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SUMMARY

The problem of computing the floor resp onse spectra at various levels of a nuclear power
building is studied.

A standard modal analysis of the building is assumed to be performed in advance and the
peak accelerations at any point of the structure for any significant mode are assumed to be
known.

It is proposed to specify the earthquake by means of a power spectral density distribution
of the type ¢ = ¢, [function (frequency)]; its value ¢ and frequency dependence can be given
to reproduce the specified response spectra in the region of relevance for structural response.

The so specified power spectral density is filtered through two consequent filters, the first
one representing the structure (while vibrating in one of its significant modes) and the second
one the equipment (in one of its significant modes).

The average quadratic accelerations both of the equipment and of the structure in the
point of connection are consequently evaluated and the ratio of the two values computed.
The floor response spectrum is consequently evaluated by means of a standard square root of
the squares of responses for significant modes.

The case of a stationary white noise power spectral density is considered as of special
importance as the amplification factor (i.c. the ratio of the accelerations of the equipment and
of the structure at the point of connection) can be derived in a closed form independent
from the frequencies of the structure and equipment and dependent only on their ratio.
The importance of the stationary hypothesis is discussed and finite length correction factors
introduced.

All this procedure is available on a computer by means of the ad hoc program CFRS.

Typical cases of response spectira have been considered and discussed; the applicability
of the white stationary noise analysis has been studied and the validity range for such
a simplified and compact analysis derived. A comparison with other standard methods
(time history, etc.) is provided.

The author considers this method as having some advantages due to its quickness as
compared with other standard methods, which permits a fast (and generally conservative)
evaluation of the peak accelerations in the equipments during seismic excitation.
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1)} Introduction

The problem of computing floor responsa spectra, due to seismic excita-
tion, has become quite relevant in order to correctly design equipment placed

at various locations inside the buildings of a nuclear power station.

These pieces of equipment are generally quite light in comparison with
the massive bulldings to which they are attached, consequently they can be
neglected in the dynamic analysis of the building without making a large er-
ror.

Besides the dynamic analysis of a building can be performed by thie use
of a spectral analysls tecnlque, by which maximum accelerations can be deri-
ved, but no information is generally obtained about the earthquake spectral
deformation due to the filtering of the various bullding modes. So it has be
come customary to perform a "time history" analysis too in order to compute
spectra at varlous locations in the buildings, anyhow some difficulty may occur
in order to have proper normalization of the selected earthquake (either re-—

glstered or artificial) [1,2 J.

Some other methods [3] have been proposed in order to avoid this time-
consuming job and to derive floor response spectra from the standard speclral

analysis by means of "universal" amplification curves.

The purpose of this paper is to lry a simplificative analysis in order
to avoid a time history analysis consequent to a standard building dynamic

analysis.

2) Analysis by means of a white noise tecniaue

The simplest way of representing an earthquake is to assume il is & sta
tionary white process, indefinite in length and with a power density constant
all over the spectrum, this idea is quite old and has been used and modified
extensively [h,5] .

The analytical advantages of this assumption are quite obvious, with
reference to fig.1, itis a simple matter to define the transfer function for

the building (subscript S), and for the equipment (subscript B):

Mg
“ O(b) De N
E
Wig
where
D, K
W = eigenfrequency

Ws, We = building, equipment eigenfrequency
ﬁs,ﬁe= critical damping ratio

2 2 -
it has been assumed wo Vs/wwﬁ We = Ne /i, Lig.
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If ¥ is the power denslty the value of the quadratic average absolute ac-—

celeration will be:
al= Q/Hs(w) B (w) dw
(2ab) o
ai:Z/Hs(w) He(w) & (w) dw
o

if ¥ is a constant it is a simple matter to compute ag, which it is:

(3a) a.=  TPws/28

The peak acceleration asp will be some multiple of a_s it is a common
hypothesis 1o assume:

(3b) Olep = 3Ag= 3 7T¢ Ws/2f3$

It is possible to resolve the integrals in equation (2b) and to compute

a it will be an expression of the type:

ae=§(pe, e, ) . 7

!

where
R= Ws/ We

The ratio of equipment quadratic average acceleration to the building

one will consequently be:

o
H He(w) &

() A= Q& . /";(W) - wg §(pe permy

O fo Hs(W) w

The function % (ﬁSIPQ‘R) 1s given by

e . /4 { AR% 4o R¥Y_ A3 (g

(5) %(PS‘FQ'R)“I/’FTE . +/5_e(3m

[3
where

p. Sefi+ el
A1y & Aag”

R Sale-due ¥

Aada+ Ay’

The expression given Dby (4) will be consldered as a measure of the ampli
fication of the equipment response due to ithe building filtering of the origi-
nal signal; in this sense it is inmaterial which 1s the value of the ratio Aép/

/as and aEP/aE(peak to average), provided it 1s the same for the two cases.

