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ABSTRACT. Antiseismic design of nuclear power facilities is based on input parame
ters of safe shut down earthquakes (SSE) such as the macroseismic intensity, design 

acceleration response spectra ancl time histories of SSE accelerograms. To assess 

these quantities with sufficient reliability, monitoring of authentic seismic events in 
the near zone is necessary. As a s'upplement to macroseismic monitoring the use of a 
new seismoscope is proposed. 
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1. INTRODUCTION 

In the Czech Republic, only a slight seismic activity of the continental intraplate 
type shows up. According to historical documents, beginning from the 12th century 
(Kárník 1958), maximum earthquake intensities did not exceed 8° MSK-64. Foci 
were located in smaller depths, from 5 to 20 km. The recurrence time of stronger 
earthquakes is comparable with the time of use of instrumental records (60 years), 
so that instrumental records are unavailable. Prognoses of the seismic hazard to in
dividuallocalities must therefore rely, above all, on statistic processing of historical 
data on macroseismically observed earthquake intensities (Zahradník 1985). 

For antiseismic design of nuclear power plants, the most probable dynamic cha
racteristics of the SSE earthquake must be imposed. Among these characteristic, 
the following ones may be quoted: 

- peak ground motion acceleration amplitudes (PGA), duration time of strong 
oscillations T. 
time history of acceleration and ground motion and response spectra. 

An exact prediction of seismic hazard is inexecutable. Relatively most reliable es
timations can be made by complex interpretation of various geo-surveys. Syntheses 
of geological, geodetical, and geophysical surveys are used most frequently. These 
surveys can be  realized on a regional scale (seismie zoning) , loeal scale (detailed 
zoning) or even on a building-site scale (micro-zoning). However, fundamental im
portance is attributed to evaluations of historical macroseismic data (Kárník 1987). 
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The following empirical functions are derived: 

geographical clistribution of focal areas ancl fault zones, 
distribution of earthquakes occurrence within these areas, according to the 
intensity N( 10), 

- macroseismic fields, maps of isoseists 1= I(Io, R, a), 
relations between the macroseismic intensity and dynamic ground motion 
charaderistics. 

However, a sufficiently reli.able determination of these relations is not feasi ble 
in areas with such a low seismic activity as it show up in the territory of Czech 
Republic (Buben 1989). 

In such a case, analogous relations, derived from foreign data, must be assumecl. 
However, this also is the reason for the low reliability of results, which can involve 
one order's error. In order to minimize this unreliability, only such empirical re
lations should be used, which were derivecl in areas with analogous seismotedonic 
conditions, but this does not eliminate entirely the mentioned difficulties, because 
there occur also only a small number of earthquakes in similar seismotedonic con
clitions. 

For this reason, the use of authentic macroseismic information on historical and 
contemporary earthquakes is still very adual. To this purpose, locally specified 
relations between macroseismic charaderistics and grouncl motion parameters, ob
tained from seismograms of actual earthquakes, shoulcl be determined. 

Loca1 earthquakes with macroseismic manifestations clo recur, in Bohemian Mas
sif, after several years. It is therefore very important to determine, a1reacly at the 
time of the first next earthquake, both the macroseismic isoseists and the seismo
grams on a larger number of sites (teleseismic, regional ancllocal earthquakes). If 
it would be possib1e to compare, in this way, macroseismic intensities and ground 
motion charaderistics of some earthquakes on a very large number (hundreds) of 
sites, this would make up for the missing great number of eaithquakes. 

In order to make such an experiment possible in a near future, several hundreds 
of seismic devices shou1d be used. The application of such a large number wou1cl 
require very cheap, reliable, resistant, and simple (for easy attendance) devices to be 
used. Such requirements are fu1filled by passive indicators, which record e.g. on1y 
the exceeding of a peak ground acceleration level PC A. Empirical relations between 
PC A the earthquake intensity I and earthquake magnitude M are required as a 
basis for the assessment of the site specifiecl seismic hazard. We shall quote, in the 
following chapters, such empirica1 relations assumed from the foreign publications. 

2. RELATION MAGNITUDO /INTENSITY 

The funclamental dynamic charaderistic of a seismic focus is its seismic energy, 
expres sed by magnitude M. However, for historica1 earthquakes, only data on 
seismic intensities I are available. The most reliable empirical relations M(I) are 
based on the value of the mean radius Ri [km] of the ith isoseist Ii, The macroseismic 
magnitudo Mm thus determined considers the entire macroseismic field, i.e. the 
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largest possible information . 
The empirical relation 

lVIm = 0,62 Ii + 0,0013 Ri + 1,62 log Ri - 1,1 

has been derived by Ambraseys (1991) for the area of NE Europe, especially for the 
boundary of the macroseismic field, i'-e. for i = 3, 

Mm = 0,1 Io + 1,93 log R3 - 0,14. 

In cases, where such isoseist maps do not exist , simpler relation should be used. 
For the Bohemian Massif Kárník (1958) derived the relation 

Mm = 0,63 Io + 0,5. 

If at least the depth h of the focus, [km] is known, he uses the relation 

Mm = 0,55 Io + 0,93 log h + 0,14. 

For the determination of the empirical intensity Io of the earthquake within 
Central Europe area from known isoseist surface. S ( 4), S (5) and S (6) of isoseist 4°, 
5° and 6°, Procházková (1983) determined the relations: 

Io = 1,35 log 5(6) + 3,46 

Io = 1,32 log 5(5) + 2,55 

Io = 1,32 log 5( 4) + 1,66. 

