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EQUIPMENT FRAGILITY DATA BASE

ABSTRACT

Part of the effort of the Seismic Safety Margins Research Program (SSMRP)
has been directed at generating a fragility data base for equipment used in
control and safety systems in commercial nuclear power plants. Component
fragility data have been compiled in various forms, depending on their
content, intended use, and level of reduction. The data are stored in a
relational data base on the LLNL CDC 7600 computers; this provides easy
accessibility for LLNL computer users. This report describes the present
structure of the data base and presents its contents through the use of
tables. This report is a revision of an earlier one of the same name and
numbers (NUREG/CR-2680) and (UCRL-53038). Additional data have been included
and the presentation has been revised to enhance its usability.
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EXECUTIVE SUMMARY

This report describes a relational data base, which consists of seismic
fragility descriptions for nuclear power plant equipment and data from which
many of the fragilities were developed. The fragilities stem primarily from
three sources:

1. Design analysis reports from manufacturers of components for the Zion
Nuclear Power Plant.

2. Experimental data obtained from the results of component
manufacturer's qualification tests, failure data testing by
independent laboratories, and data obtained from the U.S. Army Corps
of Engineers SAFEGUARD Subsystem Hardness Assurance Program.

3. The results of an extensive expert opinion survey conducted by the
Seismic Safety Margins Research Program (SSMRP).

The basic data resulting from the expert opinion survey, including 10th,
50th, and 90th percentile estimates of probability of failure for many
categories of equipment and a variety of failure modes are included. Also
included are the results of combining both individual opinions within a
failure mode and various failure modes within categories. The statistical
methods used in making these combinations are discussed.

Since the process of adding to the data base and statistically combining
these data is continuing, the listings of data included represent the status
of the contents of the data base at this report date and may be upgraded by
new data at any time.



1.0 INTRODUCTION

One of the primary objectives of the SSMRP is to develop both a
methodology and mathematical models that realistically predict the probability
of radioactive releases from seismically ind*ced events in nuclear power
plants. The Fragilities Development Project'! was established to help meet
this objective. Research in the project centers on the development of power
plant structure and component fragility in probabilistic terms. A complete
presentation of the sources of data and methodology used by the SSMKP for
fragilities development is included in Ref. 1.

Approximately 50 generic categories of mechanical and electrical
components were originally identified for this purpose. Of this number, 37
were chosen for subsequent fragility development. The fragilities developed
for these categories are based on site-specific data and design reports from
the Zion Nuclear Power Plant, the U.S. Army Corps of Engineers Safeguard
Program, and the results of an extensive expert opinion survey conducted by
the SSMRP. This data base consists of a variety of information, all related

in some way to the development of the fragilities for these categories of
components.

The data base was structured on LLNL's CDC 7600 computers through the use
of the FRAMIS data base management system, and while access to the data is
most conveniently accomplished by using FAMIS, it can also be accompiished
with the tables in this report. FRAMIS is documented in Refs. 2 and 3.

Some of the data have been grouped into tables that were structured for
convenience in the fragility data reduction process. Other tables were
structured simply to allow convenient storage of information. FRAMIS allows
easy regrouping of data into virtually any format that the user may find
useful. This data base is continuing to expand as new data are collected.



2.0 DATA SOURCES

For various reasons, actual fragility data for mechanical and electrical
components are very scarce. Consequently, the SSMRP conducted an extensive
expert opinion survey that yielded probabilistic information for several of
the component categories. In addition, data and design reports from the Zion
Nuclear Power Plant and data from the U.S. Army Corps of Engineers Safeguard
Program were used.

2.1 EXPERT OPINION SOURCES

Approximately 50 generic component categories were identified for
fragility determination. Experts were asked to identify modes of failure and
estimate 10th, 50th, and 90th percentile values for component strength at
failure by these modes as a function of an appropriate fragility parameter
(usually spectral acceleration). Each set of opinion data was evaluated using
several criteria, including source (i.e., manufacturer, test laboratory,
professor, etc.), basis (i.e., test, analysis, etc.), and the expert's own
evaluation of level of his expertise. Weighting factors reflecting the degree
of confidence in the experts' opinions were then applied to each set of
estimates.

