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ABSTRACT

A stringent need to adapt the concept of seismic
intensity to the requirements of accuracy as well
as to the current level of sources of information
(especidly of instrumental nature) is emphasized
and advocated. A summary view on the work
devoted to the modernization of the concept of
seismic intensity, performed in Russia, in Romania
and in the Republic Moldova is presented. It is
also emphasi zed that, in spite of the differencesin
the approaches adopted by the research groups
referred to before, there is a convergence of the
results and conclusions obtained and that the main
outcome is represented by the need of
modernization of the intensity concept, mainly in
the directions of a more flexible approach and of
benefitting from the radical advantages offered by
the availability, currently, of a huge amount of
instrumental data. The organization of a Joint
Working Group of EAEE and ESC to develop this
work, isfinally advocated.

Keywords: intensity scales, instrumental criteria,
spectral contents, statistical record analysis,
zonation errors

1.INTRODUCTION

The concept of seismic intensity is already
classical. Specidistsand eventhewidepublic, are,
or believeto be, familiar withthisconcept, whichis
amed a characterizing the severity of ground mation
a adefinitesite. Numerousengineersbelievethis
concept to be obsolete, because it is vague and
it providestoo little of the information required
by engineering activities devoted to earthquake
protection. The development of earthquake
engineering concepts, methodsand activitiesare
basad onamuch richer amount of information, which

REZUMAT

Este evidentiata si sustinuta o necesitate stringenta
de adaptare a conceptului de intensitate seismica
la cerintele de precizie, ca si la nivelul actual al
surselor de informatie (in special de natura instru-
mentald). Este prezentatd o privire de ansamblu
asupra activitatii dedicate modernizarii conceptului
de intensitate seismica, desfasurate Tn Rusia, in
Romaénia si in Republica Moldova. Este de
asemenea evidentiat faptul ca, in ciuda diferentelor
de abordare adoptate de grupurile de cercetare
mentionate, existd o convergenta a rezultatelor si
concluziilor obtinute §i ca principala constatare este
necesitatea de modernizare a conceptului de
intensitate, In special in directiile unei abordari mai
flexibile si beneficierii de avantajele radicale oferite
de disponibilitatea actualad a unei mari cantitati de
date instrumentale. In final, este sustinuta organi-
zarea unel Grupe comune de lucru a Asociatiei
Europene de Inginerie Seismica si a Comisiei
Europene de Seismologie in vederea dezvoltarii
acestei activittati.

Cuvinte cheie: scari de intensitati, criterii instru-
mentale, continut spectral, analiza statistica a
inregistrarilor, erori de zonare

characterizes by far more completely the seismic
ground motion.

Theauthorsbeievethat theuseof the concept
of seismicintensity isfurther on necessary, dueto
several reasons: the fact that so many people are
familiar withit, theimmensequantity of information
on past earthquakesthat isexpressed intheseterms,
thefact thet itisformally recognized by seismologists
(by now, an official international document inthis
connection is represented by the EMS-98 scae
[Grinthal, 1998]). On the other hand, the authors
believethat thisconcept should be modernized, in
order to better respond to the current accuracy needs

"Paper presented at the 14" European Conference on Earthquake Engineering, Ohrid, 2010

Y Academy of Technical Sciences of Romania& Institute of Geodynamics, Bucharest, Romania
2 |nstitute of Physics of the Earth of the Russian Academy of Sciences, Moscow, Russia
9INCD URBAN-INCERC, INCERC Bucharest Branch, Romania

4 | nstitute of Geology and Seismology of the Republic Moldova, Chisinau, Republic Moldova

