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1 INTRODUCTION

Over the past decade methods have been developed to probabilistically 
assess how large earthquakes would affect nuclear power plants, 
particularly the associated risk to public health and safety. These 
probabilistic risk assessment (PRA) techniques combine "event trees", 
which describe the postulated accident scenarios (or "initiating 
events") capable of causing core melt, with "fault trees" describing 
the likelihood of equipment failures leading to a reduction in or loss 
of the ability of certain plant systems to perform their designated 
safety functions given that an initiating event occurs. A key element 
in the fault tree analysis is the "fragility" — or likelihood of 
failure — of various components under postulated accident conditions.

Application of these analysis techniques, both in NRC-sponsored 
research such as the Seismic Safety Margins Research Program (Bohn 
1983) and in commercial PRA studies, has indicated that potential 
accidents initiated by large earthquakes are one of the major 
contributors to public risk. However, component fragilities used in 
these analyses are for the most part based on limited data — 
primarily design information and results of component "qualification" 
tests -and engineering judgement. The seismic design of components, 
in turn, is based on code limits and NRC requirements that do not 
reflect the actual capacity of a component to resist failure; 
therefore, the real "seismic margin" between design conditions and 
conditions actually causing failure may be quite large. These 
elements combine to produce fragilities that are not only highly 
uncertain but also, in the view of many experts, are overly 
pessimistic descriptions of the likelihood of failure for many 
components. The observed performance of mechanical and electrical 
equipment in non-nuclear industrial facilities that have experienced 
strong-motion earthquakes tends to support this view. However, this 
same experience has also indicated that although a component may 
itself perform well in an earthquake, poor or inadequate support 
conditions may increase the likelihood of its "failure" in a safety 
sense. This also holds true in certain cases for aging or 
environmental effects, which may require attention if an "adequate" 
description of fragility is to be achieved.

In order to improve the present fragility data base and develop 
realistic input for probabilistic risk assessments and seismic margin 
studies, the NRC commissioned a Component Fragility Research Program
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(CFRP). The CFRP is being conducted in two phases. Phase I comprised 
parallel efforts to (1) develop and demonstrate procedures for testing 
components to obtain new fragilities data, (2) identify by systematic 
ranking those components that most influence plant safety and are 
therefore candidates for NRC testing, and (3) compile and evaluate 
existing fragilities data obtained from various sources. The results 
of these three activities form the basis for a comprehensive 
evaluation of component behavior, based both on available data and on 
new testing, to be performed in Phase II of the program.

The CFRP supports the need for realistic inputs for probabilistic 
risk assessments and margin studies. This research seeks to test the 
hypothesis that electrical and mechanical components have greater 
seismic capacity that is presently assumed in seismic risk 
assessments, and, as a consequence, that the significance of the 
earthquake threat might be diminished in licensing decision making. 
This paper presents an approach to fragility testing which can provide 
the following while remaining within practical constraints on time and 
resources:

1. More realistic component failure probabilities for PRA 
applications. Improved descriptions of component fragility, based on 
actual failure data, will reduce the uncertainty inherent in 
subjective fragilities drawn from design information and results of 
equipment qualification testing.

2. Better understanding of component failure modes, of how various 
individual factors affect failure, and of the real "margin” between 
design or qualification requirements and conditions that might 
actually cause failure. This understanding also provides a basis for 
enhancing the seismic capacity of critical equipment through specific 
hardware modifications.

3. Guidance for development of seismic review procedures for 
existing plants, for interpretation of existing qualification or 
fragility data, and for specification of test procedures of equipment 
for which in-depth testing to ’’failure” is warranted.

Although testing alone cannot remove entirely the subjectivity 
inherent in current descriptions of component fragility, it can, if 
structured properly, improve our ability to more realistically assess 
seismic risk while at the same time contributing to elimination of 
unnecessary licensing delays to respond to seismic issues.

