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ABSTRACT: The paper reports about further developments of the technique, presented in
previous papers by one of the authors (Baratta (1979),(1980),(1981)), to produce the
maximim theoretical values of the structural response under seismic load at a given
site. The goal is pursued combining available techniques for the synthesis of random
accelerograms (Ruiz Penzien (1971)) with the optimization procedures capable to maximize
some parameters, significant for aseismic design, in the respect of the constraints
represented by the basic values characteristic of the shaking properties at the site.
Some of those values have been determined by probabilistic models (Baratta (1985),
Zucoaro (1986)) for hazard assessment, as the seismio oocurrence rate at the site, some
by calibration of the filter constants to shape the accelerograms generated alike the
local registrations. Eventually the spectra of the possible maximum response of the
structures in Naples town (Italy) is built; the values are compared with the spectral
response obtained by the records reported at stations around Naples during the 1980
earthquake in Irpinia region.

1. INTRODUCTION number of local ocharaoteristios which
repregent the oonstants oonditioning the
The safety of the struotures in seismioc properties of the aocoelerograms to be
areas is highly conneocted to the cali- generated.
bration of the appropriate seismic loads
to be introduced in structural analysis.
Certainly this is one of the most inte-
resting subjeots of the seismic enginee-
ring.The extreme variability of the fun-

damental parameters describing an earthqu- Let x be t,he sample ,°f realizations of a
ake at a given site, does not allow to de- random variables xj (i=1, ....n) and 1 the
fine the solution of the problem by assa.gned. 1o§:al characteristics reflecting
deterministic methods, while the intrinsic the statistics of the accelerograms at the
nature of the phenomenon  suggests the Site: the ocomponent R(x;l) of the structure
probabilistic approach. Moreover the lack response can be evaluated by iterated sam-
of instrumental registrations for events of Pling of the random variables x in a very
significant magnitude has lead the large range (n=1000). Moreover if [y and
researchers to generate a sufficient number .2 .1 the expected value and variance,
of synthetio earthqugkeg reproducmg_ tl}e respeotively

fundamental oharaoteristios of the seismio

events at the site. In faot it has been n

observed, all over the world, that some Zx. =0y (1)
properties of the registered accelerograms i=1 T

(peak acceleration, duration, decay

constant, eto.) are striotly related to the n

localization of the epicenter. Therefore a Tx.=(x.-}p )2=n02 (2)
large part of the &seismio generator =1 1 i TX x
algorithms depend on a large number of

random parameters ocorrelated to the

accelerograms coordinates plus a finite nfa,b) = o[ P(b) - P(a)] V (a,b) € XZ (3)

2. ALGORITHM
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vhere n(a,p) is the number of components qt‘
% falling in the interval (a,b), and X is
the range of the values of xi (i=l, ....n).
The problem turns into the maximization of
the funotion

R*x;1) = Sup R(x:1) (4)
X

vhere (1),(2) and (3) play the role of oon-
straints on x which has been assumed, to
simplify the operative procedure, as a
Random Standard Gaussian variable (RSG),
(Hx=0;Ox2=1).

The optimization has been oonduoted by ran-
dom-search procedures that verify the above
constraints almost spontaneously (see Rao
(1978)); alike the classical maximization
methods which turn out to be inadequated
for the constraints described.

Eventually the guided simulation procedure
can be better understood looking the
following flow-chart.

1 constants repre-
senting the local i
properties of the
accelerograms

X realizations of a

Standard  Gaussian
random variables X

synthetic' accele- Modulator
rograms generetor: I
White Noise =
modulated in a pu- Filter
re Shot Noise then E_=1

filtered by the y Y
local constants )

= + av*
zl xo & 4—[p
iy
R.’R
PP
° 1
R°=Rl

Maximization on R

where x" is a Standard Gaussian realization
of the variables x and 0€[0,1].

One observes that x is RSG having been
generated by xo and x* both RSG with
independent ocomponents.

The simulation model adopted is the one
reported by Ruiz and Penzien (1971).
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The method assumes the seismic event to be
a non-stationary stochastic process, the
artifioial earthquakes are generated by a
Shot Noise (SN) obtained by modulating a
white noise (WN) process with a funotion of
time ¢(t) then filtered through a seoond
order linear system with damping ratio
and an undamped circular frequency (see
Ruiz-Penzien, 1971 for details).

