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ABSTRACT:

Probabilistic seismic hazard analysis allows t@udalte the mean annual rate of exceedance of growin

intensity measures given the seismic sources theginterest is subjected to. This piece of infation may be
used to define the design seismic action on strestiMoreover, through disaggregation of seismiald it is

possible to identify the earthquake giving the émtgcontribution to the hazard related to a spedM value.

Such an information may also be of useful to engigén better defining the seismic treat for theiture of

interest (e.g., in record selection for nonlineaismic structural analysis). On the other handagtisegation
results change with the spectral ordinate and mepariod, and more than a single event may domitiae
hazard, especially if multiple sources affect tlazdrd at the site. In this work disaggregation stvuctural

periods equal to 0 sec and 1.0 sec is presentetafgr with reference to the hazard with a 475ryesturn

period. It will be discussed how for the most @lilin sites more than a design earthquake exisguse of the
modelling of seismic sources.
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1. INTRODUCTION

Given the characterization of seismic sources arge @ ground motion intensity measure (IM) is
chosen, probabilistic seismic hazard analysis (PSalldws to identify, for each considered site, the
probability of exceedance of different IM valuesantime interval of interest. Choosing a return
period, and assuming as IM the elastic spectralacaion at different structural periods, it ispible

to build the uniform hazard spectrum (UHS); i.ee tsponse spectrum with a constant exceedance
probability for all ordinates (Reiter, 1990). Curtlg the UHS is, in the most advanced seismic codes
the basis for the definition of design seismic @uii on structures. On the other hand, for example
when dealing with record selection, accelerograms anly are recommended to match such a
spectrum, but also to be compatible with the earkgsdominatingthe hazard at the site (e.g.,
Eurocode 8; CEN, 2003).

PSHA, for its integral nature, combines the coniidn to the hazard from all considered sourceg. Th
event most important may be identified via disaggt®n of seismic hazard (Convertito et al., 2009).
In fact, once the UHS has been defined, it is tesgo identify one or more earthquakes; i.e. the
values of magnitude (M), source to site distancegfle (number of standard deviations that the
ground motion parameter is away from its mediarueatstimated by the assumed attenuation
relationship) providing the largest contributiomsthe hazard in terms of exceeding a specified IM
value. These events may be referred to as thegealths dominating the seismic hazard in a
probabilistic sense, and may be used as desigmyealtes; e.g., lervolino (2008).

Analytically disaggregation result is the joint pability density function (PDF) of magnitude,
distance anc given the exceedance of an IM level; i.e., thei@alof these parameters most frequent
in those cases the IM level chosen is exceedatksgibed in the following equation:
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where:N is the number of seismic source which affect lzdrthe site of interesy;,is the mean
annual rate of occurrence of earthquakes withith gane; E (IM >IM,) is the mean annual rate of

exceedance of a givelM , value (result of the hazard integral) ahdis an indicator function that
equals to 1 iflM exceedsIM , for a given distance , a given magnitudenand a givene , whose
joint PDF is represented byf, .. (mr,e). From the equation it is possible to observe that

disaggregation depends ol , (i.e., the hazard level being disaggregated, @r¢turn period of the

IM) and on the definition of the IM itself. If thepectral acceleration of interest is Sa(T), then
disaggregation, and therefore the design earthguakso depends on T. In fact, UHS for different
return periods is characterized by different desgrthquakes, and, within a given UHS, short and
long period ranges may display different M, R arfdom disaggregation (Reiter, 1990; Convertito et
al., 2009).

In Italy, INGV (Istituto Nazionale di Geofisica e Vulcanologiprovides disaggregation, for nine
return periods between 30 and 2475 year, but ferRhak Ground Acceleration (PGA) only (see
http://essel-gis.mi.ingv.}t/In this work, disaggregation of all Italian sitor structural periods equal
to 0 sec (PGA) and 1.0 sec are presented. Disagfipagor these two periods are intended to help in
identifying design earthquakes for the short andenate/long period ranges of the UHS related to the
life safety limit-state of ordinary constructiorisour different return periods (Tr) were considered
(2475, 975, 475 and 50 years) corresponding torihi@ limit states for civil and strategic structire
however, only results for Tr equal to 475 yeard tdl shown in the following, other results shall be
available by lervolino et al. (2010a). The work danconsidered as an extension of Convertito et al.
(2009), which focused on a region in southern Appess in Italy, and has some similarities to the
temporally parallel work of Barani et al. (2009}thaugh here a special attention is given to the
multimodal features of the PDFs from disaggregatiomrder to define the design earthquakes for
code-based record selection for nonlinear dynamadyais of structures.