2 DEFINITION OF COMPONENT ’’FRAGILITY”

"Fragility” is a term commonly used to describe the conditions under 
which a component (or, in general, a structure, a piping system, or 
piece of equipment) would be expected to fail. In this paper we 
address seismic fragility, in other words, what levels of seismically 
induced input motion would be required to cause component failure; it 
is important to keep in mind, however, that fragility can in principle 
be defined for any input condition affecting component performance. 
Failure can be characterized as either functional (e.g., erratic 
behavior, failure to perform intended function) or structural, or as 
the exceedance of some predetermined performance criteria (such as a 
limit given in a design code).

One interpretation of component fragility — which we will refer to 
as the ’’fragility level” — evolves from qualification testing. In 
seismic qualification testing, a component is subjected to input 
motion characterized by a specified waveform describing input level
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(seismic acceleration) as a function of frequency. The component is 
"qualified" if it continues to perform its intended function when its 
response to this input motion — the ’’test response spectrum,” or TRS 
— meets or exceeds pre-determined acceptance limits (the ’’required 
response spectrum,” or RRS). In qualification testing, the TRS is 
usually measured at the component support points.

Although it may establish the adequacy of a component for a 
particular seismic environment, a successful qualification test does 
not directly provide data on what input motion levels actually result 
in component failure. This can be (and sometimes is) done by 
retaining the original input spectrum and then increasing the input 
level until ’’failure” (however it is defined) occurs. The TRS at 
failure represents the ’’fragility level” of the component; the 
difference between the fragility level and the qualification level 
thus represents the seismic margin or "ruggedness" of the component.

Fragility is described differently when used for PRA purposes or for 
other types of probabilistic analysis. In this case, the fragility of 
a component represents the probability of its failure — or more 
rigorously speaking, the probability of attaining a defined ’’limit 
state” — conditioned upon the occurrence of some level of forcing or 
response function. It may be expressed in terms of a local response 
parameter (for example, input motion at the component mounting 
location) or can be tied to a more global forcing function such as 
free field peak ground acceleration (PGA). Note however that when 
fragility is anchored to a forcing function, the further removed the 
component is from that forcing function, the more factors there are 
(such as structural response and soil-structure interaction) that must 
be considered in the fragility description.

The probability of failure is typically described by a family of 
’’fragility curves” plotted at various levels of statistical confidence 
(see Fig. 1). The central, or "median" function represents the 
fragility analyst’s best estimate of the "true" fragility of the 
component taking into account all significant factors which, in the 
analyst’s judgement, might contribute to failure. The central point 
(50? probability of failure) on this curve represents the "median 
capacity" of the component; ideally, this probabilistic value would 
correspond with the deterministic "fragility level" of the component. 
The fragility function is a cumulative distribution usually 
characterized by a log-normal function with this median value and a 
logarithmic standard deviation BB which describes the "random" 
variation in the parameters affecting fragility. In a description of 
seismic fragility, for example, this parameter might represent the 
differences in real earthquake ground motion compared to the input 
motion that a component is subjected to in qualification or 
fragilities testing. Note that the random uncertainty controls the 
slope of the fragility function; the less random uncertainty, the 
steeper the fragility function becomes. As random uncertainty is 
reduced towards zero, the fragility "curve" approaches a step function 
with its break point at the fragility level of the component.

The 5% function and 95? function in Fig. 1 represent the "modeling 
uncertainty" in the median fragility function. These bounds, which 
may also be referred to as 5? and 95? confidence limits, are based on 
the assumption that there is uncertainty in the median capacity; this 
uncertainty is characterized by a logarithmic standard deviation B . 
Simply stated, the 95? confidence limit implies the following:

1. There is a 95? subjective probability ("confidence") that the 
"true" fragility function for the component would be equal to or 
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greater than the 95% function.
2. There is only a 5% subjective probability that the actual 

fragility level is less than the median capacity indicated for the 95% 
fragility function.

Modeling uncertainty, often described as "lack of knowledge” about 
the component in question, reflects the adequacy (or inadequacy) of 
information — component damping values, for example — used by the 
fragility analyst to form his judgements about component capacity. 
Thus, modeling uncertainty in fragility descriptions has a subjective 
rather than a "random" basis as is true in the statistical sense.

