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PREFACE

This report represents one of a series which is to present the
results of a research program that is being conducted to evaluate
methodology of equipment seismic qualification for nuclear plants. The
overall program consists of the following subtasks:

1.1, 1.2, 1.3

1.4
1.5
1.6

1.7

1'8

2.1, 2.2, 2.3

2.4, 2.5

2.6
2.7

3.1
3.2

4.1, 4.2
4.3
4.4

Review methodology, aging, and static loads;
Identify anomalies

Evaluate multiple frequency excitations

Consider combined dynamic environments

Develop in-sityv test criteria

Study procedures for iine mounted items

Publish Task 1 Summary Report

Investigate response level and mul tiple-parameter
correlations

Consider single parameter and damage severity factor
correlations

Develop general correlation method

Publish Task 2 Summary Report

Recommend updating of qualification criteria
Publish Task 3 Summary Report

Compile fragility data
Evaluate and reduce data
Publish Task 4 Summary Report

Specifically, this document constitutes the Task 3 Summary Report.

Other reports previously published under Task 1 are listed as References
1, 2, and 3 on the list given at the end of this report. Work on Task 4
is in progress, and will be reported in the last-indicated summary

report.

vii



1.0 INTRCDUCTION

Qualification of nuclear plant equipment has developed from its
infancy to a complex methodology over the last fifteen years. Most of
this development has been directed toward seismic qualification which
has been governed first by IEEE Standard 344-1971, and later by IEEE
Standard 344-1975. Qualification to seismic and other environments has
been governed by IEEE Standard 323-1974. In addition, a whole series of
other industrial standards and U.S. NRC Regulatory Guides form a
library of governing documents that have evolved along with the
developing methodology.

In order to assess the consistency and adequacy of the
qualification methodology and the standards for implementing it, the NRC
has sponsored several research programs aimed at reviewing the state of
the art, evaluating the current methodclogy, and making recommendations
for improvements in the process. This report presents recommendations
that have been developed under one of these programs.

The results presented herein are based on a research program that
was initiated in June 1981, and has been directed primarily at seismic
qualification of equipment. The program has occurred during the latter
part of several years of deliberation that have been aimed at updating
of IEEE Standard 344-1975. A close communication and participation has
been maintained with the IEEE 344 revision committee efforts.
Furthermore, the results of our prograr have been reviewed periodically
by a Peer Review Oroup consisting of eleven well-known individuals
Selected from a cross-section of organizations that ave engaged in
various phases of the equipment qualification process. As a result, we
feel that a particularly useful iteration of data development and
informe.ion dissemination has been achieved. Thus, the recommendations
given in this report are based on interaction with the IEEE 344 Revision
Committee, personal communications with various engineers engaged in
equipment qualification, and actual experience with equipment
qualification ourselves, in additiom to the results that we have
developed on this research program to date.



For simplicity and directness, the t. .at of this report will be to
present a brief discussion followed by recommendationa associated with
each of a series of technical issues that have been found appropriate
for consideration. More details of the identification and evaluation of
these issues can be obtained from the three previous summary reports
[1,2,3] published under this program, numerous references cited in thoce
reports, as well as three technical papers [4,5,6] that have already
been published to describe the findings. Some technical iasues
discussed are similar, and others different from those identified in a
recent parallel review effort [7]. Herein we will describe each 1ssue
only sufficiently for its identification, so that recommendations for
its disposition can be emphasized. The issues and recommendations have
been grouped into five different categories, depeading on how they may
be implemented. The first four categories include issues for which
enough information has been obtained to allow immediate recommendations.
The priorities of individual issues in these categories are judged to be
more or less equal. The final category involves unresolved !ssues, and
of course must lead to recommendations for extended investigation. This
last category includes the issue of fragility, which is receiving
initial study under Task 4 of the current program, but is of such a
magnitude that it will nevertheless require extended effort.



2.0 STANDARDIZATION OF PROCEDURES/INFORMATION

The historical development of the equipment qualification program
has lead tec a large variety of acceptable procedures and documents
covering its applicability. Due to the complexity of equipment involved
and the evolving requirements, it is often difficult to determine the
relevant documents and/or procedures that apply for a specific hardwere
item. Since vthese procedures already have "Heen accepted it 1is
appropriate to standardize their application so that both the
qualification and review programs can be expedited. We first consider
several issues which fall under such standardization of efforts.

2.1 Equipment List and Standarda
It has been 7nly relatively recently that a more uniform agreement

has been recognized as to just what actual hardware falls under the
category of equipment which must be seismically qualified. Even so,
whether a given device is considered electrical or mechanical is still
often debated, and therefore questions arise as to which regulatory
standards are applicable. Items which are assembled to form an
operating nuclear power plant come in all shapes and sizes. Electronic
and electiical items range, in size, from pieces of wire to assemblies
of relays, instruments, etc., and mechanical items range in size, [rom
small machine screws to vessels weighing more than 100 tons. This
diverse array of equipment recently [1] has been classified into 11
generic groups defined to include all the mechanical and electrical
components which must be qualified in any given nuclear plant, We have
now reduced the list to § generic groups, as shown in Table 2.1, which
are further divided into subgroups according to size ana function. The
items deleted from the original list in Reference [1] were subsequently
considered to be passive structural components, rather than electrical
or mechanical equipment., Thus, the items remaining in Table 2.1 are of
primary concern in this program.

Categorization of equipment as either mechanical or electrical can
be determined by consideration of either the physical characteristics of
the device, or system, or its functicn., Physical characteristics are
appropriate when considering a single device but become clouded for
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TABLE 2.1

Geperic Group

Heat Removal
Systems

Air Conditioning
Systems

System Support
Facilities

Miscellaneous
Components

EQUIPMENT AND COMPONENT CATEGORIZATION

N anar] ”~ q]ibgn: ,p
Heat Exchangers
Emergency Pump Drive Systems

Large Cooling Fans, Motors
and Generators

Air Ducting Devices

Air Conditioning and Filtering
Devices

Cable Trays

Fuel Storage Rack

Snubbers
Fuel Rod Assemblies
Control Rod Drive Mechanisms

Reactor Internal Devices

> o ; ’
£ - Electrical

M - Mechanical

Electronic

(continued)




systems; for example a governor (mechanical) and control panel
(electrical) for a generator set (electrical, mechanical).
Consideration of the primary function of the device or system, which
will most likely include the most probable failure mechanisms, can also
be used to categeorize th2 equipment.