3. CALIBRATION OF THE LOCAL CONSTANTS

The local components are:

o the pulsation

{ the damping ratio

ti,to,0 parameters of ¢(t)

ap expected peak acoceleration
To duration of the event

Wo and § have been determined by fitting
the Kanai - Tajimi funotion to the average
pover equation of eathquakes recorded du-
ring the 23th of november 1980 event at
stations around Naples area.

The duration of parabolio build uwp tj
and the time at beginning of decay tg are
determined by inspeotion of the variance
intensity funotion ¢(t) obtained from the
data available, while the decay oconstant ¢
is get by optimizing, by the least squares
method, the values of ¢(t), obtained from
data, with the best fitting exponential
curve for t>tg. One observes that the
limitation of instrumental reocords of
earthquakes in neapolitan area produce a
large variability of ¢, however it
estimates a satisfatoring smooth variance
funotion, a better evaluation of ¢ will be
possible onoe more sample reoords will be
available.

Any fraotion of gravity ocan be assumed as
expected peak ground acoceleration, just to
compute the behaviour of the maximum re-
sponge gpeotrum, this assumption will allow
us to oonsider any value of ag as faotor of
the speotral coordinates.

The duration of the event to be simulated
has been assumed equal to the average
duration in the area of the strong-motion
phase.As a result, the constants assumed
are.

Wo = 16.34 seo.”l ; £ =0.66
ti =2 seo. ; to = 10 seo.
ap =0.19 ; To =17 geo.

¢ =0,25



4. NUMERICAL RESULTS

The maximum possible values of the aocele-
ration response computed by the prooedure
proposed are plotted in fig. 1, and are
compared to the average response obtained
from 1980 data, both normalized to the same
peak acceleration.

One assumes a damping ratio of the single
degree of freedom system equal to 5%.
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Figure 1. Comparison between acceleration

speotrum response from data and maximum
possible ordinates.

5.HAHARD EVALUATION OF NAPLES SITE

The above analysis allows to reduce the un-
certainty in cheoking safety, deriving from
the accelerogram shape. In order to make
the procedure effective, it is thus possi-
ble to leave only one uncertain parameter,
the peak ground acceleration, that is ap-
proached by the following method.

The evaluation of seismic hazard has been
performed by application of two distinot
procedures: S.1.S.M.A, (Coburn, Spence,
Zucoaro, (1986)) and SIM-SIS(Baratta,Cacace,
(1985)).

The Seismio Impaot Simulation Model for
risk Assessment is based on a systematic

approach following probabilistio theory
(Cornell, 1968).
The model assumes that the hazard at a

point derives from earthquakes generated in
source zones whioch have uniform seismiocity
defined by a linear recurrence relationship
(Gutenberg and Richter, 1954),

The locational hazard, expressed in terms of
probability of exceedance of a partiocular
parameter of ground motion (e.g. intensity
or peak ground acveleration) is determined

by the use of source to site attenuation
relationships derived from past earthquake
data. The pattern of arrival times, given
an average reourrence rate, is assumed to
follow the Poisson law.

The SIM-SIS is a Simulation Model of the
Seismio History on the territory.

It is based on an arrival Poissonian pro-
ocegs and on Gutenberg and Riohter (1954)
seiegmioity law. The territory is overlapped
by a very fit grid, one assignes to each
cell the probability of epicentral location
as funotion of the magnitude. The attenua-
tion lav is isotropic with random perturba-
tions,vhile the loocal amplification ococeffi-
oient is derived by a procedure based on
Ruiz-Penzien (1971) generator of synthetic
accelerograms. The simulation starts assu-
ming a prefixed window of time (e.g.l100
years), and generating the arrivals time of
the events and the relative magnitudes with
independent statistios.

Then one localizes the epicenter folloving
the ocorrelation with the magnitude and
eventually through propagation and amplifi-
cation procedures the effects at the site
are determined.