Thus, for a particular generic category of component and a particular
failure mode, one set of data consists of one expert opinion of the 10th,
50th, and 90th percentile values of strength at failure and a subjective
weighting factor.

The information obtained in the survey and the results of various levels
of reduction of the data are included in this data base.

2.2 ANALYSIS AND TEST DATA SOURCES

Data and design reports from the Zion Nuclear Power Plant and data from
the U.S. Army Corps of Engineers Safeguard Program were compiled and reduced
for the SSMRP by Structural Mechanics Associates (SMA).4 Selected data from
Ref. 4 are included in this data base. Modifications of these data (as
described in Section 3.2 of this report) are also included.



3.0 DATA ANALYSIS
3.1 EXPERT OPINION ANALYSIS

It was assumed that a single fragility curve of normal or lognormal
distribution can approximately represent each generic component for a
particular failure mode. Since the various sets of expert opinion data could
be based on quite different components (because of size, manufacturing
techniques, design, etc.) within a single generic category, it was necessary
to provide for subgrouping of similar components within a category for each
mode.* For-each failure mode, the model for the gqth percentile estimate
provided by the jth expert in the ith group is:

Xijq = w* Zge * Ti +Eijq »

i=1,...,1,
I

J=1, « ¢ 5 N; .

i? i=1 Ny =N,

1

g = 10, 50, 90 indicating 10th, 50th, and 90th percentile estimates

where
Hy © are the mean and standard deviations to be estimated.

T; is the deviation of qth percentile for ith group from overall
gth percentile (y + ch). The Ti‘s are assumed to be
independent, identically distributed (IID) random variables with
zero mean and standard deviation, o7e

€. is the variation in estimate of qth percentile given by jth

139
expert in ith group. E 's are assumed to be IID random

ijq
variables with zero mean and standard deviation, o -

z is the value of the standardized normal cumulative distribution
function at the gth percentile.

*The statistical analysis methods used were selected and developed for this
application by R. W. Mensing and L. L. George. A more complete presentation
of the methods can be found in Ref. 5.



The parameters to be estimated are u, o, UE and cI as just
defined. We assume the weights assigned to each expert opinion to be Wij
for the jth expert in the ith group.

1. To estimate (u, o), minimize
2
S{u, = - %; Xew = u=-12
SS(us o) %: %: Wi ( ijq M q°)

with respect to (u, o) resuylting in:

>
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2. Estimation of or and of is based on finding unbiased
estimators.

Define the estimators as follows:

SSE= 2 X X Wii(Xijq - 4 -qu)2 >
¢ i3

= 2
SST = 2; z; %: wij(xijq - X )7
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where

ij "iq

X = E: 2: W.. X
..q T3

The expectations for SSE, SST and SSM are then

E[SSM] = o2 2 X W
T

> W?j
E[SST] = 3c§ 1 - z —iw——' .
2
J

2 2
E[SSE] = 3(or, +cg) - 242 é:

2 3 2
Y

Solving Eq. (2) for aé and replacing E[SST] with SST,

22 - SST/3
- > W?j
1 - E _J________
i v

Similarly from Eq. (1):
A2 _ ___ SSM

E
L T,
i

J

Solving Eq. (3) for o% yields



E[SSE] - 3¢ + 268 & L Wi

;

n

Thus, we have two estimates for o%

SSE - 382 + 22 T 3 Wl
T 2 & vy

o7 = (7)
T 30 - T W)
1‘
SSE - 302 + 282 T X Wl
A2 . LS B (8)
A2 -
T 30 - % W)
i

If data for more than one failure mode is available for analysis, the

fragilities of the individual modes are combined to yield the union of these
modes, i.e.,

FrotaL = [1 - (0 - Fp) (1 - Fp)eea (1 - FY) ]

The application of these statistical methods to the expert opinion data
was accomplished through the use of the Fortran program, FRAGSTAT, which is
documented in Ref. 6.

