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SUMMARY

One of the main objectives of the dynamic analysis of the structures of a Nuclear Power Plant,
and that requires a considerable effort, is the determination of the dynamic input that these
structures transmit to the equipment and substructures they support, usually given as Floor Res
ponse Spectra {FRS).

A close ceollaboration and Feedback between the different groups that use and develope the FRS,
is considered tobe a very important factor in order to adapt the scope and content of the FRS

to the precision required for a proper analysis or testing of the equipment; not only for the
action of simple events but also for multiple combined actions.

These aspects should be evaluated not only in the I'inal stages ofiqualification of the equipment
but starting during the earliest stages of development, taking into account that usually the
users schedules do not coincide with the schedules of the analysis group that developes the FRS.
Different mechanismcs of interchange of information and colaboration are suggested in order tn
optimize the availability, use and production of FRS.

In the aspect of FRS generation, different procedures are reviwed including the direct procedu
res, not only for FRS but also for secondary FRS that are needed for the evaluation of equip-
ment supported on other equipment or subsystems.

It is concluded that in many cases, the direct procedures can be developed economically with
the advantage that is easy to take into account the variability not only of the transfer func-
tion (including damping, stiffness and modal massratioc}. Different probabilities of excedence
levels can be stablished in order to obtain a more realistic dynamic response of the equipment.
These last aspects can contribute to a more flexible procedure for the availability and genera-
tion of the FRS.
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1. TINTROUCTION

One of the main objectives of the dynamic analysis of the structures in a Nuclear Power
Plant (NPP), that requires a considerable effort in manhours and computer time, is the determi
nation of the seismic input that (in addition to the determination of the building response),_
subsystems, equipment and components receive through the filtering effect of the buildings
from the seismic environment. Usually the seismic input is given in the form of Floor Response
Spectra (FRS).

In order to obtain more rational designs and more realistic seismic qualifications, without
interfering with the usual tight schedules of production, two main aspects in relation to this
situation are discused in this paper, one of them is that a close relationship should prevails
between the group in charge of developing the FRS and its different users. Both parties should
have a clear understanding of the needs, scope and criteria followed by the generation of FRS
and the use intended for them,

Ancther aspect that has been given great attention in the last years but still requires addi
tional support, is the direct procedure to obtain FRS (without time history  (TH) integration)

and alsc the iInclusion of the variability of the different parameters entering in
the analysis.

This requires a more systematic engineerig approach, compatible with the s tate of the art
and the different production needs and schedules.

2. USE OF FLOOR RESPONSE SPECTRA (FRS)

FRS must he available in three stages, each one different in time schedule and required re
finement . -

In the first stage, the FRS are used mainly for the procurement of equipment items or for
preliminary designs, when only preliminary structural data are available, and supporting details
have been only conceptually outlined and equipment arrangements are still in progress, These
FRS must necessarly be approximate and as a result very cocnservative.

For the second stage the FRS are mainly used for the seismic qualification of components and
equipment, and should represent a more realistic seismic input, with and estimated conservatism
similar to the one accepted feor other structural systems.

With the additicnal information usually available at this stage of the proyect, more refi-
ned FRS can be obtained analitically. In some cases this additional refinementis partially lost
or avoided, when due to the large number of locations where inputs are required, more readily
available enveloping FRS are used for different components, instead of their particular ones.

This introduces an unnecessary conservatism in the component leads. ’

A cost~benefit evaluation of the increased loading on equipment versus, generality and possi
ble extended schedules should be ceonsidered. -

Finally when design or qualification problems arise {and also in some cases of plant reeva-
luation), more precise FRS arewrequired and they must take into account: the "as built" condition
of the equipment, their supporis, and the dynamic interaction with the structural system.

Additional information that should be taken into account, are the uncertainties associated
with the inherent variability of the different parameters entering in the development of FRS.

As the size, complexity, and safety requirements of the prcjsct increases, so do the inter-—
face problems between the many groups of users, generators of FRS, the guality assurance and
licensing staff.

This situation regquires a large organizational effort in order to establisha flowchannel of
comunication between the different groups thatallows an efficient process of implementation.

It is considered very important to establish a mechanism that allows a feed back of infor-
mation from the users to the generators of FRS. Data from equipment response {analytical or ex—
perimental) and hardware or location modifications etc., could be implemented inorder to obtain
more adjusted and realistic FRS.

An automatic procedure through the use of FRS Data Bank in connection to a group in charge
of implementing and improving the FRS, is necessary. A special "FRS reducer" task group can be
very useful for disactivating (it possible) conflicting or badly formed FRS in an efficient
way .

The actualized FRS Data Ban k can be used not only for the prcject in question but also for
generating first stage FRS for other projects. If also could be used as a source of variability
data in link with more general risk studies.

The former groups should have the possibility of close contact with the users group direc-
tly responsible for applying FRS, with a minimum of managerial steps that may add subjective
aspects, whichin turn can tend to enlarge the process or to obscure the technical demands. The
users should have a clear understanding of the scope and conservatism included in the FRS they
receive. The coordination and planning of all these activities can, at the end, benefit the effec
tiveness and econcmy of the whole process. -
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3. FLOOR RESPONSE SPECTRA GENERATION

The ebjectives of the Floor Response Spectra {FRS) is to provide the seismic input that the
components and equipment receive at their supporting points from the structure.