For the correction !:ll of the observed intensity, for impedance (V.p) of a sediment 
layer in the subsoil of the observation site, the Medvedev relation is used 

!:ll = 1,67 log(Vl pI/V p), 

where Vl.Pl is the impedance of the standard ground. 
For the correction of !:ll for the depth H of the groundwater level below terrain 

surface, the following relation is used: 

!:ll = exp( -0 ,04 . H2 ) . 

A more general solution of this problem was treated by Zahradník (1983). 
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3. RELATIONS MACNITUDO/PEAK ACCELERATION OF OSCILLATIONS 

The peak value of the acceleration of seismic oscillations of ground PC A as well 
as the strong motion duration time T [sl are single-numeral parameters, whose rela
tion to the macroseismic intensity I is very complex. Empirical PC A(I) functions 
ínvolve a consíderable dispersion. Empirical dependence af PCA on the magnitude 
lvEm at various distances D [km] of the earthquake focus have also been determined. 
However, even these relations, assessed by statistical data evaluation, are afflicted by 
considerable (one order's) dispersion, which limits the reliability of ground motion 
estimations even with very well known values of Mm. 

In order to reduce these uncertainties, only such earthquakes should be evaluated, 
the focal parameters of which resemble as much as possible those expected in the 
considered locality. Some of such relations will be discussed as follows: 

Phillips (1986) derived, for areas with relatively small attenuation of seismic 
waves within the far field, the following formula: 

PCA = 4 exp Mm/D-o,7 

Petrovski (1986) determined relations for the horizontal acceleration component 
PGA [cm.s-2], illustrated in Fig. 1. 
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FIC 1. Empirical function AH(M, D) according to Petrovski (1986) 
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Kuk (1986) evaluated records from selected earthquakes within the magnitude 
range of 4 < M :S 7 with focal distances 2 km < D :S 120 km and with depth of foci 
h of upto h = 15 km, recorded on grounds characterized by the mean velo city oí 
shear waves Vs = 700 mls. He determined, in this way, an empirical relation, which 
would seem to be most adequate also for the Bohemian Massif: 

log PGA = 0,359 ji;[ - 2,892 10g(D + 67,45) + 5,6 . 

The author quotes a considerable dispersion value (J for that relation as (J = 0,319. 
Joyner (1981) choose 244 earthquake records from Western and Northern Amer

ica at conditions h :S 20 km, M :S 5. Peak values of the horizontal acceleration 
PGA were determined from that horizontal component, where they had a higher 
value. 50 the following empirical relation has been derived: 

log PGA = 0,249M -logD -0,00255D + 1,98 + 0,26P 

with the values: 
P = O for the probability p = 0,5 that the so determined value will not exceed the 

actual one, 
P = 1 for the probability p = 0,84 that the so determined value will not exceed the 

actual one. 
Joyner (1988) published further relations for the peak acceleration PGA [cm/s2) 

and also for the peak ground motion 
'
velocity PGV [cm/s], which he read on that 

horizontal eomponent of the reeord, wh�re they had a higher value: 

log PGA = 0,49 + 0,23. (M -6) - log D - 0,0027 D 

(J = 0,28 

log PGV = 2,17 + 0,49.(M -6) -log D -0,026 D 

(J = 0,33. 

Relations PC A(M, D) for magnitudes 5 :::; M :::; 7,7 are illustrated in Fig. 2. The 
distance D [km] is about the same as the macroscopic epicentral distance. 

Schteinberg (1986) recommends the following empirical relations: 

log PCA = 2,056 -0,04.D 

log PCA = 2,37 - 0,02.D 

log PGA = 2,65 -O,01.D 

for 3,5:::; M :::; 4,5 

for 4,5:::; M :::; 5,5 

for 5,5:::; M :S 6,5 . 

Crouse (1988) processed earthquakes in South California, recorded on a thick 
layer (over 60 m) of sediments, with the resu1t: 

19n PGA = 2,48 + O,73.M - O,015.M2 - O,051gn(D + 1) -O,0093.D 

at standard deviation of the value 19n PCA [cm/s2) (Jlgn = 0,58. 
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FrG 2. Empirical functionPGAH(M, D) accorcling to Joyner (1988) 

TABLE 1. 

Rocky and solid Thick sediment 
M sediments Iayers ť7lgn 

a d a d 
4,5 606 -2,57 189 -2,22 0,70 
5,0 617 -2,46 195 -2 13 , 0,58 
5,5 452 -2,28 147 -1,97 0,48 
6,0 282 -2,07 98 -1,79 0,42 

ldris (1977) derived the formula for acceleration PC A [g] in random oriented 
horizontal component for magnitudes M � 6 and for hypocentral distances R [km]: 

19nPGA = Igna + d.lgn(R + 20) . 

Values of the coefficients a, d and those of standard deviations ť7lgn are quoted in 
the following table, which characterizes the dependence on the magnitude M and 
on the nature oí the subsoil. 

H, for example, the intensity I = 7° i8 introduced into the mentioned relations, 
we will see that the reliability of this methocl i8 insufficient. Considering the great 
dispersion values, we would have to introduce a hight safety fador (median + 17 
or even median + 2(7). However, this would lead to the evidently too high value 
of seismic hazard, which is unrealistic in conditions of moderate seismic activity. 
At such a conditions, the only way to increase the reliability of ground motian 
prediction, we see in the comparison oí accelerographs of actual Iocal earthquakes 
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with macroseismically determined intensities. The assessment of local relations 
between I and PG Á only could reduce the dispersion, which is caused by Iocal 
geol?gical conditions. 