3.2 OTHER ANALYSIS

Reference 4 contains fragilities with lognormal distribution only. For
consistency and comparison purposes, it was desirable to have both normal and
Tognormal data; therefore, a procedure for fitting the lognormal data to
result in a suitable normal distribution was needed. The following criteria
were used:

a. The statistical mean of the normal distribution was assumed to be the
same as the median of the lognormal distributions, i.e. u = m.

b. The standard deviation of the normal distribution was assumed to be



X Xeq = X

.- X50 = %10 _ %50 ~ %10
where
Xgg = the fragility parameter at 50% probability of failure,
X10 = the fragility parameter at 10% probability of failure,
Lgg = the value of the standardized normal cumulative distribution
function at 50th percentile,
Z19 = the value of the standardized normal cumulative distribution

function at 10th percentile.

c. The value of the fragility parameter at 90% probability of failure is
then given by

X90 = Xs0 * (Z59 - Z19) oy
= X50 + 1.28 oN -

3.3 EXAMPLE OF COMBINING DATA

To illustrate the procedure used in combining data from several sources
to develop a single fragility, consider, for example, the category of small
miscellaneous valves (Category 18). There are 15 sets of expert opinion data
for Category 18. (OPNO 132 through OPNO 146 in the data base table OPINION)*
The first 10 sets will suffice to illustrate the procedure. A portion of the
data for these opinions follows:

OPNO  Weight Percentile Estimates Failure Mode
1% 505 90%
132 3.0 10.00 12.00 15.00 Leakage
133 3.0 6.60 7.80 10.80 Internal seat leakage
134 3.0 12.00 15.00 20.00 Gauling of stem
135 1.5 6.00 7.50 8.50 Stem binding
136 3.0 15.00 30.00 50.00 Internal damage
137 1.5 10.50 12.00 14,25 Mechanical binding of the valve
138 3.0 10.00 - 18.00 30.00 Structural failure
139 3.0 12.00 15.00 20.00 Structural fatigue at neck
140 3.0 12.00 18.00 24.00 Top structure of valve
141 3.0 20.00 50.00 100.00 Fracture of valve body

*The data base tables are all listed in Section 6.2.



The fragility parameter for each is spectral acceleration (g).

The failure mode description of the first two sets clearly calls for them
to be grouped together as one mode.

The next four (134-137) are similar in failure mode, each indicating a
functional problem, and in addition 134 and 135 are probably the same failure
mode. Therefore, 134 through 137 will contribute to the same failure but a
further subgrouping of 134 and 135 is indicated.

The last four sets all indicate structural failure, and in addition 139
and 140 are for the same location on the valve. Therefore, 138 through 141
will contribute to the same failure mode and further subgrouping of 139 and
140 is indicated. The following summarizes the grouping to be used:

OPNO Group Subgroup Failure Mode
132 1 1 Leakage

133 1 1 Leakage

134 2 1 Functional Failure
135 2 1 Functional Failure
136 2 2 Functional Failure
137 2 3 Functional Failure
138 3 1 Structural Failure
139 3 2 Structural Failure
140 3 2 Structural Failure
141 3 3 Structural Failure

Applying the analysis described in Section 3.1 leads to the following log-
normal results.

Individual Mode Totatl
oPNO hh g - m 8 ] ]
132 2.1 0.159 10.0 0.329‘1
133 8.2  0.203 8.5  0.339
134 15.3  0.201
135 7.3 0.142 15.9  0.620
136 28.2  0.476
137 12.2  0.120.

138 17.5  0.430
139 15.3  0.201 | 21.6 0.71§J
140 7.3 0.275
141 46.4  0.635

Thus, for this particular grouping of data, a resulting single distribution
for fragility of M = 8.5 g, B = 0.339 is obtained.



Figure 1 shows the results of combining the groupings of expert opinion
data to result in one fragility curve for the functional failure mode. The
influence of the high weight factor assigned to OPNO 136 can be seen in the
tendency of the result toward higher fragility levels.

Figure 2 shows the results of combining the three failure modes to result
in one fragility curve for the category. Here the mode of lowest fragility
dominates the result. This will be true in every case of combining modes
since the result is computed by the union of the individual modes.

Other groupings might be considered than the preceding ones. For
example, leakage might not be considered a failure mode of concern, and in
that case OPNO's 132 and 133 would not be used. Data from sources other than
expert opinion can be included in the groupings by first determining from the
cumulative distribution function the 10th, 50th and 90th percentile values of
spectral acceleration (or appropriate parameter), assigning a weight factor,
and then treating the data in the same manner as expert opinion.