The results obtained by the application of
both the models have proved to be essen-
tially coincident.This ociroumstance encou-
rages the authors to further investigate in
this direction in the future.
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Figure 2. Correlation epicentral intensity
(M°M) against Return Period, both models.
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6. PEAK GROUND ACCELERATION - INTENSITY -
RETURN PERIOD CORRELATIONS

To estimate the most probable Peak Ground
Acceleration (PGA) at the site one needs to
ocorrelate the damage measure Lo to PUA re-
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oorded in the past earthquakes or, alterna-
tively, one oan assume the Richter correla-
tion:

I

==2
Log ap— 3

[Ny

(5)

Studies on the correlation between PGA and
intensity, aiming at finding a dimension-
less measure of the damage at a given level
of shaking at ground (Coburn-Sakai-Spence-
Pomonis, 1990),show that the ocorrelation
proposed by Margottini (see Coburn &
others (1990) for details), based on 1980
earthquake data, is the most oomparable té
the best fitting of several set of damage
data from sites all over the world.The PGA-
intensity correlation assumed (Coburn &
others, 1990) is:

LogPGA = 1.84 + 0.057y
(6)
where ¥ is a parameter correlated to the

intensity.

table 1. oorrespondenoe between ¥ (M.M.)
intensity soale.
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Figure 3. PGA-intensity oorrelations

One observes that the Margottini oorrela-
tion is more realistic for Naples area;
this is shown in fig. 4 where the oorre-
spondence PGA-Return Period for both the
correlations proposed has been plotted.
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Figure 4. Return Period-PGA relations

7. STRUCTURAL RESPONSE AT NAPLES SITE FOR
ASSIGNED RETURN PERIOD DESIGN

One chooses the return periods of 25, 50,
100, 500 years, the ocorrespondent PGA are
read by graph of fig.4. The aoceleration
speotral response is oompute by the fol-
lowing relation:

(7)

where i=(25,50,100,500 yrs.), ao=0.1 g and
Sapay the maximum response shown in fig.l.

The values of acoelerations plotted in fig.
5 have been expressed in percentage of gra-
vity.
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Figure 5.Maximum acceleration responses for
some return periods design in Naples area.
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Figure 6. Maximm displacement responses for
some return periods design in Naples area.

The maximum displacement spectral response
is directly derived from values of fig.S5.

8. CONCLUSIONS

The aim of the present study is to elimi-
nate the seismioc uncertainty and to reoon-
duct the safety ocomputation to a mono-pa-
rametric analysis (Drenick, (1973); Baratta,
(1979); Corsanego, (1990)).

Therefore the procedure reported is pro-
posed as a possible approach in high-relia-
bility aseismic design (hrad).

In the paper one has investigated the
worst response a single degree of freedom
system can perform under a given shaking
load. In other words one has studied the
worst possible effect on the structure pro-
duced by an earthquake of a given inten-
sity.

Considering the results obtained, the
maximum possible values of the structural
regponse seem to be plausible for operative
purposes. In faot if one considers the PGA
and the maximum value of the spectral acce-
leration response obtained by the 1980
earthquake set of data, the amplification
factor AF=S,/ap is 2.5 times minor than the
AF one gets by the maximum possible values
of the aoceleration response of the struo-
ture. This result ocan be oonsidered acocep-
table if one takes into acoount that the
the response estimated is the maximum pos-
sible.

One observes that beginning from the
maximum possible values of the response re-
ported above, any reduotion philosophy is
adoptable to define the acceleration to as-
sume for hrad. The acceleration values
plotted in fig.5 have been computed within
the elastio phase, therefore the introduo-

tion of a duotility ooeffioient (e.g. § =
4) oould, for example, be taken in conside-
ration.

Of oourse the choice to introduce any re-
duction faotor depend on the expense per-
centage the ocommunity should be ready to
pay to adopt hrad to structures of particu-
lar interest. Cost-benefit analysis on this
subjeot (Zuooarq,1991) shown that for
structures with tg > 1.5 sec. (e.g. steel
frame) the hrad is not prohibitive, while
for the structures with tg < 1.5 seo. (e.g.
reinforced concrete frame) the adoption of
special aseismic structural type is need.
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