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ABSTRACT :

The development of the Portuguese Natiofanexes of Eurocode 8 required the definitionaokeismi
zonation for Portugal. The goal of this paper iptesent the applied methodology to perform thé&odistic
Seismic Hazard Analysis (PSHA) and to obtain saiszroination for Portugal Mainldn Azores and Madei
Archipelagos. Similarly to the Portuguese code gmég enforce (RSA, 1983jwo scenarios were conside
in PSHA computation: (i) a scenario labeled seisagitton 1, characterizing earthquakes with theiceger:
mainly offshoreand (ii) a scenario labeled seismic action 2,rrefg to events with their epicenters ma
inland. The model of grosssurce zones and the parameters defining seisroior@nce process in each sol
zone, like the Poissonian process and the expatetistribution of magnitudes, was adapted fr8ous.
(1996) Two different spectral attenuation laws were sgaplconsistent with the two above mentioned se&
scenarios, namely: (i) a recent regional attennaléev derived for Portuguese seismote@toenvironmen
based on a finite fault non-stationary stochastisreological model calibrated for the region (C#razt al,
2008), valid for seismic action 1 and (ii) the Ambeys etl. (1996)model, valid for seismic action 2. 1
PSHA was performetbr all Portuguese counties and for the 475 yestxgm period. The correspondent ha
map was used as the basis for seismic zonatiotudR@se counties were sorted according to theirshie
intensity, which was used as a criterion to clgsséfch county in a pre-defined number of seismiego
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1. INTRODUCTION

Within the Technical Committee CEN/TC 250 "StrueluEurocodes", it was constituted a specifiorking
group for the Eurocode 8, that among other aatisjthad the mission to prepare each country Natimazex,
that contain the «information on those parametdrehvare leftopen in the Eurocode for national chc
known as Nationally Determined Paramet&zde used for the design of buildings and cividiaeering works
(CEN 2004).

A team of the Structures Department of the Laboi@at§acional de Engenharia Civil was responsibietiia
PSHA pre-standard scientific research that wasldped in orderto support the decisions of the Euroco
Portuguese working grouf.his team presented alternative zonation proposels were discussed with
Eurocode 8 working group, and that incorporatedeseaggestions resulting from a public presentaticthal
proposals to the technical and scientific community

The main objective of this paper is to present BEHA that was laid out to be the reference deismir
zonation and seismic action levels for the Portagudational Annexes of EurocodeA8.the final part of thi
paper it is also presented most recent Portuguweéseis zonatiorand elastic response spectra, bearing in
that,those elements constitute the last draft solugwoposed by the Eurocode 8 working group, dorvirg
for the time being, an official approval.
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2. PROBABILISTIC SEISMIC HAZARD ANALY SIS (PSHA)

2.1 PSHA model
Following Cornell’s approach the annual frequenéyexceedance of a hazard level Ay, in the regiol

characterized by, seismic source zones, identified by the inleis given by:

Nz
Ash = D Vi Dj j P(H > h)|m,r) i fy (M) FR(r)cdrdm (2.1)
k=1 MR

where v, is the mean annual rate of earthquake occurrerite > myn) in source zonk&, P(H > h)| m,r)k

is the distribution of a ground motion hazard level, conditionamagnitude and distance, described &y
attenuation law andf{l), is the probability density function in source zokef the considered randc

variables, magnitud¥ (described by Gutenberg-Richter modatd distancér (uniform distributed)admittec
independent.

2.2 PSHA for Mainland Portugal

2.2.1 Seismic source model and catalogue

A model of 11 seismogenic zones, adapted from SousaDdéiveira, 1997, was considered to re-evaluatse
hazard for Mainland Portugalhe seismogenic zonation was designed taking into considethédPortugue:
seismotectonic environment, but mairthe distribution of historical and instrumentalssaicity with epicentr:
map shown in figure 2.1 and the principle of adigstsource zones to large geological units. Figute a?sc
illustrates the delineated model of seismogenis€@mic source) zones.
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Figure 2.1 Epicentral map, 33 AD-1999,MB.5, historical and instrumental earthquakes (Sousa and Campos
Costa, 2008) and the seismic source zones (adapted frome&nlLi&diveira, 1997)
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To estimate the parameters that characterize the setmuurrence process, the historical and instrurr
catalogue was considered (figure 2.1). The used catalogues @otime period of approximately0®0 years ar
suffered a variable time intervampleteness treatment and an aftershock removal procesal{t©and Sous
2001).

