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SUMMARY

This paper presents SEISM-HOME (SElection of Inftong Motion for HOmogeneous MEgazone), an
interactive application created to support non-eixpsers to automatically define the seismic infefuired to
carry out dynamic analyses of structures and/otegbmical systems, at any desired site of theahaterritory,

by simply specifying the geographical coordinat€ee methodology upon which SEISM-HOME has been
developed is based on implementing four main stesing all the response spectra of the Italiarnttey in 40
homogeneous groups; defining a reference (par@s)onse spectrum for each group; selecting spectrum
compatible accelerograms using the parent respgpesetrum of each group; linearly scaling the acogiems

to satisfy spectrum-compatibility with respect tinver response spectra of the group. SEISM-HOMEeisly-
available atvww.eucentre.it/seismhome.htmhd it allows the user to select a set of 7 spaeitompatible real
accelerograms compliant with the requirements ef Italian building code for rocky sites (475 yeeagturn
period).
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1. INTRODUCTION

The ltalian building code (NTCO08, 2008) defines #esmic action in terms of elastic acceleration
response spectra using the results of the seisaziarti study carried out by the National Institute o

Geophysics and Volcanology (INGV) for the wholdi#ta territory (Montaldo et al. 2007). The elastic

response spectra are site-dependent and approxtimatprobabilistic uniform hazard spectra for

10751 nodes (located at a relative distance ngefathan 10 km) of a reference grid and 9 return
periods (ranging from 30 to 2475 years).

NTCO8 gives also prescriptions about the use o¢lacsgrams, which must be taken into account for
the execution of non-linear dynamic analyses afcstires and geotechnical systems. For instanee, lik
other building codes worldwide, NTCO8 allows theopiibn of three categories of accelerograms
namely natural, artificial and synthetic. The adeges and drawbacks of these categories of records
are well-known and they have been widely discussethe literature (e.g. Bommer and Acevedo
2004; Corigliano et al. 2012). In general the ukeeal time-series as input to dynamic analyses of
structures and geotechnical systems should berprdf@ver other types of signals and this for a
variety of reasons including their frequency conteration, number of cycles, correlation among
vertical and horizontal components and energy crnterelation to seismogenic parameters. NTC08
also provides some prescriptions regarding theiegplity of the three types of records for diffate
problems and, in particular, it does not allow tige of artificial records for the analysis of
geotechnical systems. Regarding real records, NTi€Q@8ires their selection to be representative of



the seismicity at the site and adequately justifieded on the seismogenic characteristics of the
source, the geotechnical conditions at the recgrdite, the magnitude, the distance from the source
and the maximum horizontal acceleration expectethatsite. According to the Commentary to
NTCO8 (Circ. NTCO08, 2009) and Eurocode 8 (EN 1998004), the spectrum-compatibility
condition requires that no value of the averagetsgleordinates of the selected records should be
lower than the ordinates of the corresponding duaked elastic response spectrum by more than 10%
in a predefined range of structural periods, calked as the larger between the interval 0.15s-#h@s
0.15s+2, with T the elastic fundamental structural period, forméte limit states, and 0.15s+T.%or
serviceability limit states. The Italian Commentaifythe building code also states that the geoldgic
conditions of the site should be accounted for thiadl if records need to be linearly scaled to Batis
spectrum-compatibility, the scaling factors mustlibgted in case of accelerograms originated from
small magnitude events.

The difficulty in properly defining the seismic iapin terms of time-series is one of the reasons fo
which nonlinear dynamic analysis of structures gadtechnical systems is rarely carried out in the
everyday engineering practice. Moreover, the vdiialof the spectral shapes defined by NTCO08 for
the ltalian territory makes the selection of rggcrum-compatible records a cumbersome task, as an
independent suite of records should in principleskéected for each of the 10751 nodes of the
reference grid.