For any given component, empirically developing a statistically 
meaningful seismic fragility would require that a large population of 
identical components (e.g., several hundred or several thousand) be 
subjected to successively higher levels of acceleration and the 
distribution of failures (however ’’failure” is defined) be recorded as 
a function of acceleration level. Practical constraints on time and 
resources clearly make this infeasible for a single component under 
well-defined load conditions, let alone for the effectively infinite 
combinations and permutations of component type, manufacturer, 
mounting, and loading conditions that could be identified for actual 
nuclear power plants. Therefore, an alternative approach is necessary 
to experimentally gain an insight into fragility.

Our approach to assessing fragility takes advantage of the fact that 
for practical PRA applications, a limited or "lower bound” fragility 
description may be adequate. In a probabilistic analysis, failure 
occurs only when the probability distributions of response and 
fragility overlap; therefore, only the lower tail end of the fragility 
curve may be of interest from a PRA standpoint. For components having 
a high seismic capacity (high ’’ruggedness”), the overlap of the 
response and fragility distributions could conceivably be so small 
under all credible loading conditions as to imply that the probability 
of failure is negligibly low.

One method of developing a ’’lower bound” fragility is to estimate 
the so-called "HCLPF" (for High Confidence, Low Probability of 
Failure) capacity for the component. The HCLPF capacity considers 
both the random and modeling uncertainty in the median capacity. The 
definition of HCLPF used in the CFRP is that adopted by the LLNL 
Seismic Design Margin Program (Budnitz 1985), namely that value of the 
forcing or response function (such as seismic acceleration) for which 
we have ”95% confidence” that the probability of "failure" is less 
than 5 percent. According to this definition, if the median capacity 
of a component is defined by a peak acceleration with value A, the 
corresponding HCLPF capacity (i.e., HCLPF acceleration) is obtained 
from the numerical relationship:

AHCLPF = A exp [-1.65(8A + 8)] (1)

where BA and By represent the random and modeling uncertainties, 
respectively. The median capacity A can be determined by component 
tests, either to actual failure or to some threshold or "cut-off" 
limit. The cut-off might be applied, for example, in testing certain 
components whose actual median capacities were significantly above any 
response levels of regulatory interest.

The HCLPF capacity provides a practical means of addressing 
variations that inevitably arise between actual plant conditions and 
test conditions, variations that might otherwise be difficult to 
parametrically quantify by testing alone. For example, the random 
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uncertainty BB allows for variations in real earthquake motion 
compared to test input motion, variations in building floor response, 
or (e.g., for cabinet-mounted electrical devices) random variations in 
cabinet response. The modeling uncertainty Bu can account for 
variations in real damping values, or in component mounting 
conditions, or in the response of functionally similar components of 
different size or supplied by different manufacturers. These 
uncertainties can be quantified by systematically structuring test 
conditions in the form of "sensitivity studies" to investigating the 
effect of various parameters on the measured median capacity of the 
device tested. This was the basic approach taken in our Phase I 
demonstration tests.

The HCLPF approach has the added advantage that, in the absence of 
complete fragility data, a "lower bound" fragility can still be 
defined for a seismically qualified component by assuming its 
qualification level also represents its HCLPF capacity. Engineering 
Judgement can then be applied to estimate the uncertainty parameters 
and thus make inferences about the median capacity.

Note that because the HCLPF capacity by definition presumes a five 
percent probability of failure, while "qualification" implies no 
failure, this approach tends to be conservative. It may in fact be 
overly conservative if qualification levels are low, as would be the 
case for many plants in the eastern United States. However, HCLPF 
capacities based on "high level" qualification data — from plants in 
the western United States, for example — can provide useful lower 
bound fragilities for plants having relatively low design basis 
earthquakes. The CFRP prioritization report (Holman 1985a) describes 
how we used this approach to infer the actual capacity of selected 
electrical equipment.