2. ITALIAN SEISMIC HAZARD MODEL AND MULTIPLE DESIGN EARTHQUAKES

Recent Italian seismic code (CS.LL.PP., 2008) ticed a new seismic classification of national
territory, which was discretized as a grid of 10etles where the seismic hazard has been computed
in terms of acceleration spectral ordinates froree® to 2 sec, along with PGA disaggregation as
discussed. In this way, the code provides desigttep very close to the UHSs and software tools
have been developed to automatically select set®eadrds compatible to them (lervolino et al.,
2010b). However, this may be insufficient to defaesign earthquakes for structures in the moderate
period range. To overcome this gap, herein hazadaveloped for PGA (considered as a benchmark)
and spectral acceleration for T equal to 1.0 sed, tae disaggregation is computed for the whole
country referring to the 475-year hazard.

Exceedance probabilities are computed for thirtyes of the IMs equally distributed between 0.001g
and 1.5g. All the analyses have been performed fegrian program specifically developed and also
used in Convertito et al. (2009). The modellingsefsmogenic zones is that of Meletti et al. (2008),
also adopted by INGV (Figure 1). Seismicity pararebf each zone are those used by Barani et al.
(2009) (Table 2.1). The considered grid for Itaythe same of that from INGV and used in the Italia
seismic code (CS.LL.PP., 2008). All the analyseferréo rock site conditions. According to
Ambraseys et al. (1996), which is the ground motediction equation (GMPE) considered,
magnitude is that of surface wavesM

Because of seismogenic zones modelling, the hasaftdvare assumes an uniform distribution of
possible epicentres, then epicentral distancensarted (Gruppo di Lavoro, 2004) in closest diseanc



to the projection of the fault rupture R as defined by Joyner and Boore (1981). Becausaised
GMPE is valid for R up to 200 km, the influence of sources with larBgrwas neglected in the
hazard analysis for each site.

Table 2.1. Characterization of seismic
sources according to Barani et al.
(2009). For each zone it is provided:
minimum  (My,y) and maximum
magnitude (M.y; annual rate of
earthquake occurrence above;MU);
and negative slope of Gutenberg-
Richter relationship (b).

Zone | Myin | Mmay ) b
901 | 43| 5.8| 0.045 1.1
902 | 43| 6.1| 0.103 0.9
903 | 43| 5.8 0.117 1.79
904 | 43| 5.5| 0.050 0.93
905 | 43| 6.6 0.316 0.8
906 | 43| 6.6 0.135 1.09
907 | 43| 5.8| 0.065 1.39
908 | 43| 5.5| 0.140 1.40
909 | 43| 5.5| 0.055 0.97
910 | 43| 6.4 0.085 0.7
911 | 43| 5.5| 0.050 1.24
912 | 43| 6.1| 0.091 1.0
913 | 43| 5.8 0.204 1.2(
914 | 43| 5.8 0.183 1.09
915 | 43| 6.6 0.311 1.09
916 | 43| 5.5| 0.089 1.5(
917 | 43| 6.1| 0.121 0.79
918 | 43| 6.4 0.217 0.84
919 | 43| 6.4 0.242 0.87
920 | 43| 5.5| 0.317 1.67
921 | 43| 5.8 0.298 1.40
922 | 43| 5.2 0.090 1.4
pyo — 20 E 923 | 43| 7.3| 0.645 0.8(
924 | 43| 7.0/ 0.192 0.94
925 | 43| 7.0/ 0.071 0.5(
926 | 43| 5.8 0.061] 1.01]
927 | 43| 7.3| 0.362 0.51
928 | 43| 5.8 0.054 1.0
929 | 43| 7.6| 0.394 0.67
930 | 43| 6.6 0.146 0.71
931 | 43| 7.0/ 0.045 0.49
932 | 43| 6.1| 0.118 0.84
933 | 43| 6.1| 0.172 1.16
934 | 43| 6.1| 0.043 0.71
935 | 43| 7.6 0.090 0.6(
936 | 3.7| 5.2 0.448 1.21]

45°N

40°N

Figure 1. Seismogenetic zones for Italy according to Meletttl.
(2008).
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3. ANALYSESAND RESULTS

The hazard results, computed in terms of PGA amttegd acceleration at T = 1.0 sec are in fair
agreement with those of INGV, and they are considleas the basis for disaggregation analyses
presented in this section. The joint PDFs of M, i a given the exceedance &1, with an
exceedance return period of 475 years were comptdeeach site of the grid, via simulation and



using bins of M, R and equal to 0.05, 1.0 and 0.5, respectively. Minimam maximum values used
for ¢ are -3 and +3. Subsequently the first two modethefjoint PDF from disaggregation were
extracted. The first mode is identified as the Mamle vector giving the maximum contribution to
the hazard, while the second mode correspondsdondehigher relative maximum contribution,
identified if the differences between first and@®t mode are 5.0, 0.25 or 0.25 in terms of M, IR, o
respectively.

