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6. Miscellaneous Contro)l Instruments (Bistables, Converters, Sensors and
fgnals Monitors)

7. Batteries on Racks

8. Battery Chargers

9. Inverters

10, Electrical Penetration Assemb)ies

11. Valve Operators (Motor and Solenoiu)

The results from the above analyses are discussed in Chapter 2 of this report,
For completeness of the data, the fragility levels of al) equipment classes
(1.e., the previous seven and the current eleven classes) are summarized in
Chapter 3. The methodology used for the fragility analysis was discussed in
depth in Volumes 1 and 2, a summary of which is presented in the following
section.

1.3 FRAGILITY EVALUATION METHODOLOGY

Ex1st1n? test data have been collected from various organizations and the
seismic fragility level has been measured in terms of the test response spectrum
sTRS) corresponding to & defined failure mode. The TRS data have been compiled
or each equipment class to deveiop a uniform data set. A multifrequency,
multiaxis TRS at the 2% damping value has been considered as the standard
reference data set. Appropriate conversion factors have been used for this
purpose to account for the variation of damping values and testing techniques.

Probabilistic fragility estimates have been made for each failure mode.
To this end, the TRS of a test run for a specimen exhibiting a certain
mal function constitutes the basic data. The Zero Period Acceleration (ZPA) and
the Average Spectral Acceleration (ASA) averaged over the 4-16M2 frequency band
of vhe TRS are used as the fragility indicators. For each equipment class, such
single-valued ZPA and ASA data points have been obtained for all the specimens
and for all the fragility level test runs included in the BNL data base. A
lognormal distribution of the data has been assumed. The varfation of ZPA and
ASA values of one specimen for multipie test runs provides the randomness
coefficient (B, ), and the variation within the entire data set of an equipment
for a specific failure mode quantifies the total coefficient of variation of the
population (B8.). The coefficie.t of variation due to variation of the population
(B,) is compuiod from the follewing relationship:

plap?.pt

Ultimately, a probabilistic high confidence (95%2 of a low probability (5%) of
failure (HCLPF) value is determined by use of the fragility parameters, 1.e., the
median fragility value and the randomness and uncertainty coefficients, 1If the
available test data are inaJequate for performing & reliable statistical
analysis, judgment is used to supplement the limited data base and the HCLPF or
the medium value is computed. However, the end results are checked for



bleness For example, the MHCLPF values are kept close to the lowest
sble data 1f there exists sufficient confidence in the pertinent data set
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Table 2-1
TRANSMITTERS

Test Data

ASA @ 2% in "g"

3.2, 4.2, 8.0, 7.0, 6.0,
3.0, 3.0, 4,0

Estimated Fragilit

8.0, 5.0, 17.0, 11.0, 15.0, 13.0, 15.0, 15.0,
o°t 1100. llo‘.
20.0, 11.0, 12.0, 14,0, 11.0, 11.0,
15,0, 16,0, 16.0, 14,0, 18.0,

13,0, 15.0, 11.0, 11

13.0, 14,0

Level Input Data

7PA ASA 6 2% in "g*
.5, 4.5, 9.0, 8.0, 6.5, 9.0, 4.5, 20.C, 13.0, 17,0, 15.0, 17.0, 17.0,
6, 2.7, 4.0 15.0, 17.0, 9.0, 13.0, 10.0, 9.0,

15.0, 17.0, 19.0, 18
15.0, 15.0, 16.0

oo e

Fragilitz Results
i =T P

20.0, 13.0, 10.0, 15.0, 13.0, 13.0,
.0, 15,0, 15.0,

ZPA
l Median 4.9 14.5¢
B, 0.30 0.20
I B, u.10 0.10
HCLPF




above and are listed in Table 2.1. The fragility parameters have been computed
from the estimated fragility level input data and are also shown in Table 2-1.
The median and the HCLPF ASA values are 14,5g and 8.5g, respectively. For the
IPA input data, the computed uncertainty coefficient is very high due to presence
of a few high level data, Therefore, the coefficient has been reduced to 0.30
to determine the HCLPF value of 2.5g.

2.3 INDICATORS

Indicators are panel-mounted instruments and provide a calibration check
for accuracy. The data base consists of results of six (6) test programs for
specimens supplied by four (4) electrical manufacturers. The test programs were
conducted in the period 1975-1983 following the recommendations of 1EEE Std 344-
1975. The capacity levels obtained in the test programs are listed in Table 2-2.
Indicators perform well up to a relatively high vibration level. At high levels,
the specimens indicated shifts in accuracy. Accordingly, many indicators were
redesigned, for example, to provide higher restloring torque. The set point
problem was enkanced by modify‘ng the coil.