42

CONSTRUCTII —Nr. 2/ 2010



An actual need: to moder nize the concept of seismic intensity

and to makeuse of the huge quantity of information
provided during last decades by instrumenta data.
The authors participated for aquitelong timein
activitiesdevoted to thegoal of modernization of
thisconcept, mainly inthedirection of relating the
concept of intensity to instrumental criteria, which
areunfortunately totaly missngintheEM S-98 scade
(inspiteof theformal recognition by itsauthors of
the fact that a good accelerographic record fully
characterizes the seismic ground motion at the
recording site). Two main, competible, orientations
areto be mentioned in thisrespect. On one hand,
datisticd anaysisof severa instrumentd criteria, as
related to variouslevel sof macrosaismicintensty,
was performed and the outcome of thiswork led to
resultsthat considerably correct thecriteriaof the
previousofficia scale, MSK. Ontheother hand, a
sysemof flexibleingrumentd criteriawaspostul ated
and calibrated, based on the philosophy that this
way may lead to asolution that iscompatible on
onehand withthetraditional gpproach tointensity
and on the other hand with the engineering
requirements. Theseactivitiesare briefly presented
inthe next section of the paper.

Following aproposal forwarded by thefirst
author, the NATO Division of Science for Peace
agreed to provide support for a project entitled
» Quantification of seismic action on structures’,
in the frame of the NATO — Russia cooperating
activities (Sciencefor Peace Program). Thegroup
of researchers involved was from Romania
(coordination, in the capacity of NATO member),
Russian Federation, and Republic of Moldova The
project lasted for three years (from 2005 to 2008)
and resulted in several publications. The
developments of the next sections provideanidea
about thework performed inthisframe.

2.WORK ON RECALIBRATION OF
THEINSTRUMENTAL CRITERIA
OF THEMSK SCALE

A needtorelaeintensity to kinematic charac-
terigticsof ground motion wasfdt dready long ago,
at atimewhen neither instrumental dataon strong
motion, nor gopropriateinstrumentswereavailable.
Mercalli cameup at that timewith some estimates
of ground acceleration that were rather close to

conventional, reduced, design values. The
accumul ation of somefirst dataand estimateson
ground motion parametersled to an attempt of more
complete estimates, at thelevel of theMSK scale.
According to the most recent version of the
instrumental criteria of that scale, [Medvedev,
1977], theaverage valuesfor PGA (peak ground
acceleration), PGV (peak ground velocity) and
PS,D (peak displacement of Medvedev’s
seismoscope, having anatural period of 0.25sand
alogarithmic decrement of 0.5 [Medvedev, 1962]),
for theintensity degrees V1 to I X, werearranged as
geometric progressions with a ratio 2, which
correspondsto afixed vel ocity / accel eration corner
period of 0.5s.

It shall be noted that the new macroseismic
EM Sscae[Grinthal, 1998] renounced a specifying
kinematic criteriafor intengity estimatesand thiswas
due essentially to hesitation at a choice between
developmentsonthissubject existinginliterature.
Thishappened in spiteof an explicit recognition of
thefact that proper instrumental recordsareableto
fully characterizeground motion at adefinitesite,

Thewealth of macrose smic and instrumental
information which becameavailablemorerecently
madeit possibleto develop adatistica study onthe
rel ationships between macroseismicintensity and
kinematic parameters[Aptikaev, 2005]. They refer
essentially to the outcome of statistical analysisof
ingrumental dataon ground motion, for caseswhen
macrosaismic intensity estimateswere at hand.

Thewedlth of dataused wasconsiderable: 84
recordsfor intensity 9, 178 recordsfor intensity 8,
212 recordsfor intengity 7, 353 recordsfor intensity
6, 391 records for intensity 5, 172 records for
intengity 4, 75 recordsfor intensity 3and 75 records
for intengity 2. Theresultsobtained sood & thebas's
of the specification of instrumental criteriaadopted
intheframeof thedraft new Russian Macroseismic
Scale, RMS-04 [Aptikaev, 2005)], [Aptikaev,
2006)], [Shebalin & Aptikaev, 2003].