The determination of an empirical relation for earthquakes in Austria (Drim
mel 1985) was based on a similar idea and it resulted to the relation 

logl o (PGA) = 0,45.1 - 1,3 

With a low number of weak Ioeal earthquakes, say 1 = 3, it is neeessary to 
use a very high number of simpIe but sensitive devices in order acquire a sufficient 
data volume in the foreseeable future. An example of the foreign devices is the 
Medvedev's pendulum seismoseope (To = 0,25 s, (J = 0,5). This element ary oscil
lator reeords the response y (maximum deviation y from the zero position) to the 
intensity 1 of the earthquake, as quoted in the following table (Sandi 1986): 

TABLE 2. 

10 MSK-64 6 8 9 

y[mm] 1-2 4-8 8-16 

However, the correlation between these values its very low. 
We therefore recommend, for the assessment of the locally specified empirical 

relations between 1 and PG A, the application of seismic indicators (seismoscopes) 
of our new construction. Their "vulnerability" by the acceleration should resemble, 
as well as can be, the vulnerability of building structures. 

However, the earthquake effects, characterized by the value of 1, do not depend 
only on the peak acceleration ampEtude PGA, but also on the duration time T of 
large oscillations and their spectral amplitudes S(w). Therefore, it will never be 
possible to manage with whatever single-numeral characteristic of dynamic effects 
of seismic oscillations. The entire time history of oscillations will have to be taken in 
account (accelerograms, velocigrams). However, such records are stíll not available 
in the considered localities of the Czech Republic. 

4. ANALOGOUS ACCELEROGRAMS 

Earthquake accelerograms provide not only data on maximum amplitudes, but 
also on duration time (J of destructive oscillations and their spectral amplitudes 
S(w). These parameters depend not only on magnitude, but also on focal distance. 

At conditions of a moderate intra-plate seismicity, the statistical delimitation 
of areas of possible earthquake foci is not sufficiently reliable. It should even be 
admitted, for the internal parts of the Bohemian Massif, that a focus of a possible, 
if only weak earthquake (M :::; 5), can occur at any considered building site. 

Phillips (1986) proves that in such a seismotectonic situation, the seismic hazard 
of an arbitrary site is caused, above aU, by foei of weak earthquakes situated at the 
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shortest distances. His evidence is based on the following assumphons: 

a) the site is situatecl within a zone with weak seismic activity, where foci are 
located relatively uniformly, 

b) the frequency distribution of magnitudes satisfies the Gutenberg-Richter re
lahon in the form of 

N(lv1) = const. exp[3( 4 - 11,1)] 

and the value of M is limitecl from below by Ml and from above by M2 , 
c) the occurrence of earthquakes is a Poisson's ranclom proeess. 

The seismic hazarcl to the considered site due to the seismic activity thus definecl 
is  expressecl as probability P of exeeeding the given PGA value vlithin one year. 

where R is the distance, [R] = km. Another assumption for this evidence, introduced 
by Phillips, is the relation 

PGA = 0,4 . RO,7 . exp(M) [km,%g]. 

After substitution into the preceding expression, the following relatioll is obtained: 

It follows, from the derivation of this expression 

dP -29 -

cl 

- = 1,1 A ' . exp( -0,1.M2 ) 
M2 

The probability P increases only very slightly with increasing value of the upper 
limit M2. If we introduce, for example, PGA = 220 cm/s2, Ml = 3, then, for 
M2 = 5,5, the seismic hazard of P = 1,6.10-4 is obtained . For a maximum possible 
magnitudo M2 = 7, this exposure increases only to P = 2,4.10-4. 

It results also, from the quoted reIations, that two thirds of the total value of 
P are a consequence of earthquakes, whieh occur at the shortest distances of upto 
R = 7km. 

However, the course of these weak Ioeal earthquakes is different from those of 
strong, but distant (regional) earthquakes, in spite of equal maXilllUll1. amplitudes 
in both cases. Differences are in spedral amplitudes S(w) of the hrne history of 
oseillations A(t), expressed by Fourier transf�rm F(A). Accelerograms of Ioeal 
weak earthquakes have a relatively lower spedral amplitudes S(w) within the low 
frequency range (below 5 Hz). 

Short-distance earthquakes differ from teleseismic ones also by duration time T 
of the maximum ampEtude phase. For the time T (during which about 90% of 
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the seismie wave energy run s through the given site), Schteinberg (1986) gives the 
empirieal formula 

log T = O,207.M + 0,264 log R - 0,65, 

holding true for records of accelerographs situated on a rocky bedrock. For softer 
subsoils, another formula holds: 

log T = 0,178.M + 0,4 log R - 0,48 . 

Drimmel (1985) recommends, for earthquakes within the near field and for solid 
grounds, the formula 

log T = O,21.Ms - 0,6. 

However, for soft grounds, this time is much longer. 
Weak earthquakes within near field (M = 5, R = 15 km) have therefore the 

duration time of some seconds. These times depend also on the oscillation period 
T. According to Phillips (1986), T = 4 s for periods of T = 0,1 s, but for T = 1 s the 
time increases to T = 10 s. We therefore estimate for our OBE level earthquakes 
that the sites will be subjected to 10 to 40 oscillations. 