In Figure 2 and Figure 3 modes of disaggregatistridutions are shown. In the map referring to the
second mode, white zones indicate that the hazarglilsution of second mode is negligible or zero.
Looking at disaggregation results for PGA it is gibke to identify general trends: (i) the first neod
corresponds to an earthquake caused by the clogares(or the source the site is enclosed into) and
with low-to-moderate magnitude, and (ii) the infige of the more distant zones is accounted for by
the second mode which is usually a larger magnitune

For a few sites, the particular combination of getiinal condition and seismic parameters of each
source can determine an inversion of disaggregaésults, and in such sites the sources influencing
the first mode can be more distant than that réletehe second mode.

Other exceptions are represented by sites withglesimode; i.e., one design earthquake. These sites
are enclosed or close to zones with high seismigith respect to the surrounding zones and the
hazard contribution from other zones is neglig{skee also Convertito et al., 2009).

Considering T = 1.0sec disaggregation results, gbeeral conclusions of PGA are confirmed.
However, changing from PGA to Sa(T=1.0) the contiin of the second mode increases.

Finally analyses show that almost all sites arerasttarized by two different modal values of
disaggregation. This means that, from a designtmdiniew, for each sites may be useful to know not
only the first mode, but also the second one, finiien of seismic action on structures.
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Figure 2. Map of disaggregation results represented by @ijsind second’ modal values of Mfor PGA (eft)
and Sa(1.0secji¢ht) and for Tr = 475year.
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Figure 3. Map of disaggregation results represented by fiysind second’( modal values of Rande for PGA
(lefty and Sa(1.0secjight) and for Tr = 475year.



3.1. An example of multimodal disaggregation

In Convertito et al. (2009) and in Barani et al0@2) some interesting examples of disaggregation
results for individual sites have already been gmesl: most of those cases are characterized by two
different modal values with comparable contribusiolm this work the site of Lecce (S1 in Figurdsl)
considered (latitude 40.338° N, longitude 18.14Yakd disaggregation results are shown for PGA
and 1 sec spectral acceleration period and for &75years. In particular the joint PDF obtainexhfr

Eqn 1.1 is represented in Figure 4 showing the mak&DFs or g ande and of R, and M.

The considered site is not enclosed in any seismicce and its hazard is affected by sources 981 an
926 with a minimum distance lower than 100 km amdsburces 925, 927, 929 and 930 with a
minimum distance between 100 and 200 km. For thmbamation of the characteristics of all the
sources around the site, the PGA and Sa(1.0 seajdsaboth correspond to 0.053g.
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Figure 4. Disaggregation results for Lecce for PA&ff) and Sa(1.0secji¢ht)

Disaggregation of PGA shows that the site is charaed by two different modal values: the firseon
due to R, and M equal to about 80 and 6.8 respectively and thenseone due to ;Requal to 180

and M,equal to 7.3. Hazard contribution of the seconderiednuch lower.

The same modes are computed for Sa(1.0 sec) bwxmected, the increment of spectral period
determines increment of hazard contribution of ndistant sources and, as consequence, the second
mode becomes comparable with the first one.



These results, as noted already in Convertito.€R809), points out that even if hazard contriuoti

of the second mode is comparatively low (like ia tase of PGA results) a characterization of design
earthquakes should prudently account for it. In,faden looking at spectral ordinates closer to the
fundamental period of the most common structunash second mode may become significant. This
has engineering consequences because, for examlfh®ugh given a response spectrum the
displacement structural response may be not varsitsee to magnitude and distance (lervolino and
Cornell, 2005), ground motions characterized bfed#nt magnitudes and source-to-site distances can
display different seismic demand, for example, emms of cyclic structural response; see also
lervolino et al. (2010c).

4. CONCLUSIONS

Disaggregation can be considered as the more usedllto address the definition of design
earthquakes to be used in engineering practice, (@gund motion record selection for nonlinear
dynamic analysis of structures). In this work daségrthquakes from disaggregation of all Italidessi
for structural periods equal to 0 and 1.0 sec wasgnted referring to hazard with a 475 year return
period. First and second modal values are usedasesgnthetic identifiers of design earthquakes.
Results show that, usually, the modal value with ldrgest contribution to hazard corresponds to a
moderate-magnitude earthquake caused by the dosece, while the influence of the more distant
zones is accounted with the second mode. Moretremiause in most cases ltalian sites are located
inside seismogenic zones, first mode of disaggreyad characterized by g,Rower than 10 km.

For spectral acceleration at T = 1.0 sec, the imriton of more distant source is higher than ia th
PGA case.

Finally it is to conclude that only a few sites aharacterized by a single design earthquake asdsth
particularly evident from disaggregation of Sa(I.8) hazard, which is more representative than PGA
for ordinary buildings.
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