In itself, the HCLPF capacity is a useful parameter on which to base 
regulatory decisions concerning seismic performance. However, extreme 
care must be exercised in selecting "reasonable" values of BB and By 
when using a HCLPF capacity derived from qualification data to infer 
the actual capacity or "fragility level" of a component. The reasons 
for this are two-fold:

1. As shown in Fig. 2, the slope of the fragility curve becomes more 
shallow as random uncertainty (BR) increases. Therefore, the 
resultant median capacity on the 95% curve (and, for constant By, the 
inferred fragility level) also increases with increasing random 
uncertainty. As shown in Fig. 3, however, if the fragility level of 
the component is known (e.g., from actual failure tests), then the 
HCLPF capacity derived from the median capacity decreases with 
increasing random uncertainty.

2. Similarly, as modeling uncertainty (By) increases, the offset 
between the 95% fragility function and the 50% function also 
increases, implying an increase in the inferred fragility level. If, 
on the other hand, the fragility level is known, an increase in 
modeling uncertainty drives the HCLPF capacity towards lower (i.e., 
more conservative) values.

The above exercise illustrates how a "bottom-up" approach towards 
estimating median capacity (i.e., inferred from HCLPF capacity) can 
imply that fragility level increases with uncertainty, which is 
clearly non-conservative. This observation suggests that the reverse 
approach — basing HCLPF capacities on measured fragility levels — is 
preferable for assessing seismic performance. For a given fragility 
level, such a "top-down" approach yields lower (i.e., more 
conservative) HCLPF capacities as uncertainty increases.

317



3 GENERAL APPROACH TO FRAGILITIES TESTING

As discussed earlier, resource and time constraints make it 
impractical to develop meaningful fragility descriptions by empirical 
means alone. Even for nominally identical components, variations among 
models and manufacturers, and in mounting and loading conditions imply 
that any fragility estimate will be based in large part on engineering 
judgement. Meaningful fragilities testing can, however, be conducted 
within practical constraints if it focuses on understanding how var­
ious factors influence component behavior rather than on developing 
fragilities explicitly. Such testing would be conducted according to 
the following steps:

1. Identify a representative component or sample of components for 
testing. Such a sample might not necessarily be "generic" in the 
purest statistical sense, but should attempt to include significant 
variations within a given component type (armature- vs reed-type 
relays, for example).

2. Identify failure modes and the relevant forcing or response 
functions. Characterize "failure" (either functional or structural) 
in terms of a suitable parameter that can be measured experimentally.

3. Identify factors or "technical issues" affecting component 
failure; such factors might include, but not necessarily be limited 
to, variations in mounting, input motion, and component damping. 
Design experimental program to parametrically vary those factors 
judged to be important.

4. Perform tests to identify when failure occurs, i.e., component 
median capacity. Such tests might, for example, follow qualification 
procedures (e.g., use of same input spectra) but at elevated input 
motion levels. Alternatively (particularly for "high capacity" 
components), test to a pre-determined level to establish a "lower 
bound" failure threshold.

5. Use test results to empirically estimate median capacity; note 
that this result is equivalent to the deterministic "fragility level" 
generated as a part of some qualification tests. Based on component 
behavior over all conditions considered, develop estimates of random 
variability and modeling uncertainty in the empirically derived median 
capacity.

Although this approach does not remove subjectivity from the process 
of describing component fragility, it does improve the basis on which 
these judgements are made. Furthermore, it can provide an improved 
basis for interpreting data from other sources or for defining test 
conditions if more rigorous testing of a specific component is necess­
ary.

4 FRAGILITY TESTING OF A'MOTOR CONTROL CENTER

To demonstrate our approach to fragilities testing, we performed 
fragility tests on a three-column Westinghouse Five-Star motor control 
center containing 8 Westinghouse motor controllers of various types 
and sizes as well as 14 relays of different types and manufacturers. 
The Five-Star is the current basic model marketed by Westinghouse for 
industrial and power system applications; it is essentially identical 
to the Type W motor control center manufactured by Westinghouse from 
1965 to 1975, various configurations of which are found in many 
nuclear power plants of this vintage. The particular electrical 
devices selected represented a sample of standard MCC devices typical 
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in function of those found in actual plants, but are not necessarily 
generic for all similar devices.