In conjunction with the categorization of equipment it is also
appropriate to develop a 1ist of standards and requirements appropriate
to each group. Reference [1] lists a number of NRC regulatory guides
and industrial standards concerned with the qualification procedure.
When and how to apply tnese documents is often difficult to determine.
This is especially evident in the area of seismic qualification of
mechanical equipment where no document, similar to IEEE-344, exists.
The intent is to define procedures whereby the qualification and review

process can be expedited.

Recommendations
1 A standard equipment list, similar to Table 2.1, should be
adopted. Each piece of equipment requiring qualification
should be placed in one of these categories. Justification of
the selected category should be included in the qualification

documents.

The categorization of equipment should be based ou the primary

function of the device or system.

After an equipment list has been standardized the existing
regulatory guides and industrial standards applicable to each
group should be defined and published as a separate document.
This document 1list should be updated periodically as
additional literature becomes available.

This action should be performed by the NRC with consultation

from members of the industry.

Each piece of equipment requiring qualification must function
efore, during, and after the postulated seismic event. Procedures for
easuring the lity have been established and used in
qualification programs. n the majority of qualification programs

failures do not occur. However, difficulty arises in the definition of




the functional parameters which consitute a "failure™ in the event one
does occur. In most cases qualification testing is performed on devices
Or systems wnich are parts of a much larger system. A3 a result, it is
often difficult to determine at what level a malfunction becomes a
failure. For example a relay may but if the duration of the
chatter does not exceed a certain time, a sclenoid downstream will not
rip. The procedures for developing these acceptance criteria are
available and in wide use.

In most qualification tests the most difficult task is the
measurement of the functional parameters. The test procedures seldom
contain justification of the acceptance criteria levels and therefore
interpretation of the requirements and corresponding modification to the
measurement procedures cannot be made. For example a pressure switch,

with 10% tolerance on set poirts, is to be subjected to fluctuating

pressure during the seismic event. The acceptance criteria is that the
If

switch shall not ter for greater than 2 msec. a change of state
veecurs 1 4 msec during the test a "failure” would be
indicated, ) closer examination it may be found that this
cccurred while ti pressure was within 108 of the set point. If

in

insufficient dat as a "failure"™ would be noted and a device

the functional requirements, would be

with analytical
on material strength
dimension. Often acceptance

criteria are not clearly s he reports reviewed or
detail is provided t t : © evaluate the physical
significance of th o 1C¢ ' S in anal} cal equipment

~11al 1 €49 patrdin
qudasiliilcaction

the acceptance criteria
procedures. This would limit
'

functional requirements.

1A W . P { M £~ .
Snoulc De responsible for a
-




2.3 Respopse Spectrum Margins

Specification of margins added to the RRS (Required Response
Spectrum) are rarely given. This issue is complicated by the fact, that
several individuals in different organizations may contribute to
compound the finpal margin. It would be highly desirable to maintain a
record of the margin accumulated, in order to avoid unnecessary
conservatism, although it is recognized that this would be difficult.
Since the final result is conservative, no modification is required for
the current procedure. However, whether or nct the 10% margin specified
by IEEE 323-1974 has or has not been included in the RRS is also usually
not specified. This leaves an unacceptable ambiguity.

During the development of the RRS to be used in a given test
specification, a complete record should be maintained on all adjustments
or enveloping which adds conservatism to the final RRS. This
information should be included in the test specification. Part of this
process should include the 10% margin specified by IEEE 323-1974. 1In
the event that the latter adjustment is not specifically stated as
having been included in the RRS, then the test organization should
automatically add 10% to the given RRS curve.



3.0 DEMONSTRATION OF ADEQUATE METHODOLOGY

The present program has defined a number of areas where current
procedures and methodology are considered to be adequate.
procedures are recognized by the NRC and the industry in
acceptaole. Additional studies in this program and
research have shown the applicabilit of these procedures.

examples are given here to emphasize their status as acceptable.

Equipment installed in a nuclear power plant is designed to resist

a number of dynamic loading conditions. These include the earthquake

loads, loss-of-coolant accident (LOCA) and safety-relief valve discharge

SRV). The method of combining these locads for linear models is
generally carried out using one of three methods [8]:

T Combine by the Square-Root-Sum-of-Squares (SRSS) Method.

- Combine Absolutely (AS).

3. Combine on a Time-History Basis.

The current program and Kennedy [8] have shown that for statistically

independent signals the SRSS method results in an ) le method of
combination. Figures 3.1-1 and 3.1-2 show the horizontal input response
Spectra and power-spectra for tests performed on an electrical rack
during an earlier task of this program [2]. The earthquake
included excitation from 1 to 33 Hz while energy for an SFV
Relief Valve) discharge was concentrated from 30
spectrum for the individual events were combined
compared to a response spe
found to be favorable.
frequency content with the same results. When
Spectral Density), Figure 3.1-2 the two
corresponding to an SRSS ¢ ) sponse spectrum.

As noted by Kennedy (8] whe 1€ signals are correlated,
method of combination of response spectrum 2an
nonconservative result. ; nis Ce necessary to combine
results on an absolute sum .ime h ory bases. It should also be

noted that the SRSS and AS ¢ ilnation procedures are applicable tc

e
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linear systemsa.

For nonlinear systems it

is necessary to consider a

relatively expensive time history solution.

for
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Analytical approximation of the complex nature of damping in real

icult even when considering uniform damping. The

structures 1is di

values used are often based on low level testing which is usually
conservative, Analysts tend to use these experimentally determined

values as precise numbers without evaluating the sensitivity of the

v

iS5 an

response to a range of damping. Nonuniform damping
124

procedure which attempts to provide a more realistic

¢f the physical structure.
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and boundary conditions. The analysis
nonl inear, depending upon the nature of the structuw being mod

Figure 3.3-1 shows a FEM model of electrical rack used during a
testing phase of this program. ack : ibjected t number of
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important for fatigue and other repeated cycle failure considerations.
When compared to a standard Gaussian distribution, it was found that the
earthquake's distribution was more centrally concentrated with resulting
peak to RMS ratios greater than three. Test signal results (Figure
4.2-4) were similar,

Resolution bandwidth, number of data samples per block (time
interval), statistical degrees of freedom, etc., are all statistical
analysis paraweters that are listed on the various preceding figurea.
These parameters describe the degree of statistical accuracy, i.e.,
variability, that can be expected from a stationmary random process. The
strong motion portion of earthquakes are typically relatively short in
duration. With a resolution bandwidth of about | Hz (a reascnable value
for lightly damped structures), it is apparent that relatively low
numbers of sample averages must be contended with. Nevertheleas, for
each presentation of such data, it is important to state what the
analysis parameters are, so that the apprupriate statistical variation
of the results can be kept in perspective.