The empirical relations determined on a
datistica basisare (with someupdating with respect
to [Aptikaev, 2005], [Aptikaev, 2006]): for peak
ground accelerations, “A”; for peak ground
veocities, “V’; for pesk ground displacements“D”;
and for peak wave kinematic power, “P”
respectively:
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lgA(°PGA),cm/s=-0.755+0.41 + 0.39 (0.25)
(correlation coefficient: 0.82) (1

IgV (° PGV),cm/s=-223+0.471 £ 0.33 (0.20)
(correlation coefficient: 0.84) ()]

IgD (° PGD),cm=-4.26 + 0.68 | + 0.65 (0.33)
(correlation coefficient: 0.81) (©)]

IgP,cm?/s3=-2.22+0.871 £ 0.49 (0.41)
(correlation coefficient: 0.89) (@)

Quantitiesunder “+” mean standard deviations,
related both to intensity and ground motion
parameters estimations. In parentheses are given
valuesfor intensities| > 6.

It turnsout, onthebasis of theserdations, that
the average values obtained for a jump of one
intensity unit are: for peak ground accel erations,
10°4 » 2.51; for peak ground velocities, 10%47 »
» 2.95; for peak ground displacements, 100 »
» 4.79; for peak wavekinematic power (asasofor
the product of peak ground accel eration and peak
ground velocity), 10°87» 7.41.

Thefactsthat thefactor 0.47 of relation (2) is
higher than the homol ogousfactor 0.40 of relation
(2), whilethefactor 0.68 of relation (3) ishigher
than the homol ogous factor 0.47 of relation (2),
correspond to arather well known trend of increase
of dominant oscillation periodsof ground motionwith
increasing intensity (this trend was quite syste-
matically observed, onthebasisof ingrumenta data
obtained at a same location during different
earthquakes, in Romaniatoo). Theseresults, which
correspondtoredlity, areindirect contradictionwith
thefeaturesof theM SK scalecriteria, whichrelied
on the assumption of fixed corner periods,
irrespective of intensity.

Looking at thevauesof kinematic parameters
derived onthebasi sof previousrelations, it turns
out that one obtains reasonable values even for
lowestintengties, for which theassumption of afixed
valueof 2.0for ajump of oneintensity unit did no
longer work. So, it appears to be reasonable to
adopt such values, perhapswith aminor rounding
up (e.g.: 2.5for accderations, 3.0for velocities, 4.8
for displacements, 7.5 for peak kinematic power).
Theseresultscould eventualy becombined withthe
need of revising thelogarithm basisb =4, adopted
initially [Sandi, 1986], [Sandi & Floricel, 1998],

referred to further on. In casetherounded up values
suggested are accepted, theresult would beavaue
b=7.5, whichwould makeit possibleto coverina
satisfactory manner an extensive interval of
intensities, going e.g. downwardsup tointensity 2.

3. ANATTEMPT ATANIMPROVED
SYSTEM OFINSTRUMENTAL
CRITERIA

Thedevelopmentsinthisfidd, referred to, were
due basically to the experience of the 1977.03.04
destructive Vrancea earthquake [Bélan & al., 1982],
which put to evidencethe shortcomingsof thesystem
of instrumenta criteriaadopted for theM SK scale
and the need for an explicit concern on the spectrd
features of ground motions investigated. In the
aftermath of the event, asurvey of performance of
morethan 18,000 buildingsin Bucharest lay at the
basisof setting up statistical damage spectrafor
numerous (1 km) = (1 km) sguares of the map of
Bucharest, onthebasisof ng damagegrades
for setsof about 300 buildings pertainingto asquare.
It turned out that it is desirable to replace the
elementary instrumentd criteria, asspecified by the
MSK scale, by means of more complex criteria,
derived on the basis of parameters and functions
that are more relevant and better suited for
engineering activities. Two bas c devel opmentswere
initiated successvely:.

- on onehand, definition of destructiveness
spectra (which can be extended to tensorial
characteristics), [Sandi, 1979], [ Sandi, 1980],
which represent a generalization of Arias
approach [Arias, 1970] and wasmodifiedin
[Sandi & Foricel, 1998];

- onthe other hand, definition of spectrum
based intensity, based on linear response
spectrafor acceleration and vel ocity [ Sandi,
1986].

