensible to
[Arias, 1970] tensorial definition; averaging rules specified
Intensities based on IF it () it (J¢, Jot) Quadratic integrals of Fourier image of acceleration (for Ir),
quadratic integrals (©1p) or quadratic functions of Fourier images (for ia (§3)) /
of Fourier images extensible to tensorial definition; averaging rules specified.
Table 3.
Basic definitions of I, i_ (), |,, and i, (J)
Intensity N
measures Definitions Notes
Is Is=1log4 (EPAS = EPVS) + 8.0 EPAS = max; Saa (J, 0.05)/ 2.5
EPVS = max; sva(§, 0.05)/2.5
is (J) is (J) = loga [saa (3, 0.05) ~ sva(§, 0.05)] +7.70 Saa (J, 0.05): absolute acceleration resp. sp.
sva(J, 0.05): absolute velocity resp. sp.
Ia Ia = loga{d [wg O di} + 6.75 Wg (t) ground motion acceleration
ia (@) ia () =loga{o [wa (t, 7, 0.05)]2 dt} + 5.75 Wa (t, Jj, 0.05): absolute acceleration
of pendulum with eigenfrequency j
and 5% critical damping
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during the events referred to at the stations of
Chisinau and Cahul of Republic Moldova, to which
thegtation VLS1 of Romania, locatedinthe proximity
of the previous oneswas added. A summary view
onthelocationsof thestationsreferredtoisprovided
inFigurel.

3.RESULTSOFPROCESSING
3.1. General data

A summary view of the characteristics of
ground motionsrecorded in Republic Moldovais
provided in Table 5. Some of the data presented
correspond to the more detailed developments
presented in next subsections.
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Fig. 1. Map of instrumental epicenters and of
recording stations (belonging to IGGASM [Md] and
INCERC [Ro0]) in Moldova and Northeastern Romania

Table 4.
Recording stations referred to and records available

No. | Recording station (belonging to) | Code station | Lat. North | Long. East | 1986.08.30 | 1990.05.30 | 1990.05.31
1. | Chisindu-Issl (IGGASM) CHI1 47.058 28.872 *
2. | Chisindu- Iss2 (IGGASM) CHI2 46.989 28.860 * *
3. | Chisindu - Iss3 (IGGASM) CHI3 47.000 28.856 * *
4. | Chisindu Ul. Dimo (IGGASM) CHI4 47.061 28.874 * *
5. | Cahul IGGASM) CAH1 45.905 28.200 * *
6. | Vaslui (INCERC) VLS1 46.637 27.733 * * *

* Available records;

INCERC: National Institute for Building Research, Bucharest, Romania;

IGGASM: Institute of Geology and Seismology, Academy of Sciences of Moldova, Chisinau, Republic Moldova.

Table 5.
Global characteristics of horizontal components of records obtained in Moldova
PGA PGV EPA EPV Tc

No Record i?(?&? m/s? m/s m/s® m/s s b bt la lor
1 861CHI1 l: 11° 1.874 0.0830 1.604 0.093 | 0.39 7.59 7.23 7.40 7.38
2 861CHI1 t: 101° 2.118 0.2094 1.578 0.2311 | 0.92 7.69 7.73 7.43 7.44
3 901CAH I: 74° 1.264 0.0614 0.844 0.0683 | 0.51 6.66 6.45 6.94 6.87
4 901CAH t: 344° 1.354 0.0886 1.366 0.0654 | 0.30 6.78 6.86 7.25 7.21
5 901CHI2 I: 132° 1.882 0.0528 0.907 0.0409 | 0.28 6.80 6.54 7.12 6.98
6 901CHI2 t: 42° 1.726 0.0579 0.947 0.0431 | 0.29 6.84 6.65 7.17 7.05
7 901CHI3 I: 100° 1.213 0.0466 0.679 0.0325 | 0.30 6.12 6.20 6.80 6.66
8 901CHI3 t: 10° 1.437 0.0389 0.651 0.0243 | 0.23 6.67 6.25 7.01 6.88
9 901CHI4 l: 0° 0.750 0.0549 0.528 0.0412 | 0.49 5.77 5.85 6.00 5.92
10 901CHI4 t: 90° 0.810 0.0611 0.722 0.0382 | 0.33 6.19 6.11 6.23 6.18
11 902CAH I: 74° 0.944 0.0364 0.635 0.0349 | 0.35 5.82 5.81 6.14 6.09
12 902CAH t: 344° 0.560 0.0294 0.453 0.0268 | 0.37 5.65 5.42 5.77 5.71
13 902CHI2 I: 132° 0.756 0.0598 0.537 0.0478 | 0.56 6.11 5.92 6.01 5.92
14 902CHI2 t: 42° 0.876 0.0255 0.443 0.0214 | 0.30 5.70 5.55 5.80 5.67
15 902CHI3 I: 100° 0.534 0.0295 0.327 0.0353 | 0.68 5.69 5.43 5.73 5.62
16 902CHI3 t: 10° 0.612 0.0293 0.255 0.0319 | 0.79 5.54 5.13 5.54 5.41
17 902CHI4 l: 0° 0.396 0.0298 0.388 0.0331 | 0.54 5.18 5.30 5.20 5.18
18 902CHI4 t: 90° 0.569 0.0563 0.382 0.0549 | 0.90 5,51 5.68 5.39 5.39