To investigate the effect of base flexibility on the structural 
behavior of the MCC and on the functional behavior of the electrical 
devices, we conducted multiple tests on each of the following four 
mounting configurations:

1. Four bolts per column with top bracing.
2. Four bolts per column with no top bracing.
3. Four bolts per column with internal diagonal bracing.
4. Two bolts per column with no top or internal bracing. This was

the "standard" mounting configuration recommended by the MCC supplier.
We performed a total of 56 test runs, including 43 biaxial random 

motion tests (vertical plus one horizontal axis). Table input motions 
in the random motion tests ranged up to 2.5 g zero period acceleration 
(ZPA), which yielded in-cabinet spectral accelerations up to 20 g and 
higher at the device locations. The desired response spectrum applied 
in each test was characteristic of qualification spectra (i.e., 250? 
of ZPA between 4 Hz and 15 Hz), each test run was about 45 sec in 
duration of which approximately 30 sec was strong motion.

In these tests we investigated both the functional behavior of the 
individual electrical devices — relays and starters — and the 
structural response of the MCC cabinet for various levels of table 
input motion and for four different cabinet mounting configurations. 
Device "fragility” was characterized by contact chatter correlated to 
local in-cabinet response measured at the device location, with 
functional "failure” being defined as the first sign of chatter. 
Among the topics investigated were (1) the relative susceptibility of 
normally-open and normally-closed contacts, (2) the chatter 
susceptibility of energized vs deenergized contacts, and (3) the 
ability of the devices to respond to commanded changes of state during 
strong seismic excitation. Details of the MCC test program are 
provided by our Phase I demonstration test report (Holman 1986b).

We later applied these experimental results to develop probabilistic 
fragility descriptions for each type of electrical device in the MCC, 
referencing fragility to local ZPA at the device location. In 
addition to ’’best estimate" descriptions of device fragility, we 
estimated the random variability and modeling uncertainty to arrive at 
a "high confidence, low probability of failure" (HCLPF) capacity for 
each type of device.

In these tests we also observed the structural behavior of the MCC 
cabinet for various levels of table input motion and for the different 
mounting configurations. Although substantial damage (cracked and 
broken welds) was observed in later tests, the cabinet nevertheless 
withstood some 20 strong motion tests at ZPA levels up to 1.9g before 
any significant damage was observed. In general, the results of our 
demonstration tests suggested the following:

1. In general, two distinct response modes can be identified for the 
MCC cabinet. The first of these, which we refer to as the "frame” 
response, reflects global motion of the MCC structure. Results of 
low-level (0.2g sine-sweep) transmissibility tests indicated that the 
cabinet frame resonance lies between about 3.5 Hz and 12 Hz, depending 
on cabinet mounting configuration. The second mode, typically lying 
between about 14 Hz and 26 Hz, reflects the local response of the 
individual draw-out units (or "buckets”) which house the relays and 
starters. We refer to this as the the "bucket" response; the resonant 
frequency measured for each draw-out unit is referred to as its 
"bucket" resonance.
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2. Contact "chatter" appears to be influenced more by spectral 
acceleration than by ZPA, although the likelihood of chatter will, on 
the whole, increase with ZPA. Device fragilities based on spectral 
accelerations should in principle be "more appropriate" but at the 
same time would be more difficult to apply in a PRA.

3. Chatter appears to be influenced more by low-frequency input 
motion (i.e., less than about 10 Hz) than by high-frequency motion. 
Consequently, the lower-frequency "frame" resonances will affect 
device performance more than higher-frequency local "rattling" of the 
cabinet structure. This observation was further supported by the 
results of supplementary single-axis sinusoidal tests on one armature­
type relay and one motor starter which showed these devices to be most 
sensitive to input motions in the 2.5 Hz to 8 Hz range.