Thesetwo gpproachesweremerged in [ Sandi
& Floricel, 1998]. Theselatter developmentsare
used asagtarting point infollowing presentation. In
SHting upthese proposals, it wasintended to provide
a best possible compatibility with classical
macrosaismic scales, providing, at the sametime, a
suitableflexibility for situationsinwhichthereisa

a4

CONSTRUCTII —Nr. 2/ 2010



An actual need: to modernize the concept of seismic intensity

need for more detailed informetion than just agloba
intensity measure. Thesystem of criteriadeve oped
in[Sandi & Forice, 1998] ispresentedin Table 1.
Detailed analytical relations involved in these
definitionsaregivenin[Sandi & Foricel, 1998],
[Sandi, 2006], [Sandi & d., 2006]. It may be noted
inthisrespect that thedefinitionsreferred toinc uded:

a) adoption of a system of alternative
parameters of ground motion, having a
kinematic sense, denoted genericaly Q (incase
of global measures) or g, (J) (in case of
measuresrel ated to an oscillation frequency j
—Hz), referred tointhelast column of Table2;
all parameters of these categories have a
physica dimensonm?s-3,

b) alternative definitions on this basis of
globd intensities, denoted genericdly |, (incase
of globa intengities) or of intensitiesrelated to
an oscillation frequency j — Hz, denoted
genericalyi (§), by meansof expressions

IleongX+|XO:|XQ+IXO .8
i, (@) =log,q @) +i, =i, +i, (5b)

where the logarithm basis b was calibrated
initidly asb=4inorder to providecompdtibility
withthegeometricratio 2 adoptedintheframe

¢) introduction of arule of averaging of
parameters g (J) upon a frequency band
(J¢.j¢t), toobtainvaluesqg ~(J¢, Jt),

q, (@630 =[1/In@w/ 391 6,7 q (4)di /]

(6)

(whilethe corresponding averaged intensities
i (3¢, 3”) will beobtained on thisbasisusing
agantherdation (5.b), withthesamecdibration
of thefreetermi );

d) introductionaswdll of arulefor averaging
upon two orthogond horizonta directions;

e) the interval (j¢,j¢t) adopted as a
referencein order to compare| or Q parameters
with i~ or g~ parameters is (0.25 Hz,
16.0Hz); inalogarithmicscae, thisiscong stent
with considering J = 2 Hz as a centrd
frequency (an aternativeinterva (0.125Hz,
32.0 Hz) appeared to be less appropriate, due
totheprocessing problemsrased for very low
or very high frequencies);

f) the expressions of parameters Q,
corresponding respectively tothefirst two globa
intensitiesof Tablelare:

of the MSK scale [Medvedev, 1962], Q.= EPAS” EPVS (7.9
[Medvedev, 1977];
Table 1.
System of instrumental criteria for intensity assessment
Symbols used for
intensities:
* global
Name ** related to afrequency Source of definition / comments
** gveraged upon a
frequency interval
* *% *kk
Linear response spectra for absolute
Spectrum based | . IR accelerations and velocities / use of EPA,
intensities S is () s~ (%, 3¢%) EPV, redefined as EPAS, EPVS respectively
(see relations (10)); averaging rules specified
Intensities Quadratic integrals of acceleration of ground
o, . Do (for 1), or of pendulum of natural frequency j
tt;/e;)zeﬁ]?erégﬁlas o a@) | e (6 3%) (for iy (§)) / extensible to tensorial definition;
averaging rules specified
:;{ggg'gﬁs Quadratic integrals of Fourier image of
uadr atic Ir i GG) i Gt ) acceleration (for Iz), or quadratic functions of
%te rals of ©ly | v Uk Fourier images (for iy (J)) / extensible to
Fou?i er images tensorial definition; averaging rules specified
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Q=0 [wg(t)z] dt (7.b)
whee

EPAS=max; [s,(3,0.05)/2.5] (units: m/s’)
(82)

EPVS= max; [s,(,0.05)/2.5] (units: m/s)
(8.b)