I: (longitudinal): first horizontal direction of record;
. (transversal): second horizontal (orthogonal to the first one) direction of record;

It: averaging upon two orthogonal horizontal directions; (no index): global intensities;

1: (one): averaging of frequency dependent intensities over the frequency interval (0.25 Hz, 16.0 Hz), according to
expressions (7) and (8).
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3.2. Response spectra and corner periods

Response spectrafor the absol ute accel eration
S_ (T, n) were determined for 12 horizontal,
azimuthally equidistant directions, asadoptedin
[Stancu & Borcia, 1999] (Figures2.1,2.2and 2.3).
This was done for a5 % critical damping. The
availability of response spectraaong 12 equidistant
directions made it possible to emphasize the
differencesin different directionsof ground motion.

Inaddition, acomparisonispresentedin Figure
2.4 between the response spectra of the records
obtained on 1986.08.30 at station CHI1 and on
1990.05.31 at gtation CAH1 and during both events
at VLS1 on one hand and the normalized
accel eration response pectraspecified by thecodes
in force of Moldova, and of Romania, [MTCT,
2006], respectively.
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Fig. 2.1. Response spectra for absolute accelerations along 12 equidistant azimuthal directions
for records obtained in Chisinau (Md) and Vaslui (Ro) during the 1986 Vrancea earthquake
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Fig. 2.2. Response spectra for absolute accelerations along 12 equidistant azimuthal directions
for records obtained in Chisinau (Md) during the 1990 Vrancea earthquakes
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Fig. 2.3. Response spectra for absolute accelerations along 12 equidistant azimuthal directions for
records obtained in Cahul (Md) and Vaslui (Ro) during the 1990 Vrancea earthquakes
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Fig. 2.4. Normalized acceleration response spectra and spectral curves corresponding to the
codes in force in the two countries, [MTCT, 2006] for Chisinau (CHI1) and Vaslui (VLS1) for
the 1986 Vrancea earthquake (left) and for Cahul (CAH1) and Vaslui (VLS1) for
30 May 1990 Vrancea earthquake (right)

3.3. Intensity Spectra Derived on the Basis
of Accelerographic Records

Theintensity spectra(discreet, averaged upon
6 dB spectral intervals) presented in Figures 3.1,
3.2 and 3.3 were derived on the basis of
accel erographic records. Theintensity spectraare
organized asfollows:
- theabscissacorrespondstolg T;
- theordinate correspondsto (instrumentd)
intengty values.

3.4. Comments on theresults of processing

3.4.1. On response spectra and corner
periods

Attention isto be paid not only to thefeatures
of individua motionsor spectra, but dsoto features
of sequencesof spectraasawhole, which makeit
possibleto emphasize thetrends of attenuation and
adsothetrendsto stability or tovariability (fromone

CONSTRUCTII —Nr. 1/ 2010

119



V.Alcaz, |.S. Borcia, H. Sandi

861CHI1 It
9 =
8 4
g7
26
[
€5
4
3 4 |
0.01 0.1 1 T(sec) 10
—I1d6 —Is6

Intensities

861VLS It

0.01 0.1 1 T(sec) 10

—|d6 —Is6

Fig. 3.1. Averaged intensity spectrai (', §”) (red) and i, (§’, ") (blue) for 6 dB intervals for
Chisinau (recording station CHI1) and Vaslui (VLS1)
for the 1986 Vrancea earthquake
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Fig. 3.2. Averaged intensity spectra i ~(J’, J”) (red) and i,(§", §”') (blue) for 6 dB intervals for Chisinau
(recording station CHI2, CHI3, CHI4) for the 1990 Vrancea earthquake

event to another, a adefinitelocation) of thefeatures
of ground motion.

Looking at Figure2.1, combined with Figure
1, it turnsout that the response spectrum ismore
severefor CHI1thanfor VLSL, in spite of thefact
that the two stations are located along about the
sameazimuthd direction with respect tothe source,
whilethelocation of CHI1ismoreremote. This
difference appears to be obvious especially for
relatively long periods, around 1 s.

Looking at Figure 2.2, it turns out that the
spectra ordinateswere about half ashighfor the
event of 1990.05.31, ascompared with homol ogous
resultsfor the event of 1990.05.30, which should
betheeffect of thefeaturesof radiation/ atenuation.

Ontheother hand, it turnsout that, in case of the
latter event, the spectrd ordinatesbecomein some
way unexpectedly important for CHI4 for thelatter
event.