10
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Figure 1. Results of combining groups.
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CUMULATIVE OISTRIBUTION FUNCTION
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4.0 LOAD SCALE FACTORS FOR PIPING ELEMENTS

The development of fragilities for the piping systems at Zion presented a
different kind of problem than other categories of equipment, since fragility
descriptions were needed for virtually every conceivable combination of piping
elements. The approach taken was to avoid developing separate fragilities for
each combination by relating individual pipe element fragilities to a master
pipe element fragility by means of a load scale factor, Fp, defined as

F = Capacity of reference pipe element
P Capacity of pipe element under consideration

These factors were computed for several sizes and schedules of pipe
elements, including straight pipe, butt welds, elbows, miter joints, and
branch connections. The development of the load scale factors is discussed in
detail in Ref. 4. The data base contains the resulting load scale factors
together with the related piping element parameters. They can be found in
this report in tables in Section 6.2.

13



5.0 SUMMARY OF FRAGILITIES

Section 6.0 of this report deals with the details of the data base
structure and content. The results of the various groups of data tend to be
obscurred by the number and details of the individual data sets, and since the
results of the groupings may be the only material of interest to some readers,
they have been extracted and are presented in this section. The following
tables are computer listings produced from the contents of the data base
through the use of the relational capabilities of the FRAMIS data base
manager. Each table represents one category of equipment and each set of
results consists of the lognormal distribution parameters (median and beta),
the failure mode description, associated notes, and group identifier that can
be used to obtain further information from the data base tables presented in
Section 6.2.

14



6.0 DATA BASE DESCRIPTION

In its current structure, the data base consists of 12 tables. Some of
the data have been grouped into tables that were structured for convenience in
the fragility data reduction process. Others were structured to allow
convenient storage of information. The data base was structured on LLNL's CDC
7600 conmputers through the use of the FRAMIS data base management system, and
while access to the data is most conveniently accomplished through FRAMIS, it
can be accomplished with the tables in this report as illustrated below.

6.1 RELATIONAL STRUCTURE

Each of the 12 tables contains not only lists of data, but also entities
that allow relationships to be constructed between tables. For example, many
of the tables contain an appropriate category number along with each set of
data. This allows relationships to be constructed between all of the tables
that contain category numbers. These relationships can be used to build new
tables representing compilations or subsets of the other tables. It is also
possible to relate data from tables that do not contain common entities if an
intermediate table containing an entity common to both is available. For
example, the fragilities in table RESULTS* can be related to the expert
opinions in table OPINION by first relating RESULTS to GRPMODE using entity
RESNQ, then relating GRPMODE to GRPDEF using the entity GRPNO, and finally
relating GRPDEF to OPINION using the entity OPNO. Applying this procedure to
RESOTA (the first entry in table RESULTS) shows that three expert opinions
(and two calculated fragilities) were used in the development of RESOIA. The
10th, 50th, and 90th percentile opinions (along with other information) for
each can be found in table OPINION using the pertinent value of OPNO.
Relational operations such as these are quickly and easily accomplished using
FRAMIS.

*See Section 6.2 for descriptions and contents of individual tables.

15
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CATEGORY: 1.0 REACTOR CORE ASSEMBLY
GROUP MEDTAN BETA FRAG. PARAM. FATLURE MUDE NOTES

GRPO1A 3.916 .708 SP ACCEL G BINDING OF CONTROL RGD3 DUE TO SEISMICAL PREDOMI NANT FREQUENCIES MODE #1, 3HZ;

LY THNDUCED DEFORMATIONS
MODE #2,3 HZ; AND MODE #3,5 HZ.
PRECEMTILES INCLUDE LOGCA.
PWR, ALL MODES.
FUNMCTIUONAL FATLURE
FRAGILITY PAKAMETER ACCELERATIGN
AT CORE SUFPORT ATTACHMENT
TO REACTOR VESSEL.