2.2.2 Characterizing seismic occurrence process

The complete catalogue, Wiut aftershocks, was used as the base information to estimgiarameters of t
Poissonian process and of the exponential distribution of magnfiudeach seismogenic zone, i.e., tippe
bounded Gutenberg-Richter model. Further details may bedfou Sousa, 1996 or in Sousa and Oliv
1997). Table 2.1 presents, for each zone, the upper bound magnit@déenberg-Richter model, thevalue
estimated by a maximum likelihood method for different magnitalapleteness intervals (Weichert, 1980)
and the mean annual rate of earthquake occurrence.

Table 2.1 Maximum magnitudeng,,), estimates ol value of Gutenberg Richter law and mean annual rate of
earthquake occurrence with >3.5,for each source zorde

Source Minaxk by Vi Source Miaxk by Vi
Zone Zone

1 7 -0.68 0.418 6 7.5 -0.72 0.798

2 6 -0.66 1.224 7 8.75 -0.72 1.087

3 5.6 -0.86 0.447 8 7.8 -0.77 0.7057

4 7 -0.82 1.207 9 7.1 -0.81 0.9547

5 7.2 -0.71 0.840 10 6.2 -0.79 4.474
11 7 -0.84 0.566

2.2.3 Seismic ground motion attenuation

In what concerns the seismic ground motion attenuation procedsetquencydependent attenuation equati
for ordinates of horizontal acceleration response spectraaglepged. For inland source zorgs3, 4, 5, 8 ar
11 the Ambraseyst al.(1996) model, for rock sites, were used and for offshore samesl, 6, 7, 9 and 1
source zones new earthquake groummtions relations for Portuguese seismotectonic environment I
developed, based on a finite fault ngtationary stochastic seismological model calibrated for ¢ggon
[Carvalho et al., 2008] were applied.

2.2.4 Probabilistic seismic hazard maps

Similarly to Portuguese code presently enforce, and due to detdnmic characteristics of this regidmo
scenarios were considered in PSHA computation: (i) a hazamhrio labeled seismic action 1, character
long distance severe magnitude earthquakes, with their epicangérdy offshoreand evaluated wi
seismicity of source zones 1, 6, 7, 9 and 10 and (ii) a hazendr$a labeled seismic action &aracterizin
short distance moderate magnitude earthquakes, with epeméely inlandand evaluated with seismicity
source zones 2, 3, 4,5, 8 and 11.

Figure 2.2 shows the hazard maps correspondent to the refeztmroeperiod of 475 year$his return perio
is one the Nationally Determined Parameter (NDP) adoptelsinwEurocode 8 working groupnd is th
seismic action for which current structures should verify nbecollapse requiremenhotice that in th
Portuguese code presently enforce (RSA, 1983) the adopted retach\pas 975 years.
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Figure 2.2 Mainland Portugal hazard maps for a exceegmabability of 10% in 50 years
2.2 PSHA for Azores and Madeira Arquipelagos
PSHA for Azores Archipelago was already published at agrriational periodic review (Carvalhet al,

2001), so it will not be addressed in this paper. Figure 2.3 sti@n75 years return period map that was o
of the results of that study and that support the decisions &utteeode 8 Portuguese working group.
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Figure 2.3 Central group of Azores islands hazard map éac@edance probability of 10% in 50 years
(Carvalhoet al.,, 2001)

Regarding Madeira Archipelago, it wasn't done a specific R&H this region, and it was includefbllowing
the same approach of the Portuguese seismic code (RSA, 1983)tigremforce in the less severe seisi
zone of a long distant scenario.
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3. SEISMIC ZONATION

3.1 Mainland Portugal

In EN 19981 the country seismic zonation is one of the Nationally Detexdniterameters (NDP). Seist
zonation should be established for a reference peak ground adoeleraetype A groun]d agr, COrrespondd tc
the reference return peridgcr of seismic action for the no-collapse requirement, i.e y&abs (figure 2.2).

In a first stage, it was proposed for discussidarritory seismic zonation with the same number of zasdh:
code presently enforce (RSA, 1983), i.e. 4 seismic zones. Houmsersity (Housner, 1952jor 5% dampin
ratio, was used as the criterion to classify each countgngelsazard. The 278 Mainlarfebrtuguese counti
were sorted by Housner intensity evaluated for short distanclergdlistance scenarios and for thib4/ear
return period. The counties limiting zones were chosen accotdirag least square criterion based ol
iterative process that minimizes the sum of quadratic ebemgeen Housner intensity of each eyuand th
average Housner intensity of a first guess seismic zone.