As the number of compenents, is very large, it is impossible to include in the dynamic mo~
dels of the structures all the details of the supporting substructures of the equipment and even
less, of the equipment itself. This situation practically forces the decision to considere a
dynamic un-coupling between the structure and the equipment and in many cases it is technically
justified. Only special cases (as the NSSS).are usually analized coupled with the structure,
the sc called one step analyses. o

In most cases a two step analysis is conducted so that the flcor response TH. of the struc
ture alone 1is introduced directly to the simple oscillator representing a FRS frequency and
damping. In general the response obtained using this input to the equipment is conservative in
relation to a coupled one step analysis. This practice is usually acceptable, but the conserva-
tivism can be excessive in some cases, and of course uneccnomical.

Most of the dynamic models of the structures seismic analysis tend to basically reflect the
global responses of stiffer regions of the buildings. In some specially important regions,addi
tional dynamic degrees of freedom can include local flexibilities in the response. In real buil
dings there are many cther flexible substructures not considered in the main models {such as
slabs, or metallicplatforms) on which a fair amount of equipment is located. In analogous way
the case of secondary component supported on other equipment, can introduce an additional ampli
fication of the rescnance response frequencies of the equipment and the subsystems. Secondary
FRS are sometimes developed for these cases. This situation has contributed to attempt to refi-
ne the two step method, in order to include some coupling effects when developing FRS (primary
or secondary). A reducticn of the energy received by the equipment, taking into account a feed-
back interchange between both systems, is obtained.

This quasi-coupling effect has been handled by considering an equivalent coupled two degrees
of freedom system formed by the oscillator representing the spectrum frequency and the different
individual modes of the structure (1, 10,11, 12, 8).

The coupled response of this 2 d.o.f. systems can take into account the relationship bet
ween the mass of the spectrum oscilator {defined as the mass of the equipment to be excited b;
the FRS) and the effective modal mass of each mode of the structure. In this way reduced FRS
can be obtained. This prccedure can be applied using the conventicnnal time histories (TH}
or by directly using as input the design response spectra, resulting in a considerable reduc—
tion of computational effort.

Outside of the tuned zone between coscillator and structural mode frequency, the results ob-
tained by several proposed procedures are very similar to the TH results. ( ). In the
tuned zone,where the 2. d.o.f. system gives two modal responses with very close frequencies
{beating effect) , the two spectral values can be combined by procedures usually used for combi
ning clase mode responses { 5, 4, 9 ) resulting in similar values as with TH. -

The problem of assigning proper damping values to these close modes can be ireated approxi
mately ( 11, 12 ). A more rigurous treatment is not in consonance with the uncertainity inhE
rent in the damping values of the structure and the equipment. These direct methods have been
used in a similar way( 6, 2 ) using power or Fourier Spectra also with a considerable calcula-
tion effort reduction.

The state of the art of these direct methods is sufficiently evolved, so as to be used in-
current projects,

One aspect of these direct methods that has to be taken into acccunt, is the fact that in
some real cases, the interaction effect betwwen structure-and-subsystem, can locally modify the
modal shases. This may introduce some changes in the results with the aproximate quasi -cne~step
method.

The changes have been compared ( 3 ) in several cases with rigurous coupled systems,
and it has been concluded that this effect, can be significant.

Other aspect that is important is the variability of the different parameters entering in

the development of FRS ( 7 ) this variability depends on the variability of equipment
and structural material properties, geometry, damping, modeling and specially of the seismic
input.

I t appears that to take intc account this variability in the direct methods for generating
! FRS, can yield a considerable reduction of the FRS, and producing more realistics results.
The incorporation of these wvariabilities through a simulation precedure, can be used to obtain
FRS with different probabilities of excedence in order to obtain a more realistic and quanti-
fiable response. One problem that remains,is the source of informaticn to establish the proba-
bility density functions for the different parameters.

In view of the possibilities that the direct methods offer for developing FRS and the results
obtained, we conclude as excessive the preference given to TH methods.

The effort in using TH procedures to develop FRS could be better applied in studing the pa-
rameter variability with the direct methed technique.

Finally it should be pointed out that FRS obtained for different seismic directions acting
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simultaneously, when filtered through the buildings, subsystems and oscillators, produce quasi-
harmonic waves,these combined with the corresponding responses in other directions can for cer
tain phases have higher responses in specific directions. These aspects of phase relations in
the filtered seisms require additional clarification. This additional variation of the input,
reinforces the need to consider more global expressions for the seismic input,such as the site
Response Spectra, Power or Fourier Spectra (2, 6) for FRS development.

4. CONCLUSIONS

It is recommended to organize the whole process of generating and using FRS as an interac-
tive system, with a flexible Data Bank of information, so that it will allow the implementation
and efficient use of improved FRS.

The direct methods for obtaining FRS should be more accepted officially, without having to
gauge them against the apparently rigurous TH methods.

The variability of the different data entering in the development of the FRS should be ta-
ken into account.
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