This paper aims at illustrating the details of akviat has been recently carried out in an attdmpt
contribute to the solution of this problem. A wedsbd application named SEISM-HOME (SElection
of Input Strong-Motion for HOmogeneous MEsozones) heen created and is available at the web-
site www.eucentre.it/seismhome.htnit allows an automatic and prompt definition,aaty location
over the entire Italian territory, of the seismnput represented by suites of 7 real, spectrum- and
seismo-compatible accelerograms recorded at ougtrgprock sites with flat topographic surface,
complying with the prescriptions of NTCO08, for tteturn period of 475 years. Only the geographical
coordinates of the site of interest are requireithjst by the user.

The methodology used to develop SEISM-HOME is basedhe implementation of a series of
operations, which can be summarized by the follgvateps:

1. mesozonation of the Italian territory to subdivitie nodes of the reference grid used for the
definition of seismic hazard according to NTC0&iAd0D homogeneous groups characterised
by acceleration response spectra with similar sheged severity. This step required a
guantitative definition of “similarity” among diffent spectral shapes;

2. for each homogeneous group defined at point 1 ghdeatification of the reference (parent)
acceleration response spectrum, appropriatelyteeleanong the NTCO08 spectra belonging to
the same group;

3. selection and scaling of suites of 7 real accelamng recorded on outcropping rock and flat
topographic surface, with the constraint of beipgcrum-compatible, on average, with the
reference spectrum defined at point 2 above, ugiagASCONA program (Corigliano et al.,
2012);

4. linear scaling of the selected records to satisfydpectrum-compatibility requirement with all
the acceleration response spectra belonging tsaifme homogeneous group.

2. MESOZONATION OF THE ITALIAN TERRITORY

The horizontal acceleration response spectra defigeNTCO8 for outcropping rock conditions (soil
type A) and flat topographical surface for the 4@ars return period at each of the 8948 nodeseof th
reference grid (nodes referring to lands insiderthgonal borders) were used as input data for the
study. Each response spectrum is characterizea lapalytic expression consisting of four branches
and depending on three parameters: the maximunzdrdgal ground acceleratiogg, the maximum
spectral acceleration normalized with respectt@mplification factor)F, and the period indicating
the beginning of the constant velocity branch @ $pectrumT, . A plot of these spectra (Fig. 2.1a)



shows a significant variability of the spectral ioattes, whereas a representation of the same apectr
normalised to their value dady (Fig. 2.1b) shows a milder variability of specteahplitude. This
suggested the need to identify a minimum numbemgroups of spectral shapes that could be
representative of the entire variability of all ttesponse spectra. In other words, the first tdgke
study was the identification of homogeneous graafpspectra having similar shapes and descriptive
parameters (so to carry out a seismic mesozonatitire Italian territory).
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Figure 2.1. (a) Graphical representation of the 8948 accéteraesponse spectra considered in this study for
the Italian territory (475 years return period @od type A). (b) Same spectra normalised to tHaevafa

The homogeneous groups of response spectra wearedlefccording to three criteria based on the
average spectral deviatiah,and on the parametefs® andF, prescribed by NTCO08. The parameter

is a quantitative measure of the deviation of aspe from a target spectrum, wherdascontrols
the shape of the response spectrafyaifects the values of the record scaling factassdiscussed in
the following. The algorithm that was set-up cotssis the implementation of the following steps:

a) identification of the spectrung(x) with the maximum value of the produsgtFo;

b) computation, for each spectri8n of the average spectral deviatibwith respect t@Gnax

5= 1%{%)—%@)}

N = Srax(Ti) (2.1)

whereN represents the number of equally spaced peribds which the spectrum was discretized.
The value ofd is computed in the range of periods relevant toe tondition of spectrum-
compatibility, i.e. between 0.15s and 2s (after sanals and iterations an optimum valuejaéqual

to 0.2 was identified as a meaningful acceptabiestiold);

c) identification of the specti& with 6<0.2;

d) selection of response spectra with value$.ofT., ) sufficiently close (selected tolerance 0.05) to
the corresponding value of the spectr8sg (Tcmax)- Formally:
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e) identification of the spectra with valuésanday (Fo« anday ) sufficiently close (selected tolerance
0.5) to the corresponding values of the spectBJg(Fo maxandagma). Formally:

(g [Fox )™ @y max [{Fomax — 05) (2.3)

g,max 0,max



f) definition of a first group of homogeneous resp® spectra which includ&s,cand all the spectra
simultaneously satisfying the three conditions dbed at points c), d) and e) above.