GRPO1IB 5.646 . 757 SP ACCEL. G DEFORMATION OF GUIDE TUBES DUE TG SEISMI PREDOMINANT FREQUENCIES MGODE #1,3HZ;

C IMPACT OF FUEL BUNDLE
MODE #2,83 HZ; AND MODE #3,5 HZ.
PRECENTILES INCLUDE LGCA.
PWR, ALL MODES.
FUNCTIONAL FAILURE
FRAGIL.ITY PARAMETER ACCELERATIGN
AT CORE SUPPORT ATTACHMENT
TO REACTOR VESSEL.

GRPOI1C 6.693 . 823 SP ACCEL G FAILURE OF CORE SUPPCRT STRUCTURE DUE TGO PREDOMINANT FREQUENCIES MGDE #1,3HZ;

INERTIA LOAD OF FUEL
MODE #2,3 HZ, AND MODE #3,5 HZ.
PRECENTILES INCILUDE LOCA.
PWR, ALL MODES.
FUNCTIONALL FATLURE
FRAGILITY PARAMETER ACCELERATION
AT CORE SUPPORT ATTACHMENT
TO REACTOR VESSEL.

SMAO1 2.746 .369 SP ACCELL G DEFGOR. OF GUIDE TUBES / GUIDE PLATE WELD FREQUENCY 5-15 HZ , 5% DAMPING

SMAOZ 5.989 339 SP ACCEL G CONTROL ROD HOUSING DEFGRMATION FREQUENCY 6 HZ , 5% DAMPING

RESO1A 2.056 . 396 GRPMUDE LISTS GROUPS INCLUDED IN RESO1A
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CATEGORY: 2.1 REACTOR PRESSURE VESSEL

GROUP  MEDIAN  BETA  FRAG. PARAM. FAILURE MODE NOTES
GRPOZA 4.182  .275 SP ACCEL G BUCKLING &F SKIRT ALL MGDES: PREDOMINANT FREQUENCIES,
MARK 11 9-15 HZ,MARK 11} 3-5 HZ.
MARK Il & 111 REFER T6 GE BWR CONTAIN-
MENTS PRESS BOUND FAIL.
ALL MGDES.
GRPO2B 5.430  .289 SP ACCEL G FAILURE 6F SKIRT ANCHGR BOLTS ALL MODES: PREDEMINANT FREQUENCIES,
MARK 11 9-15 HZ,MARK 111 3-5 HZ.
MARK Il & IIl REFER TO GE BWR CONTAIN-
MENTS PRESS BOUND FAIL.
ALL MODES.
GRPOZC 6.462  .325 SP ACCEL G STRESS INTENSITY AT VESSEL SUPPGRT POOL TYPE REACTOR VESSEL (LIQ. SGDIUM)
PREDOMINANT FREQUENCIES, MODE # 1-7 HZ
MODE #2-7.5 Hz
MODES " #3252
PRESS. BOUND FAIL; ALL MODES.
RES02A 3.833 .230 GRPMODE LISTS GREGUPS INCLUDED IN RESO2A
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GRGUP

GRPOZD

GRPOZE

SMAQS

RESO2B

CATEGORY: 2.2

MEDTAN

3.108

5.430

2.000

3.022

BETA

, 361

. 289

. 398

. 333

PRESSURI ZER
FRAG. PARAM. FAILURE MGDE

SP ACCEL. G FAILURE GF SKIRT ANCHGR BOLTS

SP ACCEL G BUCKLING OF SKIRT

SP ACCEL G SUPPGRT SKIRT BOLTING

PRESSURIZER.

EGSHHMGDES PREDOMINANT FREQUENCY,
. Z.

PERCENTILES INCLUDE LOCA.

PRESS, BOUND. FAIL; ALL MODES.

PRESSURI ZER.

BOGTH MODES PREDOMINANT FREQUENCY,

7.0 HZ

PERCENTILES INCLUDE LGCA.
PRESS, BOGUND. FAIL; ALL MGDES.

FREQUENCY 18-22 HZ , 5% DAMPING

GRPMODE LISTS GRGOUPS INCLUDED IN RESO2B
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GRAOUP

GRPO2F

GRPO2G

GRPO2H

GRPOZ21

GRPO2J

SMAO4

RESO2C
RESO2ZD
RESOZE

CATEGORY:
MEDI AN

1.89

4.716

3.896

2.886

8.166

3.287
1.890
4,718
2.445

2.3
BETA

. 339

. 201

. 275

. 422

STEAM GENERATOR

FRAG, PARAM.