The value of A has been computed for a number of cases (different

couples) and it is given in figs. 2-3.

3) Influence of not white snectrum

Let us now assume that @ is not a constant, but is a function of w, as ge

nerally it is, if such is the case (4) i1s modified into (6)
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© 4
He(W) Hel(w) Biw) dw Ve

S, Relw) dw @ (w)

(6) A=

while the value of a_ is again given by (2a).

The computation involved in expression (6) can be performced either analy
tically or numerilcally and has been performed lfor a number of cases by means
of the standard CFRS code [7] . The absolute value of § is irrelevanl as only
amplification is computed here, anyhow in the computation of ag the code nor-
malizes the value of ¢ so that a(M/=‘m ) = 1.

Two cases Were examined, the first one,specktrum A,is characterized by a
# (W) expression given as follows:

W £ A5 Vdd/be(‘, 515 =¢o

A5 £ w g 54 F = o (54-W)/(54-45)

W > 54 97 =0

The spectrum of @, normalized as specified, is given in fig. 4-5 for va-
rious/f;5 values. As one can see there is a close resemblance Lo Lhe standard
Newmark type spectrun, so that this spectirum can be considered as representa-
tive for the repgular type spectrum like Newmark or similar.

A number of cases were examined by means of the CI'RS code and are given
in table 1,2; a comparison is provided with the results of the use of Lhe
white nolse tecnique; as can be seen from the resulls given in (he lLables 1,2,
there 1s a wide arcea for whiclh the conventional white noise analysis is accu-
rate enough.

The spectruam D is characlerized as follows:

w < A0 vad/sec ¢ =@

A0gw<£20 ¢=¢oi-o.4ew2+5.aw -3A§

W20 ¢ =0

The spectrum of ﬁn is given in fig. 4-5 for ﬁs=0.10, 0.07, il is a spec-
trum with a peak around a period of 0.3-0.4 sccs; its amplificalion factor is
given in table 3 and compared with the results of the while noisc¢ analysis.
In this case too there is a wide zone for which (he while noise lecnique is

valid enough.

) Effect of not stalionary response.

We have assumed till now thal botll the dinlel signal and Llic response are
stationary, what 1s often nol verified; the nol-stalionary response of an o-
scillator Lo a stationary signal was studied by Caughey and Stumpf [8] and
thelr results have becn used.

Let us consider first the case ol the wmotlon of m_, we could assume Lhal
the inlet sipgnal 1s regular (no sharp 1>cuk’s) around lh;,- bullding perlod, if

that 1s so Lhe translliory response will bLe

(7) Gps = o, (4~ expl-2w, Bss)
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where TN is the stationary response, and s is the time, as /35 in generally
quite high, say 7—10%, it is clear that few scconds are enough to have the
stationary value if wg is of the order of 10 as 1t is quite often.

However if the equipement is considered, the damping ratio is generally
lower (of the order of 1- %) so that even if the inlet signal is stationary,
the response will be transitory for a large time. The case in which the motion
of the Luilding is stationary and the equipment one is transitory can be stu
died by means of the general expression given by ref.8.

Tl is obvious that the earthquake duration, which is introduced hasto be
related to tlie period for which 1ts intensity is mnearly constant,i.e. after
the development phase and before the die oul one, which 1s generally of the
order of few seconds. In this way the earthquake will be characterized by both
its spectrum and ils "significative duration"; it is an approximation and a crude
one, but the author thinks il is a comparatively simple way to accounil for the
"finite duration" effects.

Some calculations have been performed by means of the CFRS code, assuming
Lhat the spectrum is the A type, typical resultls are given in fig. 0; as it
could be cxpected the "lFinile duration" effecls can be characlerized in a reduc
tion of the amplification, which increase as the equipment or structure frequen

cy is incrcased.