Threshold values associated with the conditionsrdesd at points c), d) and e) above derived from
the need to find a trade-off between the numbénddpendent homogeneous groups (which cannot be
too large to limit the number of record selectioas)l the need for the reference (parent) spectoum t
be adequately representative of all the spectrénefgroup (to ensure that the selected records are
compatible with all the spectra in the group, &salssed in detail in the next sections).

Once the first group, which includaspectra, is defined, the second group is obtaiyeapplying the
same procedure to all the spectra not belongiribddirst group (i.e. 8948-spectra) and so on until
all the response spectra are included in a grosmdthis approach, 40 groups were defined, each
including a variable number of spectra. Fig. 2.Baws the geographical distribution of the groups,
each identified by a specific chromatic scale. Tdwenparison of these results with the spatial
distribution of the PGA map of Italy (475 yearsuret period, outcropping rock conditions and flat
topographic surface) calculated by INGV (GdL MP®02, Fig. 2.2b) highlights a non-surprising
good correspondence between the two maps.
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Figure 2.2. Comparison between (a) the result of the mesomonaf the Italian territory for 475 years return
period and (b) the seismic hazard map of Italytfiersame return period expressed in terms of pealnd
acceleration (horizontal component, soil type Anpaited by INGV (GdL MPS, 2004)

3. DEFINITION OF THE PARENT SPECTRA

For each of the 40 groups of homogeneous spectrahich the 8948 response spectra were
subdivided, a reference (or parent) spectrum wastiied and then used for selecting real, spectrum
compatible accelerograms. The parent spectrum dch eggroup was selected among the spectra
belonging to the same group so to represent aslglas possible the characteristics of all the spkc
shapes of the same group. The choice of the papettrum was based on the implementation of the
following steps:



a) evaluation of the average response spectruhreajroupS,,:

n

AL

Sav(Ti) = (31)
n

with n representing the number of speaf the group;

b) calculation of the average spectral deviatiafi each spectrum in the grou, with respect t&,:

_1e(sm-s.mY
5'J Z( S.(T) ] &2

ni=

c) identification of the reference spectrum of giheup as the one with the smallest valué.of

Fig. 3.1 shows, as an example, the spectra belgrigigroup 15, with outlined the parent spectrum
defined by means of the procedure previously dssils

07

0.6

0%

04

SA (@)

0.3

0.z

01 |

T s}

Figure 3.1. a) Definition of the parent spectrum of group tti& blue lines represent all the spectra under
consideration, the cyan lines indicate the spdmtanging to group 15, while the black dashed isnine parent
(reference) spectrum for group 15

4. SELECTION OF REAL, SPECTRUM-COMPATIBLE ACCELEROGRAMS

Real, spectrum-compatible accelerograms were seldot the 40 identified parent response spectra
using the ASCONA computer program (Corigliano et 2012). The program relies on a wide
database of accelerograms, all recorded on outcrpppck, coming from accredited strong-motion
databases such as the European Strong-motion Batdiigp://www.isesd.hi.i9/ the PEER-NGA
database http://peer.berkeley.edu/nga/the K-Net databasehifp://www.k-net.bosai.go.jp/ and
ITACA (http://itaca.mi.ingv.it/ltacaNet/ The choice of focusing exclusively on acceleangs
recorded on rock derives from considerations up@ndignificant uncertainties associated with the
selection of accelerograms recorded at non-rockgssiparticularly if they are required to be
spectrum-compatible with a code-based spectrummdorrocky soils. Moreover, the accelerograms
recorded on outcropping rock constitute the objectihotion for site response analyses, which are
needed for the definition of the seismic inputiarms of time-series, at non-rocky sites.




