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ABSTRACT: Two criteria of destructiveness for seismic risk evaluation of nuclear
power plant are presented. The first one is a simple linear criterion that allows to
compute average response spectra in terms of earthquake accelerogram characteristics.
The second defines the destructiveness potential factor Py, which measures the capacity
of earthquake to produce nonlinear damage. This second criterion that shows large
differences of destructiveness capacity for earthquake accelerograms of different seismic
environment, specially between subductive and transcursive, is strongly recommended.

1. INTRODUCTION

In recent years, different types of earthquake accelerogram have been recorded
by strong accelerograph arrays around the world in different seismic tectonic
environments. It has been observed on one hand that accelerograms with very large
maximum ground acceleration do not produce damage. On the other hand
accelerograms with very low maximum ground acceleration produce unexpected levels
of damage. This phenomenon systematically observed has introduced doubts about the
real parameters of accelerograms that produce damage (Araya and Saragoni (1)).

2. CHARACTERIZATION OF EARTHQUAKE GROUND MOTION USING
THE o8y METHOD.

Using the oy method (Saragoni (2)); the «, 8 and y parameters of the chi-
square function of the expected square acceleration function can be estimated:

E{U2(t)) =B ety (1)
E{-} : denotes expected value
U (t) : ground acceleration
t : time
i} : intensity parameters
a and vy : shape parameters
The chi-square function of Eq. (1) has two inflection points at
£l = Yoy ; Y21 (2)
o
e = X ; o, (3)
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the time interval between both inflection points is approximately the strong motion
duration At,:

s

At =_2;/7; y>1 (4)

The total energy of accelerogram U (t) is defined as:
tO

Wity = fﬁ§<t> dt (5)
0

where t, is the total duration of the accelerogram.
The frequency content of accelerograms is defined by a power spectrum T (w)
defined by Saragoni and Hart (3).

I, (w) =5, ewP? (6)

The constants P and Q can be estimated using the relation due to Saragoni and
Hart (3).

v.= L (P+1) (P+2) (7)
s} T Q2

v = i\l (P+3) (P+4) (8)
®2:n 02

vy intensity of zero crossings per second of accelerogram.

intensity of maximum per second of accelerogram.

3. ATTENUATION FORMULA FOR «, 8 AND 4y PARAMETERS OF
CHILEAN ACCELEROGRAMS RECORDED ON HARD SOIL

Parameters « and -y can be estimated for chilean accelerogram recorded on hard
soil using the following equations:

2
10
= 9
Y {Ats+1} (9)
2 10
= 10
o At {1+Ats} (10)

and the following attenuation law for the duration of strong motion region At
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At =2x10%e'®'M_-2.1x107M_(D-60) ; forD>60Kkm (1la)

At,=2x10*e'*™ ; D<60 Km (11.b)

M, = Richter magnitude and D= epicentral distance in Km.

Parameter 3 can be estimated using the following attenuation laws for the
expected total energy of chilean earthquake accelerograms on hard soil:

For shallow earthquake:

} 3x1077 277

E{w, (t,) s ; D >220Km (12)
D "
For intermediate focal depth earthquakes:
_ 2.5x1075 %77
Elw, (t,)) = o, (13)

8 parameter can be estimated using Egs. (12) of (13) and:

b - E{W, (t,)} ar*? (14)
I'(y+1)

with T' (-) the gamma function.

4. METHOD TO ESTIMATE AVERAGE RESPONSE SPECTRA IN TERMS
OF PARAMETERS THAT CHARACTERIZE EARTHQUAKE
ACCELEROGRAMS

For structures in which damage capacity of earthquake accelerograms are
restricted to elastic response only such it is the case of nuclear power plant a method
to estimate the average response spectra in terms of the parameters of the earthquake
accelerogram «, 8 and v and I', (w) it is proposed.

Crempien and Saragoni (4) give the following expression to estimate the average
relative displacement spectra:

E{SD(Tn’n)} = 0.884 \@m .

Y 2w,

(15)

Sp(Ta, m = relative displacement spectra
T, = natural period of single oscillators
7 = damping ratio.
2n
wl] = —_—
T

n
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This method considers explicitly the variation of amplitude acceleration with
time and the duration of strong motion region.