Recommendationa

1. The following parameters should be considered when generating
simulations for the strong motion of earthquake signals.

a) Frequency content

b) Stationarity

¢) Coherence (less than 0.3 for ground level motion)
d) Amplitude probability density (Gaussian)

2. A standardized definiticn of the strong motion por“ion of the
earthquake signal should be established in a suitable NRC
Regulatory Guide. The definition on page 21 (or a similar
definition) is appropriate.

3. All presentation of this data should include the statistical
analysis parameters used (resolution bandwidth, data samples
per block, and/or statistical degrees of freedom).

4.3 Lecrslation of Teat Mathodologiea

One of the most difficult problems that has arisen in recent
squipment qualification efforts results from the change in requirements
from the 1571 to the 1975 versions of IEEE 344, The earlier tests were
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relatively simple to conduct (i.e., test types 1-2 in Figure 4.3-1).
However after 1975, multiaxis and broadband tests have become the norm.
The obvious question is, do the earlier tests satisfy the more recent
eriteria? If not, of course, much earlier equipment would need to be
requalified. Work in this program has lead to the dJevelopment of a
method of comparing various test types by means of a vibration
equivalence concept [3]. Typically, equivalences of various types of
vibration waveforms are established on the basis of some form of assumed
failure mechanism. In nuclear plant equipment, a variety of func-lonal
failure mechanisms are possible. Theref~re, for this purpose, the
concept of vibration equivalence was generalized to include an arbitréry
type of failure or malfunction, that can always be established by
measuring excitation conditicns denoted as the fragility levels.

The general procedure for this correlation includes the use of a
fragility function and damage fragility ratio [3]. However, the
procedure outlined herein includes some additional provisions not
included in the original development., The concept is shown briefly in
Figure 4.3-2. In general, the fragility function for dynamic
environments is known to be a surface whose magnitude is given as a
function of frequency and time. At any pair of frequency and time
coordinates the fragility magnitude lies on the surface. The basis of
equivalence requires that the damage fragility ratio, which is the ratio
of an actual given magnitude M(f,t) to that for the fragility
Mp(f,t) at the same coordinates, must be equal for the different
sets of frequency and time coordinates. This is indicated by the
equation in Figure 4.3-2. Thus, different types of test environments
can be compared according to their damage fragility ratios,

Although this procedure for correlation includes the use of a
fragility function and damage fragility ratio, the measurement or
analytical determination of an exact fragility function (which is useful
information for its own sake), probably is not necessary for the purpose
of the test correlation. For that matter, exaot fragility information
on the equipment is very likely not available. Therefore, the procedure
developed includes the establishment of an approximate, but acceptable,
lower bound fragility function, whioch is rormed by the earlier
qualification test excitation conditions. Hopefully, this approach
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allows the correlation to be accomplished. The chances of success
depend very much on the relative severity of the two sets of criteria
being compared. Should this approximate procedure provide negative
results, acquisition of more accurate fragility information would be
necessary to provide a more definite test correlation.

Thus, definition of the approximate fragility function from the
earlier qualification level, and comparison of the newer test levels to
show that they are lower in magnitude, constitutes *he fundamental
approach to test correlation. The earlier qualification level is that
which was previously used to qualify the equipment under evaluation.
This level may have been measured in terms of a magnitude of a sine wave
excitation, a test response spectrum for random excitation, or some
other magnitude parameter, Hence, a variety of parameters or their
combinations may need to be compared. Figure 4.3-1 shows some possible
combinations of types of tests that have been used to qualify equipment
in the past, and may be required at present. In the earlier tests the
following factors may have been used to define the excitation
conditions, and therefore become parameters for fragility measurement:

1) Axis of excitation - single or multiple

2) Magnitude - peak or RMS amplitude, RRS/TRS, or PSD levels

3) Frequency content - narrowband, including sine excitation, or

broadband.

For the conditions that are connected by horizontal lines in Figure
4.3«1, the prccadure for calculating the damage fragility ratio (see
Figure 4.3-2), can be directly applied. This is the case where the
excitation parameters used to derive the fragility function are similar
in nature (with respect to axes and frequency content) to the
qualification requirement parameters. Those connected with left to
right upward sloping lines represent a simplification of the
qualification excitation over the fragility function excitation. The
procedures given in Section 3.0 of Reference (3] can be used to derive
the damage fragility ratio for these cases. The final combination (left
to right downward sloping lines), whose qualification excitations are
more complex than the fragility function evaitation, may require
extrapolation when interaction is found to be important (see Section 4.0
of Reference [3]).
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Table 4.2 provides some more detail concerning the procedure for

determining whether equipment, which was subjected .o a previous
narrowband qualification test, is still qualified under a new broadband
teat specification. This type of comparison is most likely to be
required for comparing older (Pre-1975) to rpewer (Post-1975)
Qualification data. This procedure assumes that a response spectrum or
power spectrum can usually be developed as the parameter for which
comparisons are made.

TABLE 4.2 PROCEDURE FOR CHANGE
FROM NARROWBAND OLD TO BROADBAND NEW QUALIFICATION TEST

1+ Transform the old qualification input to a TRS or a PSD.

2. Make a conservative assumption about the location of the
eritical item or location of maximum response on the
equipment.

3. Obtain transafer functions for that location (may need to
perform in-situ test or analysis).

4, Check if multiple modes are present in energy range of
new RRS,

5. Develop weighting factors for multiple modes from
transformed PSD of new RRS.

6. Calculate interaction correction factor By

7. Caloculate cross-coupling correction factor gy (e,
1/1.2) to allow for potential cross-coupling.

8. Calculate corrected, old TRS and compare with new RRS.

9. Consider demonstration of functionality for previous test
and verify whether excitation frequencies are similarly
applied in new test,

10. Repeat procedure for each axis,
As an example of the proocedure, consider the old teat as having
been performed with the 0.5 g slowly swept asine wave, whose envelope TRS

is shown for 5% damping iu Figure 4.3-<3, At this point it should be
recognized that such consideration of the envelope response spectrum for
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& swept sine test is strictly prohibited by IEEE 344-1975. However, the
reason is that potential interaction of multiple modes is otherwise not
allowed for. Here we will include a correction factor so that potential
interaction is approximately accounted for.