The program ASCONA is based on the selection oéteot accelerograms that better satisfy some
constraints imposed by the user with the additiaeguirement of spectrum-compatibility with a
target response spectrum. In fact, ASCONA requémscification of pre-defined requisites which
include the number of records to be included in gbg the interval of magnitude and epicentral
distance, the maximum and minimum values of théragéactor, the reference spectrum, the interval
of structural periods over which spectrum-compbtibiis enforced, the maximum value of the
negative difference between the average spectrutimeo$elected records and the reference spectrum
(in order for spectrum-compatibility to be satigfieand the maximum acceptable value of spectral
deviationo.

Then the algorithm generates a large number of gmatibns of real records satisfying the enforced
requirements. Additional constraints are imposedABCONA to avoid having in the same set of
accelerograms two components of the same recongk than one recorded at the same station during
different events and accelerograms recorded duhi@game event. This is done to prevent the use of
records that could be strongly correlated.

The average response spectrum of each set of eeombmputed and compared with the reference
spectrum in terms of average (absolute value) aadimum negative difference, and average and
maximum spectral deviation. When the maximum negatifference does not exceed a certain
tolerance in a fixed range of periods, then the afeficcelerograms is kept since it satisfies the
spectrum-compatibility criterion, and the “bestt skaccelerograms provided by ASCONA is chosen
as the suite of records satisfying the spectrumpatifility requirement and characterized by the
minimum average difference.

In this study spectrum-compatibility was enforcedading to the prescriptions of NTC08 and EC8-1
for artificial accelerograms, i.e. imposing thattive interval of structural periods between 0.158 a
2s, the average spectrum of the selected accetensgioes not exhibit a negative difference of more
than 10% with respect to the reference spectrune 3ize of the suite of accelerograms was
established equal to 7, in agreement with NTCO8EDE-1, which specify that the number of records
in a set should be equal or larger than 7 if ther washes to use the average results of the arsalyse
instead of the most unfavourable ones.

The selected records were all linearly scaled spectral acceleration corresponding to a prescribed
structural period of the parent spectrum. This eitfser the value ofy (i.e. the PGA or the spectral
acceleration associated with a period equal to)zerbich was used as a first trial, or the spectral
acceleration at the corner peridd (indicating the beginning of the constant veloditgnch of the
horizontal acceleration response spectrum) wherfittetrial did not yield satisfactory results. &h
values of the scaling factors adopted for the sedbrecords to enforce spectrum-compatibility with
the parent spectrum of each group were all keorebly close to unity, as shown in Fig. 4.1, where
the range of variation of the scaling factors asged with each group (maximum and minimum
values within the suite of 7 records) is plottediagt the group number.
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Figure 4.1. Variability of the scaling factors adopted for et of 7 records of each group, to enforce spectru
compatibility with the parent spectrum (logarithrsiale)



An example of the results obtained for the selectbaccelerograms spectrum-compatible with the
parent spectrum of group 15 is illustrated in tbkofving figures. Specifically, Fig. 4.2a shows the
selected records (scaled to the spectral valuseatdrner period. ), whereas Fig. 4.2b illustrates the
response spectra of each accelerogram togethethwitaverage response spectrum. For this case, the
minimum and maximum scaling factors turned out ¢o52 and 2.25, respectively, whereas the
average scaling factor is equal to 1.39. Finalig, B.3 shows the enforced spectrum-compatibility,
reporting a comparison between the average spectnahthe parent spectrum (Fig. 4.3a) and also the
values of the percentage difference between thespeotra as a function of the structural period.(Fi
4.3b). It is noted that, for the case presentetiénfigure, spectrum-compatibility was enforcedha
period interval 0.15-2 s. The average percentaffereince turned out to be 6.30%, the maximum
negative difference is 8.19%, the average spedealation is 0.077 and the maximum spectral
deviation (referring to the response spectrum ohesngle record with respect to the parent spagtru

is 0.558.
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Figure 4.2. a) Group of 7 accelerograms spectrum-compatilneverage, with the parent spectrum of group