4. Normally-closed contacts were more prone to chatter than 
normally-open contacts. At no time, however, was chatter observed in 
energized contacts regardless of their normal (i.e., deenergized) 
state; consequently, deenergized normally-closed contacts were found 
to be most susceptible to seismically-induced chatter. Furthermore, 
at no time did device chatter affect the ability of the devices to 
respond normally to commanded changes of state; in other words, the 
devices performed as intended even during strong motion.

5. Reed-type relays, which we did not observe to chatter at any time 
during our tests, appear to be more resistant to seismic motion than 
the more conventional armature-type relays.

6. Top bracing of the motor control center can increase the seismic 
capacity of both the MCC structure (by limiting cabinet motion) and 
the internal electrical devices (by increasing the resonant frequency 
of the cabinet frame).

5 DEVELOPMENT OF DEVICE FRAGILITIES

When developing a probabilistic description of fragility, one is faced 
with selecting the best reference parameter to define the fragility as 
well as with quantifying the uncertainty in the chosen parameter. 
Based our data, it appears that the devices tested are most sensitive 
to spectral accelerations in the 2.5 to 8 Hz range. However, most 
fragilities are expressed in terms of ZPA, as in the Fragility 
Handbook (Cover 1983) developed as part of the Seismic Safety Margins 
Research Program, and in commercial PRAs. Zero period acceleration is 
also a convenient parameter commonly computed by equipment 
qualification engineers. For this reason, the initial focus in our 
MCC tests was on ZPA and less on frequency-dependent effects; we 
therefore selected local ZPA as the parameter on which to base 
"single-parameter" fragilities that would be workable in PRA 
applications. Note as well that fragility descriptions incorporating 
frequency effects would be more complex, would require detailed 
information on device structural characteristics and input motion 
frequency content, and would be accordingly more difficult to apply in 
probabilistic risk assessments.

Of the devices tested, sufficient data was collected to develop 
fragility descriptions for the following six:

1. Westinghouse Size 2 full-voltage non-reversing motor starters 
(auxiliary contacts only).

2. Westinghouse Size 2 full-voltage reversing motor starters 
(auxiliary contacts only).
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3. Westinghouse Size 3 full-voltage non-reversing motor starter 
(auxiliary contacts only).

4. General Electric Type CR relays.
5. Westinghouse Type AR relays.
6. Square-D Type X relays.
We based device fragilities on the first sign of chatter in 

normally-closed contacts in their deenergized state. In some runs 
contact chatter was observed at a lower ZPA level that associated with 
no chatter in other runs. In these cases, the lowest ’’chatter’1 level 
and the highest ”no chatter” level were equally weighted and used in a 
regression analysis of the data. All fragilities discussed here are 
described as lognormal distributions, each with a median capacity 
expressed in terms of local ZPA and its random variability and 
modeling uncertainty (BB and By, respectively) expressed as 
logarithmic standard deviations developed from the raw data.

The threshold of chatter for each device at each location and for 
each cabinet mounting configuration tested was used as a data point. 
Most devices were tested at two locations for four cabinet mounting 
configurations, resulting in eight data points. However, some test 
conditions produced no chatter; in these cases, no failure data point 
was defined.

The method chosen to best fit the data to a lognormal distribution 
was to perform a linear regression analysis on the logarithm of ZPA 
versus probability. The best fit of the data and the one standard 
deviation bounds on the best fit were plotted on probability paper for 
each device with the data points ordered in ascending ZPA from 1 to N 
data points. The probability of failure for the first data point was 
taken as 1/N+1, the second as 2/N+1 , and so forth. The data points 
thus represent a cumulative distribution function from 1/N+1 to 
N/N+1. Figure 4 shows a typical set of fragility curves so developed, 
in this case for the Westinghouse Type AR relays tested. In general, 
the median capacity (’’best estimate” curve, 50 percent failure 
probability) ranged from 5.2 to 6.1 g local ZPA with HCLPF capacities 
ranging from 3.2g to 4.3g local ZPA. When considered as a single 
group, these relays have a median estimated capacity of 5.6g and a 
HCLPF capacity of 3.6g. Keep in mind these are local in-cabinet 
levels, not the motion at the cabinet base. Corresponding capacities 
for the starters tested were similar or higher depending on starter 
size. Note that these results assume that input motion is oriented 
with the direction of contact motion; the results of our tests 
indicated that virtually no chatter occurs when the direction of input 
motion is perpendicular to that of contact motion.