5. RESPONSE SPECTRA 

The frequency distribution of seismic oscillations A(t), given by their Fourier 
spectrum FA (w ), uses to be expressed frequently by means of a function S A (w ) 
called Housner spectrum or the spectral response. This function describes the max
imum reaction S((3, w) of linear harmonie oseillators for the entire cour se of seismie 
oscillations. These oscillators have various frequencies Wo and various damping (3. 

Amplitudes of forced oscillation y oť these oscillators are described be known 
equation 

y(t) + 2 (3 Wo y(t) + Wo y(t) = -A(t) . 
Let us denote the following values of forced oscillations maXlmum displacement 
amplitude 

maximum velocity amplitude 

I��I = Sv((3,wo), 
max 

maximum amplitude of acceleration 

Sd is called response spectrum oť relative displacement, 
Sv is called response spectrum of relative velocity, 
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Sa is called response spectrum of relative acceleration, 
S A is called response spectrum of absolute acceleration. 

According to Hurting (1984) following relations hold true: 

Sd = � 11tn A(t) exp [ -wo,6(tn - t)] sin[wo(tn - t]dt l o o max 

l
t
n 

Sv = -
o A(t) exp[-wo,6(tn - t)] sin[wo(tn - tJdt 

max 

Sa = Wo tn A(t) exp[-wo,6(tn - t)] sin[wo(tn - tldt l Jo rnax 

It is evident, from the mentioned relations, that it holds 

If the so-called pseudovelocity response is clefined by the relation 

Spv((3,wo) = l
o

t
n A(t)exp[-wO.(3(tn - t)] . sin[wo.(tn - t)] dt 

then the relation holds true: 

rnax 

It results, from definitions of spectral response that the response spectrum of 
oscillator velocity at ,6 = O and for t � tn is the same as the Fourier spectrum 
F( A) of the course of acceleration of exci ting oscillations A( t). 

Response spectra of oscil1ators use to have a jagged look. By averaging a larger 
number of these courses smoothened courses may by obtained, which can then be ap
proximated by several straight-line segments. The courses thus formed, completed 
by values of the standard deviation values, are called design response spectra . 

6. DESIGN RESPONSE SPECTRA 

The response spectrum describes the properties of an individual earthquake , 

while the design spectrum is used as a prescription code for antiseismic design of 
buildings and structures. Design response spectra are therefore a part of regulatory 
codes (NRC) for projecting structures with high seismic risk, mainly the nuclear 
power plants. 

Actual regulatory co des US NRC 1.60 holding true in USA are illustrated in 
Fig. 3. The table beneath the Fig . 3 quotes control values at points designated by 
letters A, :8, C, D. They were derived on the basis of accelerograms recorded mainly 
in areas with high seismic activity. They respect therefore the effécts of strong to 
medium-distant earthquakes . They are plotted in trilogarithmic coordinates, which 
helps the values of both the acceleration response and the pseudo-displacement or 
pseudo-velocity response to be read easily. 
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FIC 3. US NRC 1.60 horizontal design response code 

As parameters ,  values of attenuation f3 = 0,005, 0,02, 0,05 and 0,1 are quoted. 
The attenuation f3 should agree with the attenuation of the own oscillations of 
projected structures. For example, the new .J apanese seismic code (Kato 1978) 
prescribes for pipe ducts, 0,005 :S (3 :S 0,025, for cable briclges (3 = 0,05. 

The application of these standards to our areas with low seismic activity results, 
however, in unrealistically high requirements on the antiseismic design of nuclear 
power plants. The reason is that the weak near earthquakes involve for frequencies 
f < 3 Hz significantly lower values of response spectra than those prescribed by 
US NRC 1.60. 

The dependence of the response spectra on the focal distance is suggested in 
Fig. 4 (Phillips 1986). This concerns the result of processing the earthquakes in 
.J apan, recorded on rocky bedrock and at focal distances of R = 5 km, 15 km ancl. 
60km. 

The standard US NRC 1.60 is so far assumed also in other countries with moder
ate seismicity. Hs modification is actual, for example in France and U. K . The pro
posed design response spectra are quoted in Fig. 5 (horizontal component (3 = 0,05). 
These are normalized to the value of 0,25 g for frequencies of 30 Hz. 

The narrowest maximum has the spectrum clenoted by the letter C for an earth
quake in France (M � 5, R � 10). The course B concerns an earthquake on the 
UK territory, recorded on rocky grouncls. The course clenoted by A, suggested for 
C anadian territory, has a relatively largest width of the maximum response segment 

(between point 3 and 4). 
The in:fl.uence of ground properties in low to moderate activity zones has been 

investigatecl by Woo (1986). The choice of 145 accelerograms was made according 
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to the following rul.es: 

a) 4 < NlL :s; 6,2, 
b) focus depth up to H = 30 km, 
c) epicentral distance R . 50 km. 

These accelerograms were dividecl into three groups according to the subsoil char
acteristics: 

1) hard rock, 
2) consolidated secliments, 
3) soft sediments. 