15. For each record, the legend reports the vafiesgnitude 1) and epicentral distancd)(of the event and

the corresponding scaling factor (SF). b) Acceleratesponse spectra of the selected records jpk® and
average spectrum (black line)
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Figure 4.3. a) Comparison between the average spectrum af theords selected to be compatible with the

parent spectrum of group 15 (blue line) and theresfce spectrum itself (red line). b) Percentafferénce
between the two spectra.

5. LINEAR SCALING OF THE ACCELEROGRAMS

In the procedure describe above, the real accemmwere only selected with the objective of being
spectrum-compatible with the parent spectrum ofhegwup. The spectrum-compatibility of the



selected set of records with an arbitrary spectofithe same group is not automatically guaranteed.
Thus the latter was enforced for each group byhé&ur{linearly) scaling the records selected for the
parent spectrum according to the procedure desteabdollows.

The mean spectrum of the accelerograms compatittte amy spectrum of an arbitrary group was
obtained by multiplying the mean spectrum of theords selected with respect to the parent spectrum
of the same group times two scaling factors, SFl $iR2. SF1 is the scaling factor needed to pass
from the parent spectrum to the arbitrary spectofirthe same group, i.e. it is the ratio between the
arbitrary spectrum and the parent spectrum atpketsal ordinate for which the records were scaled
in ASCONA (i.e. corresponding either to a structeriod T=0 or tdl;, ).

Since the shape of all the spectra belonging twendhomogeneous group is similar but not identical
in most cases the application of the scaling faStet was not sufficient to obtain accelerograms tha
were spectrum-compatible with all the spectra @& t¢jnoup. For this reason, an additional scaling
factor (SF2) was introduced for all the spectra thed not satisfy spectrum-compatibility with SF1
only. Considering that the spectrum-compatibilgéguirement of NTC08 only imposes the maximum
negative difference to be within 10% in a givenipeinterval, this additional scaling factor SF2swa
defined as to guarantee that the maximum negatffexehce was exactly equal to 10%. However it is
important to remark that the values adopted for 8i€2e all very close to unity and hence the
ordinates of the response spectra were not signific modified by the application of this additibna
scaling factor. For the spectra that directly $ials spectrum-compatibility with SF1, SF2 was
obviously prescribed to be equal to one.

The range of variability of the product of the ddufial scaling factors SF1 and SF2 for each grsup i
illustrated in Fig. 5.1, where the minimum and maxim values are shown.
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Figure5.1. Variability (maximum and minimum values for eaalygp) of the scaling factor SF1 (black) and of
the product SF1-SF2 (grey) adopted to enforce spaetompatibility of the set of records with anypignary
spectrum of the same group

6. SEISM-HOME WEB-GIS

The results of this work for the return period @b4years are accessible through the SEISM-HOME
Web-GIS applicationwyww.eucentre.it/seismhome.himfrom which it is possible to download, for
any location of the national territory, a suite7afeal accelerograms spectrum-compatible, on agerag
with the acceleration response spectrum preschigdtie Italian building code (NTCO08). The site of
interest can be selected based alternatively onntiree of the municipality, the geographical
coordinates (latitude and longitude) or simply leckly picking it from an interactive geographical
map of Italy.