Wg(t) means ground acceleration, along a
direction of interest,ands_ (J, 0.05) ands
(J, 0.05) mean response spectraof absolute
accel eration and of absolute vel ocity (along
thesamedirection) respectively;

g) the expressions of parameters d, (J)
corresponding respectively to the first two
frequency related intenditiesof Table2 are:

q.(J)=s,(1,005) " s_({J,0.05
(9.8
q, () =0 [w,(t; §, n)] dt (9.b)
wherew (t; j, n) meansthe absol ute accele-
ration of apendulum of natural (undamped)

frequency jJ, having a fraction of critical
damping n (thevaueof nis0.05);

h) thefreetermsof expressions(5) were
cdibrated [Sandi & Florice, 1998] asfollows:

l|,=80, 1,=675i,=770, i,=575
(10)

The experienceand dataat hand show that:

a) according to theresults of an extensive
statistical analysis presented in [Sandi &
Floricel, 1998], thereisastrong correlation
between theintensity estimates provided by the
use of the alternative instrumental criteria
developed; therelativedeviationsexceed 0.25
intengty unitsjustin afew isolated cases, which
meansthat they arelower than thethresholds
of accuracy accessible to the use of
macrosei smic criteriaand that they fulfill the
requirement of robustness emphasized by the
authors of the EMS-98 intensity scale
[Grinthd, 1998];

b) yet, thelimitsto accuracy and detailed
informationinvolved by theuseof macrossismic
criteriaareavoided, given thecgpability of these
instrumental criteria to reflect the spectral
characteristicsof ground motion;

¢) thereisagood agreement between the
outcomes of use of instrumental criteria
developed, on one hand, and the use of
macroseismic criteriaon the other hand;

d) moreover, in case the macroseismic
surveysarecarried out morein depth, asthis
was done in Bucharest after the 1977.03.04
event, when spectral ground motion features
wereintended to beinvestigated, thisagreement
can beobserved morein detail, for thedifferent
spectral bandstoo.

A way to develop intensity scales relying
primarily oninstrumentd criteriawasdiscussed in
[Sandi, 1990], [Sandi, 2006]. Tablesallowing to
comparemacrosaismicintengty estimatesand globa
intensities| aregivenin[Sandi, 1986] and [Sandi,
2006]. Someilludtrativeexamplesof determination
of discretized intensity spectraaregivenin [ Sandi
& Borcia, 2006]. Theuse of the concepts devel oped
in this frame in order to possibly re-evaluate
intensitiesof past motionswasanayzedin[Sandi,
1988].

Inorder toillustratetheuseand resultsof using
of theconcepts presented, aimed at quantifying the
saismicintensty onthebassof instrumentd data, it
is useful to present some discretized intensity
Spectra, obtained by averagingintensitiesaccording
totherule(6) upon 6 dB frequency intervals. This
provides anideaon the correctionsto be brought
to thetraditiona gpproach based onaglobd intensity
in case onetakesinto account theimplications of
the spectra featuresof ground motion.

A first exampleisthat of the sequenceof results
obtained on the basis of the Bucharest —INCERC
records of 1977.03.04, 1986.08.30 and
1990.05.30. The response spectra are presented
besidestheintensity spectra (Figure 1). A second
exampleisthat of the sequenceof results obtained
onthebasisof the Cernavoda—Town Hall records
of 1986.08.30, 1990.05.30 and 1990.05.31. The
response spectraare presented bes destheintensity
spectraagain (Figure 2).

In case one usesthisapproach, it turnsout that
the corrections that are to be introduced to the
outcome of thetraditional approach, accordingto
which one considers a single intensity in order
to characterize ground motion severity, are
considerable. The most spectacular and, also,
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CONSTRUCTII —Nr. 2/ 2010



An actual need: to modernize the concept of seismic intensity
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convincing case corresponds to the record of
Bucharest —INCERC of thedestructive earthquake
of 1977.03.04, for which severe effects were
observed and for which statistical damage spectra,
which fairly agree with the intensity spectrum
presented, were developed [Bilan & al., 1982].
Thisexperience, whichlay at theorigin of theconcern
of theauthorsto revisethetraditional concept of
intensity, puts to evidence the importance of a
spectra approachinthisfield.