Looking at Figure2.3, it turnsout that, while
theresponse spectrawere about equally severefor
CAHlandVLSLlincaseof theevent of 1990.05.30,
thereisaconsiderably higher severity for CAH1in
caseof theevent of 1990.05.31. Thisisvery much
inagreement with thefact emphasizedin [Sandi &
al, 2004] for the stations of Romania, namely the
strong trend to radiation towards East in case of the
|etter event.

Thevaluesof corner periods TcinTable5 are
between 0.23 sand 0.92 s, makingthevalue0.5s

120
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Fig. 3.3. Averaged intensity spectrai (§', ") (red) and i/~ (J', ") (blue) for 6 dB intervals for
Cahul (CAH1) and Vaslui (VLS1) for the 1990 Vrancea earthquake

for theend of theflat portion of the spectra curve
corresponding to the codein forcein the Republic
of Moldovaquestionable. Thisfact isillustrated dso
in Figure 2.4 (left). Table 5 shows a very good
correlation betweenvauesof Ariasintensity |, and
values of intensity based on the destructiveness
spectrum averaged over the frequency interval
(0.25Hz,16.0H2), 1 ..

In spite of thefact that the ground conditions
arethesamefor al directionsof oscillation, there
arein some casesimportant differences between
spectral ordinates corresponding to different
directionsfor the sameevent and place (theextreme
ratios of ordinates reach or even exceed, the
threshold 3.0 for some oscillation periods as
illugtratedinFigure2.1for the CHI1 gation, in Figure
2.2 forthe CHI4 station and in Figure 2.3 for the
CAH1 station, for theevent of 1990.05.31).

3.4.2. On intensities and intensity spectra

Alook at Table5 showsthat correlationsare
strong between the values | and |, on one hand
and even stronger between |, and | ,, onthe other
hand. The correlationisweaker between | andl ,
but theindividud rdativedeviaionsarenevertheess
(perhapswith the exception of 901 CHI3 1) lower
than theaccuracy and certainty withwhichtraditiona
macrosei smicintengtiescan beestimated.

A look at Figures 3.1, 3.2 and 3.3 makes it
possibleto expresssomeremarksabout theintensty
spectra. Thetwo kinds of intensity spectraarewell
correlated for most of the casesand spectral bands
dedtwith. It turnsout that, when relevant differences
appear, thevaluesof i ~(J', J”) (red) tend to be
higher for longest period spectra bandsand lower
for shortest period spectral bandsthani (3’, J")
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(blue). This may be remarked especially for the
stations CHI2 and CAH1. A look at Figure 3.3,
e.g., showsthat there are differences around 0.6
degree of intensity for intensities averaged over
periodintervals(0.0625...0.125s) and (0.125...
0.250 s) and differences around -0.9 degree of
intensity for (2.0...4.09).

A look, especidly at Figures 3.2 an 3.3, for the
gpectra interva ranging from about 0.125 sto about
2.0s, whichisthemost significant for the effects
upon structures, shows that the intensity spectra
strongly depend upon period. Thisremark warns
upon thedanger of misestimate of intengtiesin case
oneneglectsthe spectral bandsfor which thefield
datasampled during post-earthquakefield surveys
are.

4.FINAL CONS DERATIONS

An examination of the strong-motion records
availableand of the spectradeterminedindicatethat
itisparticularly important to consider all available
data because considering one station or even one
eventinisolaioncouldleadtounredisiccondusons
Thisiswhy theavailahility of strong-motion datafor
severd eventsoriginatinginthesamesourcezoneis
Soimportant.

An aspect of primary interest for thispaper is
thefact that for sitesCHI1 and CHI4 therewasa
strong tendency to variability of thespectrd contents
of ground motion (asillustrated by the response
spectraof figures2.1, 2.2 and 2.3). Explaining the
reasonsfor thisisof obviousinterest becauseitis
directly connected with the ability to anticipatethe
spectral contents of future strong ground motions.
More in depth analyses should lead to results
concerning therelativeimportance of thefeatures
of radiation and of loca conditionsto thisfact.

Thetwowaysof processing instrumental data,
namely the determination of response spectraand
of intensity spectra, appear to be complementary.
Theuse of both of them appearsto be suitablefor
indepth anaysesof ground motion.

Depending on period or frequency interval,
there appears to occur frequently a significant
variation of the spectral band-related averaged
intensities. Thisprovidesapicture of the spectra
intervalsfor which theintensitiesare higher and,

consequently, theseverity of seismic action appears
to be higher. There are differencesin outcome if
dternativedefinitionsof i ~(3', " )andi (3", 3")
areused, but thedifferencesare moderate and defi-
nitely lessthan the possibilitiesfor discrimination
provided by the use of macroseismic intensities
derived from visual post-earthquake surveys. It
isto mention that the instrumental intensitiesare
continuous quantities, differing of standard
macrosa smicintengty (discretequantity).
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