The software identifies the node of the referenag gdopted by NTCO8 closest to the site of interes
and supplies the associated set of 7 approprigtedjed real accelerograms, which are spectrum-
compatible (on average) with the acceleration nespaspectra of NTCO8 for that node and for the
return period of 475 years. SEISM- HOME also retum table containing important metadata
including an identification code, the values of tkealing factors and the main seismological
characteristics of the selected records (e.g. magmj epicentral distance, original strong-motion
database from which the signals were retrieved, &tee seismic input defined by SEISM-HOME is
then ready to be directly used for the seismicyamalof structures and geotechnical systems located
on a rocky site or, instead, it can be used a4 iigpisite response analyses in case of hon-roitkg.s

7. CONCLUSIVE REMARKS

This paper illustrates the results of a work aimedontributing to the solution of a problem fejt b
civil engineers and practitioners in Italy, whichthe need for ready-to-use and reliable suitesaf
accelerograms for the time-history analysis ofctes and geotechnical systems at any location of
the national territory. The difficulty in retrievgnrecords that are consistent with the expectesirsei
hazard and compatible with the regional seismotgctand seismogenic setting at a given site is one
of the reasons that make nonlinear time-historylyaisa of structures rarely used in everyday
engineering practice. In structural engineering, phoblem can be partially mitigated by resortiag t
spectrum-compatible artificial accelerograms, bus ivell-known that real records are far supetoor
artificial, synthetic or hybrid signals for a vasief reasons.

With the aim of real record selection, the ltali@nritory was subdivided into homogeneous areas
from the point of view of the spectral shapes pibed by NTCO08, which vary from point to point
(seismic mesozonation). Forty groups of elastiekration response spectra (horizontal component)
were identified, each one constituted by spectranigasimilar shape and characteristics. The work
was performed according to a purposely-derived ouitogy and a definition of similarity whose
details were illustrated in the paper.

For each of the 40 groups of response spectraresmfpspectrum was selected as a reference for the
definition of a set of spectrum-compatible real edemgrams. Forty sets of 7 real accelerograms,
spectrum-compatible, on average, with the corredipgnparent spectrum were selected by means of
the software ASCONA. Spectrum-compatibility, enftaccording to the prescriptions of NTCO8 for
artificial records (or EC8-1), was achieved throagprocedure based on a restricted linear scafing o
the accelerograms. For each specific set of recam®patible with each of the 40 corresponding
parent spectra, two additional scaling factors weteduced to enforce compatibility between the
average spectrum of the set of accelerograms aydndividual spectrum belonging to a specific

group.

Despite these operations, the final scaling factolsained as the product of the factors used én th
selection for the parent spectrum and the two muhdit factors mentioned above, ended-up being
within 0.31 and 3.5 for all the 40 groups. Alsce #iverage final scaling factor for each group varie
between 0.63 and 1.95 whereas, at the nationdl lineetotal scaling factors varied between 0.58 an
2.15, with an average value of 1.34. These rangssading factors are a direct consequence of the
limited scaling factors used by ASCONA and alsahaf rigorous criteria adopted for defining the
groups of homogeneous spectra and the parent aggaach group.

The results of the work are accessible throughStBESM-HOME (SElection of Input Strong-Motion
for HOmogeneous MEsozones) Web-GIS applicatwww.eucentre.it/seismhome.himfrom which

it is possible to download, for any location on thegional territory, a set of 7 real accelerograms
spectrum-compatible, on average, with the accéteraesponse spectrum prescribed by the Italian
building code for rock sites. SEISM-HOME constitta useful tool for practitioners and non-
specialist users who need ready-to-use suitesabftimme-histories for seismic analyses of strucure
and geotechnical systems. In fact the downloadeel@mgrams do not require any correction and can




be directly used for applications without any fertiscaling. They have to be associated with spi ty
A of NTCO8 since they were recorded on outcroppouky sites.

Although the work was carried out for the returmiqet of 475 years only, efforts are underway for an
extension to other return periods, specificallysthof interest for the seismic design of structures
according to the Italian building code (NTCO08).
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