The same data for the previous test is presented for 2% damping in
Figure 4.3-4, where the new broadband test RRS is also shown. At face
value, it would look like the new qualification is still valid since the
RRS falls below the swept sine TRS at 12.5 g. However as mentioned
above, this TRS npust be adjusted for interaction of modes in the
equipment by a correction factor %y and for cross-coupliug by a
correction factor ap. It is assumed that the transfer function
given in Figure 4.3-5 is representative of the location of the critical
item. Two modes, 23 and 38 Hz, are present. Using the amplitude of the
transfer function, 28 and 25 respectively, and the weighting factors,
! and 13/20 respectively, which are obtained from the PSD at the
respective frequencies (Figure 4.3-6), a total correction factor can be
obtainec as:

“l2 (1) 332 (13/20) l1/2

a » 31‘%0

The interaction weighting factors are the relative values of the
PSD at the various frequencies, assuming 1.0 to be the largest value,
"™is approach allows for the use of information about the energy content
of the new test requirements to be included in ocalculating the
interaction factor Gy, The old TRS is then modified by multiplying
by the interaction ocorrection factor @y and the oross-coupling
correction factor Gy, and comparing to the new RRS, as shown in
Figure 4.3-4. Thus, the original TRS envelope of 12.5 g is reduced to
8.5 g, but atill envelopes the new requirement. The item therefore
qualifies under the new requirement if operability is satisfied.

To alleviate some of the oomplexity of this procedure use of a
conservatively assumed valve of the interaction ocorreotion factor
1y (sueh as %y = 0.7) would be very practical, as long as it
appeared valid, and indeed allowed a comparison of the tests to be made.
Such an approach appears to be quite feasible, ard even if it led to an
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indeterminate comparison, it could be supplemented by the more detailed
calculation of a correction factor as ocutlined in Table 4.2. The value
of 1/1.2 for @2 is simply an educated guess at this point. Both
@q and @2 require further developmental work, as will be
discussed in Section 6.0.

The operability statement given in step § includes verifying that
energy is presenu at the same frequencies for a similar time duration
which includes a complete operation cycle in both cases.

Recopmendations

1. Test correlation procedures based on fragility concepts should
be accepted by all concerned as a standard method of comparing
various test procedures.

2, The weighted factor procedure should be used to account for
mul timode response in narrowband test results. The use of an
interaction correction factor of 0.7 may result in a
conservative approximation of modal interaction.

3. Consideration should be made in current test programs to
obtain fragility related information. It is not the intent to
require additional tests for qualification but to provide
necessary information (assumed critical location and failure
mode, appropriate transfer functions, influence of bandwidth
of excitation, etc.) in the event that subsequent
requalification is required.

4, A data bank of qualification and fragility information should
be established for each equipment category listed in Table 2.1
Preliminary information on this will be provided in Task 4 of
this program, and further discussed in Secticn 6.0 below.

4.4 In=Sity Test/Analysis
Equipment located in current operating plants has been qualified by

a variety of procedures meost of which preceded the current criteria.
Review of those procedures reveal that requalification to newer criteria
may be necessary in some cases, and upgrading of equipment to higher
stress levels may be appropriate in others. In either case, loss of the
equipment from the plant or repurchase of equipment for test purposes is
very undesirable, since plant shutdowns or high expenditures for
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additional equipment may be required. The concept of in-situ testing,
whereby a combined in-plant test and subsequent analysis is performed,
appears to be an attractive approach to requalification of such
equipment [5].

The degree of in-situ test and/or analysis required for a
particular component can vary depending on the parameters that describe
the functionality of the component. If structural integrity completely
assures funtionality, the in-situ test data need only be used to verify
natural frequencies and moda. parameters of an analytical model used to
qualify the component. Cn the other hand, a functionally-complicated
piece of electronic equipment located within an enclosure would need to
be retested tc determine its qualification. While purchiése of the
particular component for test purposes may be nominal, the purchase of a
completely assembled enclosure for test would most likely be
prohibitive. For this particular case in-situ measurements would be
necessary to develop the required response spectrum for the particular
equipment lccation. In this manner, subsequent component tests would
probably take into account equipment amplification due to its elevated
mounting within the enclosure. Several other equipment qualification
scenarios are possible depending on the type cof equipment.

Modern modal analysis packages employing microprocessor-based Fast

Fourier Transform (FFT) analyzers are capable of characterizing a

structure by detecting its normal modes of vibration and certain modal
properties, i.e., mass, stiffness, damping, mode shape, and frequency
characteristics. The open literature available on modal analysis test
techniques 1is quite extensive. The primary physical properties
extracted from the modal analysis operation are the structure normal
mode frequencies, mode shapes, and the critical damping ratios. While
several systems can compute the modal mass, it has been the author's
experience chat modal mass cannot be determined accurately due to
influence of closely spaced modes.

In order tc¢ compute the desired transfer functions the modal
participation factors of the system must be found. This requires the
physical mass matrix of the structure and the modal masses. Two
procedures were developed, MASOPT and UMASS, to determine a consistent

set of mass parameters [2,5]. Using these results several analytical




models were developed and compared to experimental results giving
favorable results [2].

A second problem arsa for in-situ testing is a conflict between the
number of nodes used in the model and the number of modes of interest.
In modal testing the trend is to select a high number of structural node
points at which measurements are to be taken in order to accurately
define the normal amode eigenvectors, i.e., mode shapes. The number of
node points to accurately describe a mode shape is highly dependent on
system geometry; however, for a simple cantilever beam it is not
unreasonable to choose four to five points between nodes of the mode.
This being the case the number of nodes required to accurately define
the R'® pmode would be on the order of 5R. If such measurements were
taken, it can be seen by the data given in Figure 4.4-1 that the system
measurements would result in an underdetermined system for the solution
of the nodal mass distribution if less than 11 normal modes were
recorded. With the emphasis in the seismic area to design structures
with a first normal mode rescnance beyond 33 Hz, the number of modes
within the frequency range of interest could be very few. Thus one can
see a conflict in mesurement specification if an overdetermined or
underdetermined system of equations are desired for the specification of
the nodal masses, i.e., the modal participation factors. The UMASS
algorithm can be used for the solution of an undetermined system [2].

Recommendations

1. The use of ip-situ testing can reduce the effort required for

requalification of equipment. The MASOPT AND UMASS procedures
described in Reference [2] have been shown to provide
acceptable results. It is recommended that these procedures
be accepted for use in in-situ qualfication procedures which
include seismic excitations. Any other justifiable procedures
for estimating modal participation factors may also be
considered.