Available test data, fragility level input data and the fragility analysis
results are prouvided in Table 2.2. The median and the HCLFF ASA values are
estimated as 16.3y and 9.0g, respectively. Since the ZPA input data base is
insufficient for a statistical analysis, the ZPA fragility parameters have been
estimated.

2.4  SWITCHES

Switches are usually panel-mounted electrical instruments and operate by
changing state on demand. 1he data base consists of results from forty (40)
seismic test programs on specimens supplied by fourteen (14) manufacturers. The
test programs were conducted in the period 1975-1982 and the test data are listed
in Table 2-3. Chatter is the usual mode of failure. For several models the
springs were modified to avoid chatter at low vibration levels. Connection
problems and pressure losses were also observed with 1iquid control switches.
A change in the electrical circuit was; sometimes used to avoid unacceptable
chatter. Switches using mercury as a means of sensing and actuation were not
included in the data base.

The test data, estimated fragility level input data and the fragility
results are presented in Table 2-3. The median and the HCLPF ASA values are
10.7g and 4.7g, respectively. The ZPA fragility results are calculated by using
the same g8 .

2.5  TRANSFORMERS

Transformers with 45-1500 KVA ratings are included in the data base. These
transformers are housed in sheet metal enclosures and mounted directly on the
ground or floor. Results of seven (7) test programs were reviewed to prepare the
data base and are included in Table 2-4. The tests were conducted in the period
1975-83 and on specimens produced by seven (7) manufacturers. Structural failure
of the transformer core/coil and the members supporting the coil was observed
and, subsequently, the coil supports were redesigned for some specimens.

6



Table 2-2
INDICATORS

Test Data

ASA 0 2% fn *g*
[ 12,0, 16.0, 18.0, 10.0, 20.0, 20.0

Estimated Fragility Leve) Input Data
ASA @ 2% in “g*
13,2, 17.6, 15.4, 11.0, 22.0, 22.0

Fragility Results

B, 0.10 0.10
HCLPF 3.0 ‘ 9.0













Table 2-5
BOP 1&4C Panels

Test Data
| ZPA in *g* ASA @ 2% in *g"

3.3, 4,6, 2.0, 1.2, 1.4, . .0. 6,0, 9.0, 5.0, 4.0, 4.0,,
1.3, 1.0, 2.8 .0, 10.0, 3.0, 3.0, 4.0, 2.0,

ZPA in *g* ASA @ 2% in *g*

3.3, 4.6, 2.4, 1.5, 1.6, 4] . 6.0, 9.0, 6.0, 5.0, 5.0,
1.7, 1.3, 2.8 10.0, 4.0, 4.0, 5.0, *,

* The test data of 2.0g ASA has been considered to be substantially lower than
the fragility level and not used for estimation of the fragility results.

Fragility Results

ZPA ASA @ 2%
Median 2.49 6.39
L. 0.30 0.30
B 0.10 0.10
el
i HCLPF 1.3¢ 3.3¢9

11
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The test data, estimated fragility level input data and the fragility
results are presented in Table 2-8. The median values are 5.0g ASA and 2.4g 2PA
and the HCLPF values are 2.9g ASA and 1.4g ZPA.

2.10  INVERTERS

Inverters are used to convert direct current from batteries to alternating
current for operation and control of the plant in the event of loss of other
power sources. The data base consists of resuits of three (3) test programs
conducted on products of three (3) manufacturers in the period 1975-1979. In two
test programs, the specimens were supported only at the base; whereas, both
horizontal and vertical supports were used in the third test program. Structura)
damage was observed requiring modification of the base.

In addition to the above dita, the information presented in the ANCO report
[18] was also evaluated to estimate the fragility levels. The test data,
estimated fragility level input data and the fragility results are presented in
Table 2-9. The medizn values are 5.6g ASA and 3.0g ZPA. The HCLPF values are
3.29 ASA and 1.7g ZPA.

2.11 ELECTRICAL PENETRATION ASSEMBLIES (EPA's)

EPA’s are used to route electrical wiring through penetrations without
losing leak tightness., The data base consists of results from four (4) t~st
programs conducted on specimens from three (3) manufacturers. The EPR1/ANCO data
bese [15] was also studied. Usually, EPA’'s perform weil at reasonable seismic
levels. However, at higher levels, they exhibit loss of header pressure and
structural damage. The junction boxes cantilevering from the header plate can
also suffer structural damage. A substantial variation of the capacity levels
was observed among various products.