As already mentioned in the Introduction, this initial propessdiscussed within Eurocode 8 working grc
and incorporated some suggestions resulting from a public presentatidhe technical andscientific
Portuguese communityn accordance to those discussions, the initial proposal psegrés a 5 seismic zor
territory division, for the long distance scenario, and &i8nsic zones divisionfor short distance scenal
Regarding the former scenario one intends to obtain a smoativeteration transition between consect
zones, mainly in Algarve region, and in the latter scenarioesaones with approximatpeak groun
acceleration were eliminated (Carvalho, 2007).

Table 3.1 presents the reference peak ground accelemtidor the considered seismic zones and for the
scenarios.

Table 3.1 Reference peak ground acceleratign,

Type 1 seismic action Type 2 seismic action
Seismic zone agr [M/S] Seismic zone agr [M/S]
11 25 2.1 25
1.2 2.0 2.2 2.0
1.3 15 2.3 1.7
14 1.0 2.4 11
15 0.5 25 0.8

Figure 3.2 illustrates seismic zonation for the PortugueseomddtiAnnex of NP EN 1998-1 wherimm wha
concerns Mainland Portugal, the two scenarios are distinguisdeidmic zonation was geographic
disaggregated for each of the 278 Portuguese counties.

' In EN 1998-1 stratigraphic profile of type A grounddisfined as: Rock or other rock-like geologicahfiation, including
at most 5 m of weaker material at the surface.



th
Thel4 World Conferenceon Earthquake Engineering
October 12-17, 2008, Beijing, China

seismic
zones

W

Figure 3.2 Mainland Portugal seismic zonation for Portuguesemtinnex of NP EN 1998-1
3.3 Azores and Madeira Archipelagos

Figure 3.3 illustrates Azores archipelago seismic zonatiorPbrtuguese National Annex of NP EN 1998-1
For this archipelago only type 2 seismic action scenario stheutdnsidered.
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Figure 3.3 Azores Archipelago seismic zonation for PortuguesertddAnnex of NP EN 1998-1

Regarding Madeira archipelago only Type 1 scenario should Istdeoad and altounties were included
seismic zone 1.5.
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4. ELASTIC RESPONSE SPECTRA

For the horizontal components of the seismic action, thiéetasponse spectru8gT) is defined in EN 1998-
by the well known following expressions:

0<T<Tg:

Se(T)=24 EBEEH% i @.5—1)}

Se(T)=ag [SIN125

(4.1)

(4.2)

(4.3)

(4.4)

where Se(T) is the elastic response spectrumis the vibration period of a linear single-degredretdon
systemay is the design ground acceleration on type A groagd {,.a,z andy, is the importance factor]j is the
lower limit of the period of the constant spectral accelerdtiamch; & is the upper limit of the period of 1
constant spectral acceleration brangh;is the value defining the beginning of thenstant displaceme

response range of the spectruis the soil factory is the damping correction fiac with a reference value
n=1 for 5% viscous damping.

Table 4.1 presents the values that describe the elastionsesppectra adopted in the lakaft of the
Portuguese National Annex of Eurocode 8.

Table 4.1 Values of the parameters describing

the elastionesgpectra

Type 1 spectra,

Tg =0.1s andp = 2.0s Type 2 spectrizg=0.1s andl,=2.0s
Ground S S

e | B I zone 11| zone 12| zone1yZonesl4 Telsl |Zones 2.1iZonesl4
A 0.6 1.0 1.0 1.0 1.0 0.25 1.0 1.0

B 0.6 1.2 1.2 1.2 1.3 0.25 1.35 1.35

C 0.6 1.3 14 15 1.6 0.25 15 1.6

D 0.8 1.4 1.6 1.8 2.0 0.30 1.8 2.0

E 0.6 14 1.5 1.7 1.8 0.25 1.6 1.8

Figure 4.1 illustrates the elastic response spectra forqemse seismic zones and for ground type A.
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Figure 4.1 Elastic response spectra for Portuguese saiemes (ground type A)

5. FINAL CONSIDERATIONS

The present paper presertie Probabilistic Seismic Hazard Analysis developed to besfeeence for seisr
zonation and seismic action levels of the Portuguese National Anéxeurocode 8 (NP EN 1998-The
applied criteria for seismic zonation are also presentedlaBh@art of the paper includes the lpstposal fo
seismic zonation and the levels of seismic actmbe used for the design of buildings and civil engine
works. Notice that seismic zonation and levels of seismioractiay be subjected to further imgements, ¢
they constitute the last operational draft of the Eurocode 8imgogtoup.

As a final consideration one may say that poemative studies for seismic Portuguese Standard sho
supported by continuous research projects that incorporate up to idate $&azard and risk knowledgenc
that allow a more frequent revision of this Standard.
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