- 8 Procedures using in-situ testing should include some evidence

of verification of the methodology. This need be established

caly once,
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5.0 PROCEDURAL CLARIFICATIONS/MODIFICATIONS

Several technical issues may be considered to be clarifications or
modifications of current procedures utilized in qualification. These
issues do not incur a basic change in philosophy, but may include the
use of some of the new methodologies outlined above for their
implementation. The intent of these modifications ‘s to provide a more

acccurate or refined analysis or test.

5.1 MHaveform Characteristics

Use of correct frequency content in csynthesizing qualification time
histories for both analysis and test has always been recognized as an
important requirement. Furthermore, it has been mentioned that
frequency stationarity 1is another important waveform characteristic.
However, the simple specification that a TRS envelope the RRS has been
shown [2] to be inadequate for assuring the presence of these
characteristics in simulation signals. This inadequacy manifests itself
especially in test results where the amplified region of the TRS, whnich
is an indication of the frequency content present, is often confused by
the presence of unwanted high ZPA's. Thus, the true frequency content
of the time history becomes obscure. Figures 5.1-1 and 5.1-2 give
examples of close and more-typical enveloping for a ground level
simulation. The data presented in Reference [2] indicated that the
frequency content of the TRS in Figure 5.1-2 was inadequate, in spite of
the fact that the TRS enveloping of the RRS was quite conservative.
Furthermore, no specification on frequency staticnarity has been
presented in the past.

Recommendations

P Consideration of the proper frequency content for the strong

motion portion of synthesized waveforms should be demonstrated

and justified. Justification need not be given if correct
frequency content is shown by one of the following methods:

a) Enveloping of the RRS by the TE. within +30% or less at
a.l frequencies, withia the amplified region of the RRS.
(Note that consideration of the frequency range above the
start of the ZPA is handled separately in paragraph 5.4.)
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b) Show that the shape of the real part of the Fourier
Spectrum of the synthesized waveform is frequency
compatible with the amplified region of the RRS.

c) Show that the shape of the PSD of the synthesized
waveform is compatible with the amplified region of the
RRS.

d) These steps shall be performed with each new synthesized
waveform development.

Consideration of the proper frequency stationarity for the

strong motion portion of the synthesized waveform should be

demonstrated and justified. Justification need not be given
if correct frequency stationarity is shown by the following
methods:

a) A time history of the excitation must be recorded and
included in the data.

b) To demonstrate the validity of the synthesis process,
time interval PSD or TRS calculations should be performed
and the results shown to be within accceptable limits for
one typical case. These calculations need be performed
only once and filed to establish the nature of the
synthesis process. They need not be performed for
subsequent tests that are based on the same procedures.

Other waveform characteristics such as coherence and amplitude

probability demsity, or distribution should be considered for

those cases where known to be important.

In all cases where statistical parameters such as PSD,

coherence, etc. are generated, the number of statistical

samples and resolution bandwidth used for the calculations
should be noted.

5.2 Response Spectrum Envelope Accuracy

Typical current practice allows that in developing test excitation

signals,
than one point falls below the RRS, and by no more than 10%. Such
stringent accuracy on the lower side of a tolerance band is unrealistic,

in view of the 1/3 octave resolution bandwidth that is also allowed for

enveloping of the RRS by the TRS can be done so that no more
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a response spectrum calculation. In fact, even at 1/6 octave resolution,
if the center frequencies for calculation of the response spectrum are
shifted, it is possible that the response spectrum for a given time
history can envelope completely for one set of center frequencies, and
not for a slightly shifted set of center frequencies.

Recommendations

Response spectra calculations for testing purposes should be
computed for 1/6 octave or higher resolution.

- & For TRS envelope of the RRS, a point of the TRS may fall below
the RRS by 10% or less, provided that the adjacent 1/6 octave
points are at least equal to the RRS, and the adjacent 1/3
octave points are at least 10§ above the RRS.

. A maximum of 5 of the 1/6 octave analysis points may be below
the RRS, provided that they are least 1 octave apart.

4, Line segments which are used to connect the TRS calculated
points are used only for convenience, and are not considered
as calculated points of the TRS. Thus, whether they fall
above or below the RRS is immaterial.

5.3 Mounting/Shaker Table Interactions

The resonance frequencies of lower bending modes in relatively tall
equipment (such as electrical rackz and cabinets) has been shown to be
very sensitive to mounting and/or inherent shaker table compliance [2].
The usual effect is a reduction of these natural frequencies by as much
as 30%, depending on the amount and nature of the compliance present.
The amount of biaxial or triaxial shaker compliance can be obtained by
perferming resonance searches with horizontal excitation along one axis,
alternately with the other axes free, and then blocked. Figures 5.3-1
and 5.3-2 show examples of where an electrical rack was tested
horizontally on a biaxial table with a free vertical axis. These may be
compared with the data in Figure 4.3-4, where the same conditions
existed, except that the vertical axis was blocked. The lower bending
mode frequency shifted from 23 to 16 Hz because of table compliance in
this case. Such an occurrence may or may not influence the test
results, depending ¢n the nature of the test excitation. In particular,
if significant frequency content is present in the excitation at the
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true resorance frequency but not at the lower frequency, then an
undertest could occur. Furthermore, if the equipment included devices
that containec resonances near the true resonance frequency, then an
undertest could also occur. At the very least, some consideration of
this phenomenon should be included in the test procedure,

Recommendation

Consideration shall be given to potential dynamic interaction

belween Lhe test specimen and the shaker table, and the approach
Justified. The following steps are appropriate.

a) If it is obvious that a given specimen will produce a large
dynamic overturning moment on the shaker table, or if
potential interaction may be expected from experience with
similar specimens, the amount of interaction should be
established by determining the resonance frequency shifts
under free and blocked, off-axis conditions. Performance of a
resonance search in a simulated floor-mounted condition is
also permissible for this purpose.

b) When interaction is shown to be present, broadening of the
response spectrum should be performed in order to account for
the frequency shift error.

c) Details of the entire process should be documented in the test
report. Justification for the nonuse of this procedure in a
specific case should also be recorded.

5.4 Measurement of ZFPA

Test excitation waveforms are typically obscured by the presence of
an undesirable excessive ZPA that is caused by rattling of loose parts
in the table or by nonlinear generation of harmonic frequencies in the
table electrohydraulic system [2]. Usually, these extraneous
excitations occur at frequencies above the typical cutoff frequency (33
Hz) for seismic simulctions. In some cases where ZPA sensitive devices
are present, an erroneocus malfunction may be generated. However,
usually the higher frequency part of the excitation has little effect on
the performance of most equipment, and it still functions correctly.
Neverthe.ess, measurement of the desired ZPA for the test (which occurs
due to frequency content in the amplified region of the RRS) is rendered
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difficult because of the presence of the excessive ZPA. Therefore, the
amplified region ZPA should be measured and considered in whether the

specified ZPA requirements are met.