5) Typical examples

Let us now assiune thal a standard spectral analysis has been performed
Cor a building and thal modal acceleralion, damping and frequency are speci-
fied ot cach point in (he building. Let us assume Lhat amplification factors
can be derived by means of one of Lhe described methods, lel a (i) be the
Luilding acceleration and A(i) be the correspondent amplification factlors, the

egquipmen! acceleraltion could be derived as follows:
2 2 Yo
A= (Z, o () A (L))
L
This can be done aunlomatically by weans of i(he CIFRS code and has been
done for a f(ypical case [10] , Lthe resulls are shown in fig.7; a comparison
is provided with thie amplification curves given by [3] and the resull of a

slandard Lime history analysis LD] .

G) Conclusions

A simplifled tecenigue Lo compute floor responsce speclra is proposed; it
involves [he use of the resulls of a slandard modal analysls lLecnigue and pro-
perly compuled amplifClcecation faclors in order Lo compute peak acccleralions al
varions ITevels in the building (f]uor responsc spchru).

e unplilfication Cactors may be compuntfed on Lhe basis of a convenlional
carthguakhe, given by means of 1ls power densily distribulion and duration. The
Teonventional carthquake” should hiave a speclrum rensembling Lhe one, which was

cnployoed in (he standard bhullding analysise. Anyhow no close resemblance should
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seem to be necessary, so that the simple "white noise tcenlque" 1is often pre-

cise enough in order to compute tlhie floor responsa amplification factors.
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TABLE 1
Spectrum A
Auplification factor-structural frequency
ﬁ5= 10% ﬂe _ 1% as indicated
freq equ lcps 2cps heps S5cps 10cps Indef., Conventional
white validity 1i-
£ strutt noise mit (cps)
10% 20%
0.10 0.68 0.84 1.09 1.25 3.21 1.01
0.20 1.22 1.39 1.66 1.86 L.69 1.47 2 4
0.30 1.72 1.85 2.15 2.4 5.74 1.91 4 4
0.40 2.24 2.4 2.69 3.01 6.47 2.38 L 4
0.50 2.86 2.94 3.36 3.73 7.07 2,99 4 4
0.60 3.70 3.76 4,29 4.56 7.52 3.82 4 5
0.70 4.97 5.03 54553 5.80 7.49 5.11 4 5
0.80 7.7 7.22 7.69 7.89 5.05 7 .34 5 5
0.90 11.30 11.30 11.60 11.70 1.63 11,50 5 5
1.00 15.10 15.20 14.90 14.60 1.37 15.40 5 5
1.10 11,10 11.10 10.50 9.97 1.26 11.30 5 5
1.20 7.37 7.40 6.67 6.15 1.19 7.52 4 5
1.30 5.39 5435 4,67 Loty 1.15 5.51 2 L
1.40 .26 ho17 3.53 2,98 1.13 4.34 2 4
1.50 3.593 3201 2.81 2.25 1.11 3.60 2 2
1.60 3.04 2.90 2.32 1.74 1.09 3.10 2 2
1.70 2.68 2.5h 1.97 1.47 1.08 2.74 2 2
1.80 2.41 2.26 1.72 1.38 1.07 2.46 2 2
1.90 2.21 2.05 1.52 1.32 1.06 2.25 2 2

2.00 2.0k 1.89 1.37 1.28 1.05 2,09 2 2



ﬁs= 10% lBe= 2%

Amplification factor-structural frequency as indicated

freq equip

freq strut

0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90

1.00

1.90

2.00

1eps

2cps
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TABLE 2

Spectrum

“cps

B

5cps

8.14
9.94
7.18
L.G67

3.28

10cps White

nolse
2.28 0.72
3.32 1,04
h.07 1.35
L.58 1.69
5.01 2.12
5.32 2.72
5.28 3.65
3.65 5.23
1.63 8.06
1.37 10.50
1.2 8.0h
1.19 5.57
1.15 ha17
1.13 3.35
1.10 2.83
1.09 2.h7
1.08 2,21
1.07 2.02
1.060 1,87
1.28 1.76
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TABLE 3

Spec trum

B

Amplification factor-structural frequency as indicated

f equip

f strutt

1.90

2,00

leps

3cps

Indefinite
white noise
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fig. 4 - Spectra for f3¢ = 10%
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fig. 5 - Spectra for /33 = 7%
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3 s = 10%
Pe= 2%
o Tz 42.5 sec
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fig., G6a - Influence of duration on amplification for stiruclural
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PBs= 40%
Be= 2%
9 o T= 42,6 sers
v T= 5 s«
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rige Gb - Influence of duraiion on amplification for structural

frequency = 2eps
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