;1QO 
'-g 

1,0 

I 
/ 

/ 
0,1 /50 rit 

LL 
1/1 

tl! 
'g 1 Q01 0,1 

/} 

� � 
1�V-'f�1 ;-/ A 

. ') I . I 

IJÍ'1 
Bl 
�' 
�ED/UN 

l 
1,0 

'-'. 4 11" 'irc � �\ �/ � 
�'\5 

" f-IARD / 

jJ =ops 

Hr 
I 

10,0 100.0 
FIG 6. Horizontal design response spectra scaled to 1 g at 33 Hz for var

ious recording-station ground conditions A: hard rock, B: soft, 
C: medium in comparison with D: US NRC 1.60 according to 
Woo (1986) 

The response spectra (f3 = 0,05) thus determined are illustrated in Fig. 6. For 
comparison, there are drawn also design spectra NRC 1.60. For soft sediments, the 
response cour se approaches US NRC for frequencies within the range of 3:S; f < 
8 Hz. But in all other cases, the US NRC requires higher values. 

In the Germany, the standard KTA 2202.2 from 1975 has still been used. It is, in 
principle, identical with American NRC. The moderate activity of Germany is ch ar
acterized by maximum earthquake intensity of 10 = 8° MSK-64. The modification 
proposal of the German design response spectrum (Wittman 1966) is based on the 
evaluation of accelerograms with focal distances of upto 20 km.Fig. 7 illustrates the 
suggested design response spectrum for f3 = 0,05 and for 7 :s; I < 8. The curve C 
holds for first category of grouncls, the curve B is for the second and curve C for the 
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FIG 7. Horizontal design response spectra at (3 = 0,05 for local earth
quakes with epicentral intensity 10 = 7,5 for A: soft soil, B:  me
dium sediments, C: rock grouncl, accorcling to Wittman (1986) 

third category of grounds. The applicabili ty of these codes also for the Bohemian 
Massif area is facilitated by the fact that these respo

' nse spectra are not normalizecl . 

A similar proposal of a non-norma1ized design response spectrum has been pub
lished by Schteinberg (1986), See Fig, 8. Spectra are specified for magnitudes 
(4 :::; M :::; 8) and for distances R < 20 km and for 20 ::; R ::; 40 km, Seetions 
of constant maximum response are wiclenecl with increasing magnitucles towarcls 
the low frequencies, The relation hetween the lower limit of these sections Id and 
magnitudes M is 

log Id = 1,04 - 0,135.M . 

The applieation of the non-normalizecl spectra of Wittman or of Schteinberg is of 
great advantage. The scale factors need not be assessecl which is a very problematic 
matter. 

Weak loeal earthquakes have a very shod phase of strong oscillations, which can 
even have the fonn of a single-peak amplitude. Such am_plitucles clo not procluce such 
large destructions as the same amplitudes lasting during a longer duration time. An 
irreplaceable significance must therefore be attributed to the accumulation of new 
accelerograms and macroseismic data and assessment of locally specified empirieal 
relations between macroseismic intensities and the ground motion characteristic. 
We are therefore proposing new seismic acceleration inclieators, whose response 
would eonsider also the cluration time of oscillations. 
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with M = 4,5,6,7; 8, at clistances 0-20 km - A and 20-40 km -
B, not normalizecl, in comparison with US NRC 1 .60 , according 
to Schteinberg (1986) 

7. INDICATOR OF GROUND MOTION ACCELERATION 

The principle issues from the classic Newmark's model of sloppy terrains: a rigicl 
plate (block of the mass nI.) wi th a smooth and planar bot tom face is laid on an 
inclined support plate of similar properties. By gra-vity, the upper pla-te may slip 
on the bottOln plate (Newmark 1965). 

In the construction of this clevice, the support face may be representecl by the 
insicie of a gla-ss tube (length 200 mm, cliameter 20 mm), Fig. ga. A cyhnder (cli
ameter 10 mm, length 80 mm) made e.g. of well pohshecl chrome-platecl steel is 
freely inserted into this tube. The 10ngituclina1 tube axis forms a sma-ll angle T with 
horizontal plane, Let the shcling cylincler be shifted, in the initial position, towards 
the higher end of the tube. Let the centre of gravity of the sliding cylinder have, in 
this position, the coorclinates x = O on the X axis,which is nrmly connectecl with 
the tube. At the angle 'Y = O of the cylinder is at rest, clx/cIt = O. 

Tf we increase slowly (quasi-statically) the angle 'Y to a critical va-lue of Ter, the 
cylincler starts to advance along the inclined tube surface. The critical angle 'Yer 
is clefined by the eondi tion tha-t the gra-vity component equals the reversely a-cting 
force of Coulomb friction, whieh clepencls on the value of the coefficient of static elry 
friction ll, thus 

r71..g. Slll'Yer = Il..Tii"g. cosTer, 
II = tg Tcr . 

The value of the ffiction coefficient fl clepends Oll materials of both the tube ancl 
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FIG 9. Sliding block model as seismic a,ccelera,tion indicator. 
a. principle of instrument 

b. conclitiollS of motion for , = O 
c. conclitions of motion for, -I O 
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cylinder and on the smootlmess of theil' surfaces. \tVith various materials, we ob
tainecl the value 

sin ,cr = 0,125 . 

\tVhen using this arrangement as seismic inclicator, the augIe , i8 set up to a 
suberitieal value, say sin,s = 0,1, at which the cylinder cloes not move.It starts 
shifting if the tube woulcl be s1.1bjectecl to certain acceleration A(t) acting in the 
direction of X axis. 