Recommendation
1. The amplified region ZPA should be used as the basis for

meeting ZPA requirements for a test. It can be measured by
filtering the excitation signal with a high slope filter (24
dB/octave or greater) above the start of the ZPA on the RRS.
2. This procedure is pot to be applied where the rattling of
loose parts occurs within the equipment itself. In this case
the nonlinear generation of higher frequency content is a

genuine part of the test.

5.5 MNoplipearities in Resopance Searches

Some equipment exhibits inherently nonlinear response to
excitation, even when mounting and table interaction problems are not
present [2]. In such cases, shifting of resonance frequencies and/or
increase of damping may occur with increasing excitation amplitude.
Nevertheless, the establishment of some set of equivalent linear dynamic
properties are necessary for some types of qualification procedures.

Recommendation

When significant equipment nonlinearity is evident from resonance
search results, and the use of these data is a requirement in the
qualification process, excitation levels of the resonance search should
be adjusted so that the response levels are as near as practical to what
they will be during the simulated seismic portion (SSE) of the
qualification test, without risking fatigue damage. This will assure
that damping levels and resonance amplification are approximately
appropriate for the SSE excitation levels.

5.6 Nomlinearities in Elevated Responses

Some testing requires the acquisition of response data at elevated
locations on equipment, and subsequent use of the data for generating
excitation criteria for components to be installed at the elevated
locations. Typically, this approach is used in new electrical cabinet
or rack designs when the components are not yet available, and is also
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used in some forms of in-situ testing, where the cabinets or racks
cannct be removed from the plant. An example of such a nonlinearity is
shown in Figures 5.6-1 and 5.6-2. The PSD's for a Run 003 and 005
horizontal excitation [2] are shown in Figures 5.6-1. At 16 Hz, where a
bending mode occurs for the electrical rack from which the data were
taken, the excitation PSD's are different by a factor of 4.5 on power
(2.1 on amplitude). However, the elevated position 5 data, wbich
appears in Figure 5.6-2, shows an amplitude difference factor of 3.4,
Thus, the response ratio increases more than the excitation. Of'ten, the
reverse is true. The important point however, is that the two are
different due to nonlinearities of some unknown origin. Such behavior
is frequently observed in equipment of all types.

Recommendation

When significant equipment nonlinearity is evident from resonance
search data, generation of elevated response information should be
performed with excitation levels corresponding to the maximum response

for the excitation amplitude range considered, without risking fatigue
damage.

5.7 Lipe Mounted Equipment

Current test specifications for line mounted equipment are
primarily based or IEEE Standard 382. It is understood that in service
the equipment will be excited dominantly at the resonance frequencies of
the piping system on which it is to be installed. However, the exact
frequencies at which the resonances will occur are usually uaknown.
Furthermcre. it is desirable to perform a more generic test, rather than
have the equipment gqualified to only one specific installation.
Therefore, the usual test involves the application of a series of sine
beats, with each beat sequence centered at 1/3 octave frequencies from 1
to 33 Hz. The sine beat waveform is intended to simulate a single
dominant mode resonant response to random ground level excitation, and
the beat amplitude is selected as the maximum response amplitude
expected on the pipe location.
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The above test is appropriate conceptually, however recent
research [11] has produced an alternate test approach, which is less
severe than that specified above but still conservative. It is well
known that a ground level type random excitation produces a narrow band
random response at the resonance frequencies of structures. The narrow
band random response is similar to a sine wave at the structural
resonance frequency, but its amplitude fluctuates in a random manpner,
Figure 5.7-2 shows such a response time history to the earthquake
waveform shown in Figure 5.7-1. There are two important aspects of this
type of motion compared to discrete sine beats. First, a narrow band
random test waveform can be generated just as readily in the laboratory,
and it can be swept slowly throughout the frequency range, so that no
frequency spaces are left between 1/3 octave points. Second, the peak
amplitude distribution of the narrowband random waveform is different,
and generally produces less severe tests than does the sine beat.
Figure 5.7-3 shows that the peak amplitude density for a resonant system
response to an earthquake ground motion should be nearly a Rayleigh
distribution. Figure 5.7-4 shows that the same system response to a
narrow band random excitation is also Rayleigh, and that the response
distribution to a sine beat is significantly different. Results from
that study [3] also indicate that the RMS level for a narrow band random
can be set at 70% of the RMS for a sine beat, and produce the same peak
levels of response.

Recommendation

In addition to the present discrete sine beat test specified by
IEEE stancard 382 for line mounted equipment, an alternate swept narrow
band random test should be allowed. The bandwidth should be no greater
than 2 Hz, and the RMS level should be set at 70% of that specified for
sine beat tests. (From Figure 5.7-4 it can be seen that the peak/RMS
ratio for a typical sine beat waveform with 1 beat pause is 2.6.) The
total test time should be set equal tc the aggregate of the total
individual 1/3-octave sine beat dwells that are prescribed in IEEE 382.
The sweep rate should be set so that one sweep up in frequency results.
Actuation of the equipment for functional purposes should be performed
to coincide with any observed resonance conditions, as indicated by an
initial resonance search. Furthermore, if the most conservative
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conditions are desired, multiple functional operations can be made to
coincide with times for large excitation bursts for the narrow band

random motion (e.g., see Figure 5.7-2).

5.8 Resonance Search With Random Excitation

Use of modal analysis equipment along with random or transient
excitation is rapidly increasing in popularity as a method for resonance
search. With appropriate laboratory equipment the hard copy output is
in the form orf magnitude and phase (or real and imaginary) components of
transfe: functions. Use of thesa methods is desirable for many cases,
particu, ~ly for use with laboratory computers where much data can
rapidly be generated. In this manner the methodology is superior to
steady state sinewave methods. However, correct implementation of the
methods requires considerable sophistication and can easily lead to
error for the unwary.