6 IMPLICATIONS FOR FUTURE FRAGILITIES TESTING

As noted in the introduction to this paper, resource and time 
constraints make it impractical to explicitly develop probabilistic 
fragility descriptions by empirical means alone. Meaningful yet cost- 
effective fragilities testing can, however, be conducted within these 
constraints if it seeks not to explicitly develop "generic 
fragilities" broadly applicable to wide ranges of components, but 
rather to enhance understanding of how certain components fail 
("failure modes"), what the important factors are that affect 
component performance, and what the relative influence of these 
factors is.
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Testing in the form of "sensitivity studies” provides one method of 
gaining this understanding. In our Phase I demonstration tests, for 
example, we investigated MCC behavior (primarily functionability of 
electrical devices) through a carefully structured series of 
parametric sensitivity tests. The test results provided actual 
seismic capacities of the specific components tested, as well as a 
basis for estimating "single-parameter” fragility descriptions (i.e., 
referenced to local ZPA) including confidence limits and practical 
"lower bound” (i.e., HCLPF) seismic capacities. The tests also 
suggested possible hardware modifications to increase seismic 
capacity, such as top bracing of the cabinet or use of reed- rather 
than armature-type relays. More importantly perhaps, the test results 
suggest that other descriptions of fragility — incorporating 
frequency effects, for example — might be "more appropriate” for 
characterizing component behavior.

The ’’sensitivity study” concept applies to the interpretation of 
existing (e.g., qualification) data as well. For example, as part of 
our Phase I component prioritization activities, we developed 
fragility descriptions for five components based on ’’high-level” 
seismic qualification data (Holman 1986a). Although not true 
"fragility" data, these test results provided useful information on 
component behavior under conditions exceeding any anticipated change 
in peak ground acceleration for plant sites in the eastern United 
States. Here we assumed that the qualification test results 
represented the HCLPF capacity for each. Besides providing a basis 
for developing workable probabilistic fragility descriptions, these 
tests yielded insight into the influence of such parameters as support 
arrangement, cabinet rigidity and mass distribution on seismic 
capacity. In some cases the results of these tests identified 
practical — and often relatively minor — hardware modifications 
which substantially improved the seismic performance of the equipment 
tested.

It is important to recognize, however, that "sensitivity studies" in 
qualification testing often arise out of necessity as equipment is 
modified to meet requirements. The fragility analyst must therefore 
pay careful attention to the specific modifications made, particularly 
when seeking to apply data to similar components.

Clearly, even for functionally identical components, variations 
among manufacturers and models, in size and type, and in mounting and 
loading conditions imply that any fragility estimate — or, for that 
matter, other methods of assessing component performance — will be 
based to a certain extent on engineering judgement. It is important 
that this judgement be supported by as firm a technical basis as 
possible within practical constraints. Testing for "understanding" 
rather than for explicit fragilities would provide the following:

1. Guidance to the fragility analyst as to what should be considered 
in developing a specific fragility description for a specific 
component.

2. An improved basis for interpreting and applying test data 
obtained from other sources. This is particularly valuable, for 
example, using qualification data to assess actual component capacity.

3. An improved basis for defining test conditions if more rigorous 
testing of a specific component is required.

4. Guidance for developing screening techniques for reviewing actual 
plant equipment ("walkdown" techniques) and suggesting modifications 
for enhancing the seismic capacity of critical components.
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We demonstrated through our Phase I tests how these objectives can 
be achieved for a motor control center and its internal devices. 
Testing following this basic approach could be similarly applied to 
develop failure probabilities and improve the seismic performance of 
other types of components.
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Figure 1. Typical curve set representing component fragility.
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Figure 2. Typical 95? fragility function showing how increasing 
random uncertainty affects median capacity derived from a HCLPF value.
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Figure 4. Fragility curves developed for Westinghouse Type AR relay
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