However, for harmonie motion 

A = Ao sin Dt , 

the cylincler will be shifted only in those time intervals, cl1.1ring whích the conclition 

A � sin ,cr - sin I' s 

is fulfillecl, tlms in the deseribed experiment if 

A � 981.(0,125 - 0,1) = 25 

The N ewmark's static sR-fety coefficient of stability Fs (Pelli 1992) i8 clefined by 
relation 

In our case, Fs = 0,125/0,1 = 1,25. According to Newmark's definition, a slicling 
model is in the state dose to static stability, if it holels true 1,2 S Fs S 1,5. The 
described clevice satisfies this conclition, so it can be used as an inclicator of ground 
motion acceleration. 

The reaction of this indicator to the earthquake intensity I can be preliminarily 
estimated by the use of relations PG A(I), quoted in chapter 2 and 3. According to 
them, this indicator shoulcl reliable react to earthquakes with intensities I � 4°. It 
has a higher sensitivity than the Meclveclev seismoscope ancl can thus be use cl for 
monitoring weak earthquakes within the Bohemian Ma.ssif. 

The relative motions of the cylincler within the tube are clescribecl by solution of 
the equilibrium equation 

m.a = m.A(t) + m.g/sin, + fJ.m.g. cos" (1) 

where a = dv/dt = d2x/de is relative acceleration of the cylincler, FA = m.A is the 
force proclucecl by grouncl acceleration, Fr = m.g. sin, is the gravity component, 
and Ff = m·fl·g i8 the friction force. 

Let us first consicler the ease, when the tube is in horizontal position: sin, = 0, 

fr = O, Fig. 9b. As far the seismie aeceleratioll is small i.e. lAl = p .. g, the cylincler 
remains at the rest, dx / dt = v = O. However, if at certain time intervals the 
acceleration A( t) acquire the value 

lAl> Il.g 
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then, within these time intervals , t he relative acceleration a(t )  of the cylincler wi t hin 
t he tube satisfies the relation 

a(t )  + {l . g . sign( v )  = -A(t) . (2) 

Due to the change of sign of the ffiction force in clepenclence of the sign of motion 
velo city [sign(v) ] , the response of such a system is linear only by parts . It holel8 
evidently that the displacement amplitude � clecreases with increasing friction co
efficient fl . 

The equation (2) can be solved by the method of simu1ation of A( t )  by t he 
following stationary processes : 

a) white noise ( G aus3ian process ) ,  
b)  white  noise wi th filtration (Kanai and Tajimi process) .  

The G aussian process Sun i s  clefinecl b y  the unilateral output spectral clen si ty 

Co 
5(D) = Co 

for o :s; rl :s; 00 .  At Gaussian input motion , the solu t i  on ca.n be found by the use  of 
an equivalent l inear viscous system with the equivalent at tenuation coefficient f3 ,  

The accuracy of this approximation increa.ses with increasing value of 13 (Betb eder 
1992) .  

Consta.ntinou ( 1 984) prop osed the solution of (2) for the  input process of  the 
Kana.i type,  a.1so wit h  the use of equivalent viscous at tenuation .  

N ow , we will b e  concernecl t he case i llustrated i n  Fig.  9 a ,  when F'Y -# O and t he 
mot ion is  clescribecl by equation 

a(t) + g [3in l + !l sin( v )] = -A(t) . 

In this case, the system behaves so as if the fri ct ion coefficient would b e  asymmetri
caL Depending on the sign of the motion velo ci ty sign( v ) there o ccur two effective 
fri ct ion coefficients , !l2 > fll ' 

This p roblem has been solvecl (Constantinou 1 984) by the use of an equivaIent 
coefficient of viscous attenuation f3a s for input stationary Gaussian noise. It holds 

The following relation holels true for the velo city of motion of the cylinder within 
the tube:  

Jr fl2 - tll 
V = - . Go . . 2 g !ll !l2 

Hs accuracy increases with increasing asymmetry, i . e .  t he value (P'2 - f-1' 1 ) . 
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It has b een confirrned, by aur repeated exp eriments on a vibrat ion t able (har

monie s tat ionary oseillations 1 to 3 Hz, clisplacement amplitucles do = 3 mm) , that 
the average velo eity v is eonstant , but the dispersion of individual values is consicl
erable high (tens of % ) .  

The average total displacement length 6 x  of eylinder within the tube i s  t hus 
�lirectly proportional to the duration time T of input oscillations . With a general 
course of the input acceleration A(t ) ,  i t  is possible to cle termine the displacement 
6 x  as clouble integral of those sect ions of the A(t) course, which exceecl the friction 
zone, as i t  is illustrated in Figs . ge ancl 10. 

g &<_s;n�)l&-- - - -��� -.---- _--=---t . 

� �  : \  / :  � ť3 :  : 
V

; : 
O : : : :  
":( : : :  

· : .  · . .  
· . , 
� v (t) · . 

· , 
: . 
: : 
· , 

· . 

FIC 1 0 .  Displacement computation by twiee integrating the segments 
of the acceleration t ime history A( t) which exceecl the cri t ical 
acceleration va,lue Acr 

However, when obtaining large number of values 6 x  on the vibration t able, a 
considerable clispersion was founcl .  Thnt is the rea,son , why quanti t ative eonclusions 
about A( t) from the value of 6x woulcl not be reliahle . 