2ecommendation

Resonance searches conducted with random or transient excitation
should be performed with special care. In particular, all data and
computations include statistical philosphy, and therefore the number of
statistical samples in developing such information should be noted.
Likewise, the resolution bandwidth should be such that about four
bandwidths are present f{or the narrowest resonance peak to be resoclved.
Hence the data should be computed with statistical parameters that are

commensurate with the accuracy desired.
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6.0 RECOMMENDED FURTHER STUDIES

In Task ! of the current program an initial survey [1] showed that
a variety of technical issues/anomalies existed in the equipment seiamic
qualification process. Many of these items have been evaluated in the
program and the results of this evaluation have been reported in
References [1] and [2]. Nevertheless, some of the issues remain
uncertain at this point, either because they were considered of lower
priority at the start of the program and subsequently became more
important, or because the issue was not sufficiently defined at the
start of the program. In either case the result at this peint is that
more investigation must be recommended before the issue can be brought
into the categories already described heretofore in this document.
Therefore, this section consists of an identification of such additional
issues, and recommendations on what efforts are yet needed for their
resolution. Relative priorities will be indicated for each item as 1
to 3, from highest to lowest priority, although all three categories are
very important on an absolute basis. Justification of the priority is

also given.

6.1 Extension of Response/Power Spectrum Transformation

In Section 4.1 we described the current state of response/power
spectrum transformations, and recommended their use in several practical
problem areas frequently encountered in seismic qualification of
equipment. Use of this methodology to date has been principally
restricted to seismic excitation, and includes waveforms with peak/RMS
ratios characteristic of the strong motion portion of earthquakes.
Various other types of waveforms are typically employed in qualification
by test, and furthermore, other types of waveforms are experienced by
operational loading of equipment. Therefore, effective application of
this methodology to other practical areas of qualification is highly
probable.

Recommendation

Response,power spectrum transformation methodology should be
studied in more detail to consoli.ate its use for earthquake response
prediction problems, and to determine its potential fcr use in response
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prediction to other types of loading. Two immediate parameters that
enter the transformation should be explored--the time duration of the
assumed stationary motion and the peak/RMS ratio, which inherently is
related to the instantaneous amplitude probability density (or amplitude
distribution). An understanding of their influence on the
transformation is essential tc potential application to nonearthquake
type waveforms. At the same time, an even better understanding of its
limits for use in earthquake problems will also result. This issue is
of Priority 1, since its benefits are of immediate use in many existing
practical problems.

6.2 Cross Coupling Effects

The potential effects of cross coupling in equipment and its
potential influence on the qualification process were recognized at the
start of this program. However, it was originally placed at a lower
priority, since it was assumed that current independent biaxial test
methodology was conservative., However, during the last three years some
factors have developed which have increased the emphasis on this problem
area. Several independent axis triaxial shakers have been built during
this period, and the natural question now emerges, "to what extent are
these systems superior to less than triaxial systems, if indeed they
are, when all factors are considered?" Furthermore, results of the
present programs have shown that the issue enters the qualification
process in more ways than one, and in fact sufficient data is currently
not being acquired to implement the capability of a triaxial shaker for
all practical situations.

Figures 6.2-1 and 6.2-2 show where some difference in response
occur at an elevated location on equipment when simulated triaxial,
rather than biaxial testing is used. This difference occurs, of course,
principally in the frequency vicinity of structural modes which
experience cross-axis coupling. It is the first problem area which
affects qualification, in that the correction methodology for less-than-
triaxial excitation is uncertain. The second problem area results from
the fact that building response to ground motion is also often coupled.
As a result, floor motions (which form the excitation to equipment) are
also coupled, and cross-axis motions become highly coherent, rather than
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incoherent as ground motion is recognized to be. None of the present
guidelines address either of these problem areas.

A summary of the state-of-the-art is shown in Table 6.1. An
important point to recognize is that dynamic cross coupling per se, is
not necessarily important to simulate in a test. It becomes important
only if the motion influences the fragility of the equipment. In any
case, unfortunately no recognized methodology has been defined for
bandling either aspect of the problem.

TABLE 6.1 STATE-OF-THE-ART FOR CROSS COUPLING
IN SEISMIC TESTING

Ye Equipment cross coupling is significant only if it
influences the fragility level
o EFCC - equipment fragility cross coupling
2. Ground level tests without EFCC
© Multiaxis or uniaxis tests with RRS sufficient
3. Ground level tests with EFCC

o Independent triaxial shaker with equipment RRS
provides most direct test

0 Biaxial or uniaxial shakers adequate with corrected
equipment RRS

¢ Nature of equipment RRS correction remains
unspecified

o Estimate of error without equipment RRS correction
remains unsertain

4, Building cross coupling is significant only if it
inflvences the equipment fragility level

o0 No present methodology includes this effect

0 Multiaxis test with coherence dependent on frequency
is indicated

0 Estimate of error in present methodology remains
uncertain

54



Recommendation
Further investigation of the cross coupling problem should be

conducted. It would be most efficient to include the use of the
electrical rack, which has already been studied in Task 1 of this
prugram. A finite element model of the rack is already available, and
in fact preliminary analytical studies have already been coniucted and
resulted in data of the type given in Figures 6.2-1 and 6.2-2. It would
be most informative to alter the characteristics of the racic by adding
additioral off-center masses, so that coupled modes were lowered even
further into the earthquake range. The analytical mode.. should be
modified to include these effects. Then, experiments on the actual
specimen should be conducted for both biaxial and triaxial excitation.
The results should be used to develcp the differences exjected under
each type of excitation, and correction factors appliei to assure
conservatism in all cases. Furthermore, the potential effects of
specimen/shaker table coupling due to table compliance should be
explored in all cases. Also, the consequences of ignoring the high
coherence of couplad floor motions should also be included., If it turns
out to be important, then methodology for its inclusion in qualification
tests should be developed. This issue is considered Priority 2. This
means it can be started somewhat later than the Priority 1 tasks, but it
is imperative that it be accomplished in any long term extended program.

6.3 Eragility
The concept of fragility has been recognized to be potentially

important to equipment qualification by most engineers, yet it has been
put to only cursory use to date. The most probable reason i3 the lack
of any standardized approach to defimnitiorn, acquisition, compilation,
and disemination of fragility data., That is, development of f'ragility
methodology is still essentially in its infancy compared to prcof test
methodology.

A general definition of fragility borrowed from aerospace
developments has been discussed in Reference [3]. In this cee+ the
concept was used as an essential ingredient for comparison o test
severities. In the most general sense, fragility is recognized as a
surface in three-dimensional parametric space, as shown in Figure 6.3-1.
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The coordinates for the space are magnitude, frequency, and time. For
most equipment of concern in nuclear plants, time is not of such
importance for seismic environments, and the surface reduces to a
fragility function in the magnitude/frequency plane. Nevertheless,
fragility also is a statistical distribution as a function of amplitude,
as shown in Figure 6.3-2. The latter description of fragility has been
emphasized for use in risk analysis of plants [12]. However, the
connection between the descriptions in the above twe figures has not yet
been completely established. In particular, use of a single parameter
description such as acceleration amplitude, presumes that frequency
distribution is similar in all cases, or that it is unimportant for that
piece of equipment.