A median fragility ASA value of 12.0g was estimated from a study of the
test results., By use of an uncertainty coefficient of 0.3 and a randomness
factor of 0.1, the corresponding HCLPF value is computed as 6.29. The test data,
estimated fragility levels and the fragility results are shown in Table 2-10.

2,12 VALVE OPERATORS

Active valves are automatically or remotely controlled (1.e., ooened or
closed) by use of operators. The operators included in the data base are motor
and solenoid which are controlled by electrical power. Limit or positioning
switches are used to control the stroke. The operator is tynically mounted on
top of the valve which it operates. The valve, in turn, is mounted on the pipe.
The data base consists of results from six (6) test programs on motor operators
and solenoid operators. Typically, the operators are seismically rigid and were
tested with static load and sine dwell/beat motinn, as well as random dynaric
loads sometimes in integral assemblies {including the valves and otner
appurtenances., The test programs were conducted on products from four (4)
manufacturers in the period 1975-83. In addition, a qualitative description of
the performance of other products was obtained through discussions with
test/qualification engineers. The ANCO data base [15) was also evaluated.

15









Table 2-10
ELECTRICAL PENETRATION ASSEMBLIES

Test Data Estimated Fragility Levels
ASA @ 2% in “g" ASA @ 2% in *g*
15.0 16.0
16.0 16.0
15.0 15.0
10.0 10.0
7.7 1.7

Fragility Recults

Median 12,09
[ B, 0.30
B, 0.10

i HCLPF 6.29 I

18




The products of a major motor operator supplier withstood a high seismic
level provided certain modifications are made (e.g., installation of a seismic
bracket). There was indication of extruding of gaskets and loosening of bolts
at lLigher acceleration levels. One major user reported low seismic capacity
levels for another product used in earlier plants (pre-1972).

ks a result of evaluation of the available information, the HCLPF fragility
level is e°stimated as 9.0g ASA provided seismic brackets or similar modifications
recomnended oy i@ manufacturer are implemented. Assuming an uncertainty
coefficient of 0.4 and a randomness factor of 0.1, the corresponding median is
20.5g which is judged to be a conservative but reasonable value. The above
fragility levels are considered high and the overall failure of the valve
assembly may occur at a lower level due to other reasons, such as, structural
deformatisn of the yoke and/or the pipe lines supporting the valve. For smooth
fiow of the lubricant, the motor operators are recommended to be installed in the
vertically upright or slightly slanted positioan.

19



CHAPTER 3
SUMMARY AND CONCLUSIONS

3.1  INTRODUCTION

A summary of the fragility results for all equipment classes studied as
part of the Component Fragility Program is provided in this chapter for
convenience, However, the users are directed to the specific sections of the
reference reports for an understandin? of the respective data bases, such as,
anchorage, natural frequency and applicability of the results to a particular
equipment 1item. The lessons learned in conducting this program and in
interacting with other similar programs (e.g., USI A-46, IPEEE) are discussed in
the conclusion section of this chapter,

3.2  SUMMARY OF FRAGILITY RESULTS

The fragility results of eighteen (18) equipment classec are summarized in
Taole 3-1. The corresponding failure moces are also identified. The following
is a complete 1ist of the equipment classes:

. Motor Control Center (MCC)

. Switchboard

. Panelboard

. DC Power Supply

. Low Voitage Switchgear

. Medium Voltage Switchgear

. NSSS I&C Panels

Transmitters

Indicators

Switches

. Transformers

. BOP 1&C Panels

13, Miscellaneous Control Instruments
(Bistables, Converters, Sensors and Signal Monitors)

14, Batteries on Racks

15. Battery chargers

i6. Inverters

17, Electrical Penetration Assemblies (EPA’s)

18. Valve Operators (Motor and Solenoid)

.
DWW LN D WM -
- - -

PR
B

3.2.1 i ns

The fragility results presented above were based on evaluation of test data
from selected test programs. Therefore, the applicability of these probabilistic
results is limited to the equipment types and models that are representec by the
data base. The limitations of the data base test specimens have been separately
discussed for each equipment class. The users of the fragility results presented
in this report should confirm that their equipment pieces belong to these so-
called “generic® equipment classes (e.g., an MCC should be stiffiy anchored).

20
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