As i t  results from prececling chapters , the expectecl weak and near-focus ea,rth
quakes will be charaderizeel by cluration T of t he oreler of seconds ancl by frequencies 
about of 5 Hz. Using this inelicator only it  ean be determinecl: 

a) whether there occurred an earthquake with A > Acr manifes ting i tself by the 
clisplacement 6 x ,  

b )  whether t h e  number of  oscillations N = f . T  was sufficient for 6x reaching a 
certain crit ical value Xc r . 

A seismic inclica,tor constructecl on principle clescrib ecl shoulel t herefore b e  com
posecl of several tubes with various inclination angles "( ,  corresponeling to some 

1 0 7  



prese t  values of Acr .  
For signalling the state :L: 2: :r:c r ,  the tubes coulcl b e  b enclecl t o  an arch s o  that I 

would increase \vi th increa-sing :r (upto the va-lue s ay 6 0° ) s t arting \vi t h  the p oint 
:r  = :r cr , as suggestec1 in Fig. l l .  

T h an t he p osit ion of the moving cylinc1er woulcl b e  i rreversible ancl end at t he 
b o t t o m  p Ing, where i t  lies down with most of its weight . Thís can be simply usecl to  
reliabIy s\vi t ch (on - on) the electrical contact in the microswi tch , \vhich is built 
in the bo ttom pIug of the tube.  The time of occurrence of a seismic phenomenon 
can be interceptecl by interrupting the feeclillg of a standard eIectric doc.k , eCluippecl 
also wi t h  a caIendar . 

S u ch an earthquake inc1i cator can be proposecl also as a seismic swi t ch ,  which is  
a nlandatory comp onent of  nuclea-r power pIa-nts . 

According to  the U .S .  nat ional standard (ANS . 2 . 2/Ni8 .5- l 974) ,  there should b e  
used,  i n  aclclition to other seismic devices , also the so-called independent seismic 
swit ches . Their function consists in transmi t ting a signal for the immecliate remote 
incli cation of exceecling a preset accelerat ion value (e . g . 0 , 1  g to 0,2 g). 

S u ch a remote inclication shoulcl be  effectuatecl by a signal fecl preferenti ally 
to  t h e  power pIant 's control room . This signal shoulcl fOrlu a b ase for immecli at e  
aclministrat ive measures Ol' for after earthquake clecisions . 

The seismic switch llllls t  function without power feecling, i t  shoulcl b e  s t abIe 
in t i rne , with maximum reliability. Hs fUllction shoulcl not be clis turbecl by the 
surrounding physical environment . The suggestecl indicators woulcl fulfill aH these 
requ i rements .  

Measurements of the s t ationa-ry vibrations , occurring during the normal op era
tion of the nuclear p ower plant of the type VVER 440 MW, were macle on several 
sites of t he reactor 's  founclation plate.  H has been founcl tha.t vibrations h a.ve , 

within the spec.tra r ange of 60 to 300 Hz, several narrow local lllaxim a.. Spectra.1 ac
celeration amplitudes at t ai n  here va.lues of upto the first mls,  which is comparable 
with the prescribecl acceleration values even the S S E .  It is, however, known t hat 
the v uInerability of structures is much lower, at such high frequencies , than within 
the " seismic-engineering zone" of upto 35 Hz. Neither the seismic indicator shoulcl 
read t o  such high frequencies . 

This can be achievecl by the following constr1.lction mocEfication: The tube is 

conneded by llleans of springs . An oscillating system is thus formed with one 
clegree of freeclom within the tub e ' s  a-xis .  Its own frequency can be set ( by the 
elast ici ty of springs ancl mass of the swi t ch )  to the va.ltle .fo . 

5 Hz. This frequency 
is cons i clere d ,  because the design response spec.tra will a.t t a.in its m aximum values 
on i t .  This results from empirica.l data, quot ecl in prececling chap t ers and illustratecl 
in Figs . 3 .  t o  8. The attenuation of thi!'> oscillating system approaches the necessary 
value of j3 = 0 ,02 so that the application of aclclitional damping device is no more 
necessary. 

The seismic swi t ch of this typ e thus incli cates the exceecling of the cri t i cal value 
of acceleration response of an element ary oscillator (f = 5 Hz,j3 = 0 ,02) . Obvlously, 
i t  would b e  quite easy to use an even large nUlllber of these swit ches , a.lso for other 
frequencies . No serious technical ancl economical problem shoulcl therefore prevent 
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their applicat ion (Buben 1990) . 
B efore inst allation of inclicators, their calibration shoulcl be made with the use 

of a vibrating table. It shoulcl be cleterminecl , for each inclicator: 

a) the dep enclence of the cri tical value of horizontal accelerati on Acr as a function 
Of l ,  

b ) t h e  dispersion of this values, which is n o t  negligible . G reat clisp ersioll is  the 
consequence of elry friction forces usecl for measuring purposes . In oreler to 
recluce this values, it is necessary to use most perfectly polishecl , clean anel 
elry friction faces in hermetically closed tubes ; 

c) sett ing the optimum p osition of the point XCf ) see Fig . l l .  
An isolat ecl peak value of the acceleration shoulcl not actuate the switch,  but the 

number of periods of the SSE must b e  sufficient to shift the cylincler at least into 

i ts  crit ical position X cr . 

