A NEW SEMIPROBABILISTIC CONCEPT
CONCERNING THE CODIFICATICN OF THE SEISMIC ACTIONS

by
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SYNOPSIS

The purpose of the paper is to propose a more realistic
estimate for the ratio "maximum ground acceleration during
an earthquake to the RUS of the realization", to be used in
code instead of constant values used in present. First pas-
sage techniques are used based on the following assumption:
the model for ground acceleration is taken as a ergodic,
stationary process normally distributed and the half number
of crossings a reasonable high threshold within the earth-
quake duration is Poisson distributed. The normalized maxi-
mum acceleration results as a function of the ratio: predo-~
minant period to earthquake duration. On this base a simple
formula is proposed in order to replace the constant value
used within the international standard CEB-CECM-CIB-FIP-

IABSE.

The actual seismic zoning of a territory carried out on
the base of a single parameter describing the severity of a
strong ground motion, without defining this parameter with
relation to the different intensities earthquakes succession
and without giving some indications about this succession,
appears insufficient for defining earthquake loads to be
taken into account for both structural design and structural
safety estimates.

Starting from this fact, seismic zoning methods based
upon the seismic risk concept have been born. Meximum velo-
city or acceleration realized on a site during a ground
motion is usually taken as a severity parameter.

If we consider the ground motion felt on a given site
and provided by a same source zone keeplng a same earthquake
mechanism, as a realization of a ergodic statlonary (or even
local stationary) stochastic process, normalized by dividing
it to its root mean square, then the normalized maximum
ordinate of a realization will be a random variable.
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To define the seismic risk of a site on the base of a
variable which is random even im the case when all the para-
meters of the mathematical model taken for the ground motion
are constant, is obviously inconsistent from the mathematic-
al point of view. Moreover, such a definition does not allow
a rigorous approach to estimate the safety of a structure

undergoing earthquakes.

Obviously, a rigorous definition could be based on the
velocity or acceleration root mean square (or its maximum
in the case of a nonstationary process), but this would re-
quire a set of stochastical ground motion models for all
source zones and for all possible earthquake mechanisms.

Now, in order to pass over this inconvenient, one con-
siders the normalized maximum ordinate of a realization
(the maximum ordinate divided by the root mean square) to be
a constant for stationary processes. J.F. Borges and M. Cas-
tanheta [1] consider this value to be %, while the internat-
ional standard CEB-CECM-CIB-FIP-IABSE [2] takes this value

equal to dl .

The purpose of this paper is to suggest a more realis-
tic estimate of this value, based upon first passage tech-
niques.

Since the probability distribution functiom of the nor-
malized maximum ordinate of the realization is not available,
one can assimptotically estimate it by means of the no pas-
sage probability that is the probability that the ordinate
of the processus does not exceed a given threshold within
the specified time interval (in the case, the duration of
the ground motion).

Let us consider the ground acceleration during an ear-
thquake to be an ergodic, stationary processus normally
distributed, and also the half number of the threshold cros-
sings within the time interval to be Poisson distributed.
These assumptions simplify the computation of the no passage

robability which can be obtained by different approaches
T3], [4],[5] as follows:

2
¢ -a?/2 k(o)
-~L\[-K(0)/K(0) € 1)
20

P e
where '
P, = no passage probability
t~ = the duration of the ground motion
a = the given threshold

K{(T) = the autocorrelation function of the processus
K(%) = the second derivative of K(3)
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Hence:
VK(o =0 wilill be the root mean square of the processus

.o * .
JK(O =0"will be the root mean square of the derivative of
the processus.

Let us consider as a model for the ground acceleration
a processus whose autocorrelation function is

K (z) =02 e‘d/Z/ (cos g5 + % sn /3/3/) (2)

where:
B= the predominant circular frequency of the processus

& = the autocorrelation rate

The function ziven by the formula (2) is more suitable
than the function given by the often used formula

2 -x/z/ .
k(zc)=0 e / cos B {(3)
which has not the second derivative in the origin, hence the

derivative of the processus does not exist.

