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ABSTRACT
A fault rupture model for seismi€¢ hazard analysis |is
applied to the area of Messinia, southwestern Feloponnesus,
for the specification of the max i mum expected ground

acceleration over a given duration of time.

The analysis shows that the highest hazard wvalues are
originating, as would be expected, from the areas western of
Messinia, along the Hellenic Arc.

The dependance of hazard on a certain number of
parameters and physical relationships is finally
investigated.

INTRODUCTION

The majority of seismic hazard studies for the area of
Greece (Algermissen et al. 1974, Drakopoulos and Makropoulos
1983, Makropoulos and Burton 1985b) are based either an
statistical or seismotectonic models retfterred as point source
models , since they are formulated wunder the assumption that
the total energy released during an earthquake is radiated
from the focus of the earthquake.

In the present study, an attempt 1is made to assess the
regional seismic hazard wusing the "“fault rupture model". The
model assumes that an earthquake originates on a fault, at
random location, and the rupture front propagates in discrete

series of slips 1in the rupture zone. The maximum of the
ground motion at a site 1s then determined by the slip that
18 cl osest to the site (Dougl as and Ryall 1973,
Kiureghian and Ang 1977).

The most important advance of this model is the

consideration of the length of fault rupture as a function of
the earthquake magnitude 1n the probabilistic seismic haczard
estimations.

Uncertainties in the location of the rupture on the
fault, in the maximum possible magnitude, and in the expected
ground motion are accounted for explicity.

All mathematical calculations are performed using the
FRISK code (MchBuire 1978).
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SEISMIC HAZARD MODEL

Under the assumption that the occurrence of earthguakes
1s a Foisson -process, /the probability of exceedance of a
tertain level of the ground motion parameter, o, at a site,
in a period of one year, is given by

n
PlA>a) 1) vadr= 1—exp- EP(Ada/Es)wa

Y1
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where A 1s a random ground motion parameter, E: is the event
that an earthquake with magnitude m3imoe occurs 3in the source
i, vy 1is the average occurrence, and n 1is the number of
active faults in the area of study.

The probability that the amplitude A exceeds a value «a,
given one event of random size, M, rupture length, L~, and
location, X, on a fault 1is given by the total probability
theorem

P[ﬂ)u]ﬁlIT%[ﬂ)U/H,Lr,lem(mjfgr(lrlfn(xldmdlrdx (2)

where frailm), Ffrr(le-), fx(n) are the density probability
functions of M. L~, and X, respectively.

In the calculation of (1) and {(2) the following
assumptions are made:

(i? The length of active fault 1is related to the
magni tude.

(ii) The intensity of the ground wmotion parameter at a
site 15 a function of earthguake magnitude and distance to
the closest slip.

{ii1) The log-frequency vs. magnitude relatiaonship for
earthguakes is shown through truncated Gutenberg-Richter” s

formula.

(iv) The average focal depth i1s constant.

To calculate the expected number of exceedances, the
above probability (eq. 2) is simply multiplied by the mean
activity rate for the time of interest, while the total

number of exceedances 1s estimated as the sum of the expected
number for esach fault.
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INFUT PARAMETERS

The areal of southwestern Feloponnesus 15 considered as
gne’ ‘'of the most seismically active zones of the Hellenic Arc.
Figure (1) aqutlines the seismicity, .and the proposed main
sel smogenetic faults of the regilon.

The “seismicity in zone A .(Southern lonion) is associated
with ; the NW-SE orientated faults of the Hellenic Arc
(Papazachos gt al. 1985 ). The most severe, earthquake occured
in the remote past (1BB4, August 27, M=7.5), while the
strongest » event af the present century is the M=7.0
earthquake of Octoher &, 1947,

The seismicity in zone B (Central Pel oponnesus) has
never been high, and the strongest event is the M=6.1
earthquake of April 5, 1945. The delineation of Fault B
derives directly from the orientation of the main geological
faults with neotectonic activity (Mariolakos et al. 1985).

The fault rupture model requires as input seismicity
parameters the mean annual rate of occurrence of earthguakes,
the slope of the frequency—-magnitude relationship, and the
minimum and Max i mum considered earthquake magnitudes with
their associated probabilities.

The focal depth of earthquakes is considered constant.

Furthermore, the model requires as input the rupture
length wvs. magnitude relationship. In the present study the
formula developed by Kiratzi et al. (1985) is adopted.

The physical relationship describing the attenuation of
the seismic waves from the rupture zone to the site is
also required as input. Such relationships are empirical, and
derived from regressions of aobserved ground motions against
earthquake magnitude and distance Ffrom the causative fault.
In this application the average formula proposed by
Makropoulos (1978) is used.

RESULTS AND CONCLUSIONS

The model described above was applied to the area of

southwestern Pel oponnesus in order to predict the maximum
ground acceleration over the next 50, and 100 vyears. The
results of the analysis, in terms of isocacceleration maps

with 0.37 probability of exceedance, are presented in +Figures
(2) and (3).

The sensitivity of the model to a certain number of
parameters and physical relationships was finally
investigated.

The maximum possible magnitude on each fault is a key
parameter in the application of the model. It is remarkable
to notice that a 0.5 increase in magnitude leads to large
variances in the expected hazard wvalues, especially at high
magnitudes, as illustrated in figure (4). This emphasizes the
need to develop more accurate methods for the estimation of
maximum possible magnitude, based on both seismological and
neotectonic information.
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The exact pasition 'of the fault 1n the seismogenetic
z0ne as a result of poor knowledge of the present tectonic
movements involves a high degree of _uncertainty. The model
introdutes a weighting factor to incorporate such
uncertainties in the fault location., A change of this factor
of aboput 204 vyields a wvariation of about 10%, especially for

“the migher levels of ground motion.

Fipally,  the maodell is 'very_ sensitive to the physical
relationship describing the attenuation of seismic waves from
the rupture zone to the site. The use of three different
at tepuation formul as leads to large variances in the
estimated ground motion parameter, ds shown in figure (5),
emphasizing the 11mportance of use of local attenuation laws

in selsmic hazard assessment.

It is remarkable that the results obtained are
significantly similar to those already known for southwestern
Peloponnesus (5tavrakakis et al, 1287) . Specifically, the

absolute wvalues are nevertheless the same, and only the shape
of the isoacceleration maps 1is slightly ditferent. This can
be contributed ta the hypothetical fault delineation,
emphasizing the importance of source modelling in the

assessment of seismic hazard.
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Figure 1. Seismicity and proposed seismogenetic faults
in the area of Messinia, SW Feloponnesus.
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Figure 2. Maximum acceleration

tin gals) with 0.37
probability of exceedance in 50 years.

Figure 3. Maximum acceleration

(in gals) with 0,37
probability of exceedance in 100 years.
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Figure 4. Maximum acceleration at a site using two upper
bound magnitude wvalues.
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Figure 5. Maximum acceleration at a site using three
different attenuation functions.
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