Generally, fragility has been considered in terms of seismic or
dynamic qualification. However, it can similarly be considered
appropriate for otrher environments as well. For example, fragility
could be measured by temperature as magnitude, and time, where frequency
would not not be appropriate. Thus, the magnitude parameter could more
generally be labeled as the stress, or challenge factor of a given
environment. In this general sense, fragility could become a very
useful design tool, by which margins of operations are automatically
established. However, significant research remains to be conducted
before this could be accomplished. Task 4 of the present program allows
an initial attempt at this approach. However, the overall problem is
much too large for the resources available, and extended work will be
necessary.

Recommendation

A general program of research on the potential use of fragility in
equipment qualification should be pursued. This program should include
several approaches.

1, A review of the various aspects of equipment qualification
where fragility is most urgently needed. Potential use of
some existing qualification proof test data for fragility
purposes should be investigated. (Some of this will already
be accomplished under Task 4 of the present program.)
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2. Development of a standardized set of parameters for measure of
fragility that is applicable to all practical uses. For
example, acceleration response spectral amplitude for ground
level frequency content may be appropriate for seismic
qualification.

3. Compilation of a best known set of standardized fragility data
for the generic equipment list previocusly shown in Table 2.1.
An initial attempt at this task has been reported in Reference
[13). However, this approach includes data acquired under a
variety of methodology that must be standardized to ground
level data.

4, Development of methodology for conversion to standardized
ground level data for fragility data that may have been
acquired by other methodology.

5. Conduct of an experimental program for verification of
fragility measured on a selzcted set of equipment specimens.

6. Development of methodology for transfer of standardized
fragility data to specific floor level locations, to allow
prediction of fragility under all practical uses. The
methodology should include format for input to seismic risk
analysis,

7. Recommendations for change of qualification guidelines should
be made to include more general use of the standardized
fragility data and methodology developed.

This task is considered Priority 1 because of its relationship to
test correlations, and for application in risk analyses. It will
require a more fundamental and long term effort, since the state of
development and use of the fragility concept lags all other areas
discussed in this report.

6.4 Ip=3itu Testing/Analysis

As applied to equipment qualification in-situ methodology consists
of two basic parts: (1) acquisition of experimental data and
development of base-fixed analytical models therefrom, and (2)
transformation to moving axes models and prediction of subsequent
seismic response. The essentially new aspects of this methodology
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developed under the present program have been previously described in
Section 4.4, In its present form, the developed approach is the first
known publication in the open literature, and is already useful for
solving typical in-situ qualification problems. However, as with any
new methodology, there are several very desirable improvements which
have become apparent to us in the short time of the methodology
application. These stem first from the relative computational
inefficiency of the UMASS program for highly underdete.,mined (few modes
with many nodal measurements) systems. Likewise, there was no automated
procedure available for checking the quality of measured data of modal
vectors. Fiually, the method has been applied so far to only a few
check cases wher2 accurate indepencently developed analytical models are
available for verification. Thus, several areas exist where the
developed in-situ rest/analysis can be significantly improved by some
extended effort.

Recommen.ations
1, An improved numerical algorithm should be developed to improve

the reliability and reduce the computational effort in the
current digital progran. This can be accomplished by
iacluding the mass smoothing effects into the optimization
approach by merging the present MASOPT and UMASS programs.
Specifically one can form the functional

where Y is a parameter that is a measure of the smoothness of
the mass distribution, v = [0.0, 0.2]. The mass parameters
in this equation are identified in References [2,5].

2. Develop an algorithm for checking the quality of the measured
data in order to weed out poorly defined mode shapes of higher
order. Such modes are known to degrade the results rather

than improve them.
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3. Apply the improved methodology to several typical examples of
equipment where companion analytical models are also developed
by an independent approach. Compare results from both models
to verify the accuracy of the in-situ approach for equipment
having a wide range of physical characteristics.

4, Acquire other existing in-situ test/analysis methodology and
compare predictions to above results.

This task should be considered Priority 2. It can also be started

somewhat later, but is essential to the total program.

6.5 Iest Correlation Correction Factor Limits
Establishment of a lower limit for the test correlation interaction
correction factor @4 is highly desirable., Such a lower limit would
preclude the requirement for establishing transfer function data for a
given specimen. Furthermore, a sound basis is also lacking for
Justifying the cross correlation correction factor az = 1/1.2.
This value has merely been proposed as a best guess from experience.
Reccmmendations
Conduct an analytical investigation to establish a lower limit
for the test correlation correction factors %49 and
aa, Outline details for use of these fators in comparing
various single frequency and multiple frequency test criteria.
This task is Pric.ity 1 as it is of immediate use in resolving
the Task A46 Unresolved Safety Issue.

6.6 Aging and Sypergistic Effects

The effort of this program has been concentrated in the area of
seismic qualification of equipment for nuclear power plants. However,
it has also been recognized that aging can play a role in the fragility
level, and therefore the qualification of specific equipment. An
extensive NRC program at Sandia National Laboratories is in progress to
determine the influence of aging and synergistic (combined radiation and
thermal aging) effects on the performance of equipment. At present
there is no consensus as to the level to which aging can degrade the
functionality of all types of equipment. The resulting influence on the
seismic qualification is not known.
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Aging may also play a role in thc determination of vibration
fragility levels. It must be recognized that most existing fragility
data has been obtained on unaged equipment. On the other hand,
qQualification of equipment has been performed on both aged and unaged
equipment. To establish the - asistent data base of fragility
information described previously, it will be necessary to determine some
quantitative correction factor to account for aging.

Recommendations
1. Results of the NRC program at Sandia Laboratories should be

summarized and the influence of aging on seismic qualification
specifically addressed.
2. Fragility data should be standardized so that they represent
the functionality of equipment in an aged state.
3> Aging and synergistic effects should be categorized according
to the equipment list given in Table 2.1
Present information indicates that the influence of aging on
Seismic qualification may not be as cignificant as other parameters
described above. Furthermore, other ongoing programs are currently
addreasing this problem. Therefore, this task is considered Priority 3
within the context of this program.
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