In Eq. (15) N, is the strong motion duration At, expressed as number of
oscillator cycles, i.e.:

At
T

n

Ny = e (16)

with At, defined by Eq. (4). In Eq. (15) A\ is given by:
A =/2Ln (Ng) (17)

Ny =N, (1+—=— Ln (0.18+e ™)) (18)

g 4mN N,

The average absolute acceleration spectra is given by:

2

AT E{s, (T, n)) : T,0 (19)

E{SA(TH,H)}=[?

n

3. AVERAGE RESPONSE SPECTRA AT A SITE NEAR SANTIAGO, CHILE.

For an study of an experimental nuclear reactor near Santiago the following four
earthquake sources were identified:

i. Earthquake with epicenter off-shore Valparaiso.

ii. Earthquake with epicenter near La Ligua.

iii. Earthquake with epicenter between Talca and Concepcion.
iv. Intraplate earthquake with epicenter a Las Melosas.

These earthquakes and their corresponding accelerograms have the characteristies
indicated in the table 1.

The average response spectra for 5% damping were computed using Crempien
and Saragoni method, with the parameter «, 8 and v of the mean square acceleration
function and the P, Q and S, frequency parameters of each seismic source. In Fig. 1
the average acceleration spectra for the four seismic sources are shown. In this same
figure elastic response spectra are compared with basic spectra estimated using a similar
procedure that the one used in ATC-3 (5).

6. DESTRUCTIVENESS POTENTIAL FACTOR OF EARTHQUAKE
ACCELEROGRAMS

Araya and Saragoni (1) and Saragoni (6) have defined an earthquake
destructiveness measurement based on the strong nonlinear behavior of simple
elastoplastic structures. They used dynamical probabilistic solution of the Fokker Planck
equation considering a large family of possible artificial earthquake accelerograms and
elastoplastic structures. From the expected ductility requirement of earthquake
accelerograms it was defined the destructiveness potential factor Py, that measures the
capacity to produce structural damage of earthquake ground motion:
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Table 1
i i iii iv
D 135 Km 120 Km 320 Km 50 Km
H Focal 60 Km 60 Km 60 Km 10 Km
Depth
M, 8.9 7.5 8.0 7.0
a 0.016 sec’ 0.210 sec™ 0.086 sec’! 0.586 sec'
¥ 1.153 2.689 1.752 5.215
¢} 0.002858 0.002545g sec™ | 0.000737 0.000018 x
0.01g%sec™ 0.01g%sec™ 0.01g%sec™
At, 135.84 sec. 15.628 sec. 30.89 sec 7.79 sec.
B{U (). 0.255 g 0.105 g. 0.05¢ 0.194 sec.
Y, 10 zero 2 zero 10 zero 10 zero
Crossings/sec Crossings/sec Crossings/sec Crossings/sec
Vo 7.4 max/sec 1.48 max/sec 7.4 max/sec 7.4 max/sec
0.6
055 [
0.5 2 VALPARAISO Mg289 BASIC ELASTIC RESPONSE
SPECTRA S; (Tn)
04LS T 050g;Tn 50,30 sec.
04 | LA LIGUA Mg=75 Sa (Tnl= QTJ;Q; 0.3 < Tns1,0sec,
sl %\1%3; 05Ty 54,0 sec.
03 | MELOSAS Mg=7,0

EISat g

015

01

0.0%

CONCEPCION Mg= 8,0

AVERAGE ABSOLUTE ACELERATION RESPONSE SPECTRA

> WD W T Y NS W Y WY N S U S S TN W e S T SN R S S S RPN T Y SH RN ST R A N s v

0.5 1 1.5 2 2.5 3 35
Th-sec.

FIG.1 AVERAGE ABSOLUTE ACCELERATION RESPONSE SPECTRA 5% DAMPING:

FOR THE FOUR SEISMIC SOURCES CONSIDERED IN THE ANALYSIS.
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to

[ e at (20)
0

2g V2

This definition of destructiveness allows to compare earthquake of different
characteristics recorded in different regions of the world in different seismic
environment in regard to their real capacity to produce damage.

Uang and Bertero (7) verified that P, correlates well with observated damage
of accelerograms of very important earthquake.

Araya and Saragoni (1) give a table with 36 accelerograms corresponding to 18
earthquakes recorded at ground level in different region of the world. They have been
ordered according with their relative maximum ground acceleration.

From the inspection of that table it is concluded that subductive latinamerican
earthquakes have systematically very low destructiveness potential factor compare which
California transcursive accelerogram confirming the results reported by Arzola et al.(8).

From this result it is very clear that earthquake accelerograms have tremendous
differences of capacity to produce structural damage. Therefore it is not possible to
mixture accelerogram of different seismic environment by scaling them or using other
methods such average response spectra.

Results obtained through procedures are meaningless with respect to real seismic
conditions and it may conduce to overdosing civil installations by important factor.
These situation turns to be more important in subductive zones considering damaging
effect of recent earthquake (Northridge 1994, Kobe 1995).
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