Theoutcomeof statistica studiespresentedin
Section 2 showsthat thelogarithmbasisb =4, used
to date in relations (5.a), (5.b), is not the most
appropriateand that using alogarithm basisaround
b=7.5should bemore appropriate. Thisraisesthe
problem of conversion between intensity estimates
correspondingtotheuseof different|ogarithm bases.
Further relations in this connection are applied
starting fromthereation (5.a), but they areusable
dsofortherdation (5.b) andfor averaged intendities
i (3¢ 3&). Giventhe positive experience acquired
to date, the structure of relations(5.a), (5.b), will
be kept further on.

Two logarithm bases, bt and b, and two
corresponding free terms, | ¢ and |, are
consderedfor relation (5.8). Their usewould lead
to different estimated intensities, 1.¢ and I g
respectively. In case onewantsthetwo estimatesto
coincidefor referenceintensity |, , theconditions

IXC = logbt QXC+ IXO¢ = IXQ¢ + IXO¢ =

=log, Q.+, = IXQ,, +1,, (11)
aretobefulfilled. Thisleadsto theresult
Lo =L~ =1 lgbe/lghu
(Ig: decimd logarithm) (12

Theimplicationsof aposs blechangeaccording
torelations(11) and (12) areillustrated in Table 2.

4. FINAL CONSIDERATIONSAND
PROPOSALS

1. Thecurrent state of theart concerning the
information required in connection with the

assessment of seismic intensity is such, that the
concept of macroseismicintengty, inthetraditiond
sense, is no longer satisfactory. The gap to the
requirementsof the engineering professionisto be
bridged in away to make sense for engineering
needsand thismeansprimarily recognition and use
of ingrumentd information and of moredetailledand
accurate information about the features of ground
motion, first of al its spectral contents, perhapsits
directiondity too.

2. The experience of use of the alternative
ingrumentd criteria, whichisdefinitely encouraging,
shows that the measures I, i_(§) and i "(§¢, jo)
are easily usable. After some exercise and
experience, even avisua examination of response
spectramakesit possibleto get afair estimate of
these quantities. On the other hand, themeasures
I, 1,(3) andi (¢, jot) appear to be more stable
and to benefit from stronger correlation (not to
mention also the advantage of analysis of
directiondity of motion, based onthepossibility of
extendingthar definitionsfromascdar toatensorid
one).

3. Keeping in mind these developments, it
becomes possible to make post-earthquake
macrosa smic surveysmoremeaningful . First of all,
itispossibleto think of the spectra bandsfor which
thefield dataarerelevant. Thismakesit possible, at
itsturn, toavoid mistakesindrawingisosaismas, as
this happened e.g. in Romania, where it led to
defective seismic zonation before the use of
instrumenta data, to correct such mistakes(Section
2 of [Sandi & al., 2006] and especially [Sandi &
Borcia, 2010b], where the quite dramatic
consequencefor zonation of thewrong conclusions
of macrosei smic surveys conducted according to
traditiond proceduresareexplained, kegpinginview
theintensity spectracomputed).

4. A critica pointintheattempt at revisingthe
concept of macroseismicintensity and correspon-
dingly adapting intensity scales is to meet an
agreement between engineers and seismol ogists.

Table 2.

Illustrative relationship between intensity estimates according to two different assumptions

bt=4 | Ixot =6.75 | Ia 10 9

8

7 6 5 4 3 2 1

bit=75 | Ixg#t=7.14 | Ia | 9.38 | 8.69

8

7.31

6.62 | 594 |525|4.56 |3.87 | 3.18
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The authors suggest to the boards of |AEE and
EAEE to consider organizng of a corresponding
JWC (Joint Working Group) to tackle this
important task.
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