o 

FIG l l . Seismic switch 

9 .  A p P LICAT I O N  AREA 

a) The relation between anomalies of isoseists ancl tectonic faults has been re
vealeel by Zátopek (1956) in his pioneer works dealing with the propagat ion 
of East Alpine earthquakes through Bohemian Massif. He callecl these linea
m ents " mobile zones" . From this point of view, a new interpretation of all 
existing isoseist maps has been made by Š imúnek ( 1 99 1 ) .  The fauIts show up 
t o  be conclucting channels for foci in certain area, while for foci in other areas 
t hey cause anomalous attenuation of intensity. 
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Tectonic faults of deep foundation , \'lhích were reactívated in the Neo
tectonic era, shoulcl be consiclerecl as p ossible sites of earthquake fo ci in the 
future . :lvlore accurate data on geometry anel s trudural heterogeneity of faults  
are  very imp ort ant for the prognosis of their seismi c. potenti al .  The theoreti
cal and p ractic.al significanc.e of t hese prognoses is obvions anel their solution 
b el nl1 0'S to pI'l' ''rl' t l' ec nf "'1' °'; " "''''''; 110' 8 "'1' 8 11101 " o'1i , .... '-J tJ 'J U 'J V '-o J.OLlJ.\.." ""oJ. J. b '-- . .IJ.. \.1 oj . 

Deu'ing the· seventieths anel eightieths ,  an interpretation of the c1eep fault s  
has b een macle on the basis of cleep seismi c souncling on several profiles 
throughout the B ohemi an Massif ( Blížkovský 1 986 ) .  It is our actual t arget t o  
complete the fundament al picture thus obtained. To this purp ose , b ot h  the  
1ne t hods o f  " sh allow refraction" anel t he macroseiSlnic lnethocls can be usecl 

whi ch could be completec1 anc1 refinecl by means of seismic inclicators appliecl 

in a large numher together with the network of 10eal seismographs , built up 
to now in six localities of Bohemia (Buben 1992) .  

The el lipticity of isoseists in the ep icentral zones is  relatecl t o  both t he 
seiSlnic IllOn1.ent tensor ancl to  the structure of the source zone . For this reas on ,  

the observation point shoulcl b e  con c1ensecl to  t h e  zones o f  most probable 
o c currence of earthqu akes . 

b )  The mat ter of monitoring technical seismicity is  to evaluate i t s  effects on s ur
r ouncling s tructures . The damage of s tructures is ini t iated at grouncl moti on 
velo c.ities with amplitueles of firs t em/ s .  The prevai ling frequency of these os
eilla,tions are a,rouncl f = 10 Hz, so the grounel motion acceleration amplitucles 
exceecl 6 0  cml S 2 . The occurrence of such motiollS can be easy moni t orecl by 
proposecl inclicators . Their applic.ation in the neighb ourhoocl of t echnical a,ncl 
mining blasts  ( quarries , open-p i t  milles ) woul cl therefore seem aclequat e . 
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INTEN S ITA A P RO J E I<TOVÁ S P E KTRA O D EZ V Y  řil A X I M Á LNÍCH 

VÝPOČ;TOVÝC H ZEtvI ĚTŘES ENÍ  P IlO LOKA LITY NA ÚZEMÍ  Č R  
Ro b ert Brož and Jiří BlI.ben 

Pro tiseismické zabezpečování st aveb,  jejichž seismické r iziko je  velmi vysoké , se neřicl i  b ěžnou 

stavební normou . Na příklad pro projektování jaderných zclrojú a úložišť radioakt ivního  opadu 
jsou n ezbytná mnohem obsáhlejší vstupní data, k terá ch arakterizují  vlastnosti l1'l aximálního výpoč

tovéh o zemětřesení M V Z ,  předepsaného pro danou lokal i t. u .  Vel i kost tohoto zemětřesení  se stano
vuje na základě pravděpodobnosti P jeho ročního výskytu P I O - 4 . Tat,o velikost země třesení j e  
ch arakterizov án a jeho i n  tenzi tou I ,  dobou trván í  prudkých kmi tú T ,  d ál e  místně sp ecifikovaným 
sp ek trem odezvy a konečně též souborem místně specifikovaných akcelerogramů . 

Uvedené ch arakteristiky M V Z  v oblastech se slabou až mírnou seismickou ak tiv itou se však 
stanovuj í  velmi obtížně, protože je  k d isp oz ic i pouze velmi malý počet pozorovaných jeviL 

P řebírání analogických charak terist ik , které byl y  stanoveny v zahraničních oblastech s vysokou 
seismickou aktivitou,  má za dúsledek nerealistické n adhodnocování seismického ohrožení. Je  proto 
nezby tné j ak vytěžit m aximální informaci z historických l11akroseismický�h dat tak i získávat 
přístrojové záznamy současných mikrozemětřesenÍ a technických zdroj ů .  V současné době n a  

území ČR již  registruj e  šest lokál ních seismických sít.í vybavených krátkoperiodickými velocigrafy 
v lokalitách K l adno,  Ostrava, S třední Čechy, .J ižní Čechy, Z ápadočeské lázně, Severozápadní Čechy. 
Současná m ak roseismická pozorování je třeba doplnit a objek tivizovat s použitím seisrnoskopů.  

V tomto sdělení j e  p odán n ávrh konstrukce a využití  seisrnoskopu nové konstrukce, založené 
na principu klouzavého p ohybu tělesa na šikmé ploše, vyvolaného seismickými k m i ty. Tyto seis
moskopy doplněné elektrickým kontaktem mohou být použity též jako seismické spínače, t .j .  in
di kátory přek ročení j isté h l adiny zrychlení pohyblj P llcly s j istou frekvencí a se zachycením časového 
údaj e tohoto překročení . 
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