Using the autocorrelation function as given by the for-
mula (2) we shall obtain:

K(o)=0" y K@) = -(+p2)0? (4)

I.M. Eisenberg [6] fitting a similar autocorrelation
function to a great number of recorded ground motions, has
found that o and B are rather close correlated, and has es-
timated the mean and the root mean square of the random va-

riable € =o%as follows:
m[e] =036 , o [6]=0.136 )

Therefore, assuming € to be normally distributed, one
can consider with 0,84 probability a Trust interval for &

& €[0.224; 0.496] (6)
Computing the root from the equation (1) for the bounds
of the trust interval (6), one get:

2> k' )
V—Kg)) =3 1+ 6[1.025/3 ; 1.130 ﬁ,] (7)

that will lead to errors less than 3 percent in the estima-
te of P_. Therefore, we can consider only the mean value of

6 (5) wlen computing the no passage probability.

Substituting the predominant circular frequency B by

1755



the predominant period 7=2J/8and using (4) and (5), one get

from (1):
a 1.065
= 2t (8)
a \/ n (7' hv??‘)

If one choose a reasonable high threshold "a" one can
consider the right side of the equation (1) as an assimptot-
ical estimate of the probability distribution function of
the meximum ordinate (that becomes "a"), therefore one can
consider the right side of the equation (8) as a probabil-
istic definition of the normalized maximum ground accelerat-
ion a/fr , as follows:

oﬁ&'ls the normalized ground acceleration (for the
choosen stochastical model) “with the probability P _; the
bigger the probablllty, the bigger will be the norﬁallzed

ground acceleration.

In fig. 1, values of6h@'against77% for several P_ pro-
babilities are plotted; the below abscissa indicates the
values of T in seconds for the standard duration t = 30 sec.

[2] .

The assimptotical trend of the upper branches of the
curves in fig. 1 is due, of course, to the use of an infin-
ite gaussian distribution instead of a more realistic finite
distribution, not available up to date. The use of the gaus-
sian distribution for random vibrations is based mainly on
the central limit theorem, but, in fact, especially for
narrow-band vibrations, the assumptlons of the central 1li-
mit theorem are no more fulfilled.

Distortions could be also provided at the lower branc-
hes by the Poisson distribution assumed for the number of
threshold crossings. (In fact, the excursions beyond the
threshold tend to occur in a clump).

In order to prov1de a simple estimate for rep1301ng the
constant value used in the CEB-CECH-CIB-FIP-IABSE standard
[2] , in fig. 2 the probability P_ against T for a/¢ = V1o
is plotted. It could be noticed tBat 7o percent probability
for P_ is to be chosen in order to keep a same overall safe-
ty le%el within the range of predominant periods from 0.2
to 2.5 sec. Hence, we obtain in (8) for P, =0.70 and t =
30 sec. the following formula:

amax -
E—— -\/2[0'77 (9)

We propose the above formula instead of the constant
value y1o taken in the international standard [2]
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Final remarks. The normalized maximum ground sccelerat-
ion, that is the maximum ground acceleration divided by its
root mean equare is a function of the ratio "predominant pe-
riod to the duration of the ground motion®. Of course, the
analy31s could be carried out on more sophlstlc&ted stochas-
tical models for the ground motion, and/or by various first
passage techniques [? . The target of this paper is to let
know the nature of the phenomena, and to provide a very sim-
ple formula to be used in codes.
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DISCUSSION

R. Duarte (Portugal)

The predaminant period of a ground motion is,; in most
cases, a slippery (1) and subjective (2) quantity (e.g. :
(1) the misinterpretation in a influential work on rock
motions of date presented by two well-known seismologists:
(2) the definition, in this conference of a predominant fre—
aquenty that is approximately two times the frequency at
which maX1mum power spectral density occurs). In the dis-
cussor's opinion there is clearly a need to quantify the
frequency content of ground motion, but not by predominant
periods. There is also plenty of different measures of

earthquake durations-

It is the discussor's opinion that, without stating
clearly what are "predominant periods" and "durations"™, and
how they relate to source properties distance and local site
conditions, there is nothing to be gained from the introduc-
tion of this new concept in what is intended to be a very
simplified international standard (ref. 2).

Ruthor'g Clogure
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