SP MOMENTS

FORCES

SP ACCEL

SP ACCEL

SP ACCEL

SP ACCEL

G

FAILURE MCGDE

RUPTURE AT PRIMARY INLET OR GUTLET NozZ2zZL
E, RUPTURE AT FEEDWATER NOZZLE

NOZZLE FAILURE

FAILURE GF STEAM GENERATOR LEG [IMBEDMENT
IN CONTAINMENT FLOOR

FAILURE OF CONNECTION BETWEEN SUPPORT LE
G AND STEAM GEMERATOR BODY

TUBING FAILURE

SUPPORT COL.UMN FAILURE

STEAM GENERATOR. BGTH MGDES:

PREDOMINANT FREQUENCY, 10-15 HZ.
MODE #1 FACTCRS TIME SY (SY FRGM
PRESS. BOUND. FAIL; ALL MODES.

STEAM GENERATOR ALL MOGDES:

PREDOMINANT FREQUENCIES:MODES # 1 10-30
MODES # 2 RIGID

MODES 4# 3 20-100 HZ.

PRESS. BOUND. FAIL; ALL MODES.

STEAM GENERATOR

ALL MODES: PREDGMINANT FREQUENCY 7.5 HZ
ALL MODES: VERTICAL

DIRCCTION ACCELERATION

PRESS. BOUND. FAIL; ALL MGDES.

STEAM GENERATOR

ALL MODES: PREDOMINANT FREQUENCY 7.5 HZ
ALL MADES: VERTICAL

DIRECTION ACCELERATIGON

PRESS. BOUND. FAIL; ALL MOGDES.

STEAM GENERATOR ALL MODES:
PREDOMINANT FRFQUENCIES MODES # 1 10-30
MODES # 2 RIGI

MODES # 3 20- 100 HZ,
PRESS. BOUND. FAIL; ALL MODES.

FREQUENCY 5 HZ , (NSSS SYSTEM) , 5% DAMP
FREQUEMCY 5 HZ , (NSSS SYSTEM) , S5Z DAMP
GRPMODE LISTS GROUPS INCLUDED IN RESO2C
CRPMODE LISTS GROUPS INCLUDED (N RES02D

GRPMODE LISTS GROUPS INCLUDED IN RESOZE
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CATEGURY : 3.0 PRIMARY COGLANT PIPING

CROUP MEDI AN BETA FRAG. PARAM. FAITLURE MGDE NOTES
CRPO3A 202.3%50 ,406 MOGM FT-KIP RUPTURE AT CONNECTIONS TGO COMPOMENTS DUE MASTER PIPING CURVE
TG COMPOMENT SUPPORT FAITLURE
RESO3A 201,000 . 406 CRPMOGDE LISTS GROUPS INCLUDED IN RESO3A
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CATEGORY: 7.0 LARGE VERTICAL STORAGE VESSELS WITH FORMED HEADS

GRCUP MEDIAN BETA FRAG. PARAM. FAILURE MODE NOTES

GRPO7A 1.650 .445 SP ACCEL 6 RUPTURE OF ANCHOR BOLTS ALL MODES: PREDOMINANT FREQUENCY 4-10 HZ
GRPO7B 2.467 536 SP ACCEL G BUCKLING OF SUPPORT SKIRT OR LEGS PREDGM. FREQ. 4-10 H2Z

SMAOG 21.977 .407 SP ACCEL G SUPPORT SKIRT COLILAPSE FREQUENCY 20.7 HZ , 5% DAMPING

SMA07 7.925 .519 SP ACCEL G PLASTIC BUCKLING ©F SHELL FREQUENCY 6.3 HZ , S% DAMPING

RESO7A 1.458 . 399 GRPMODE LISTS GROUPS INCLUDED IN RESO7A
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PAGE

CATEGUORY @ 8.0 LARGE VERTICAL STORAGE TANKS WITH FLAT BGTTOMS

GROUP MEDIAN BETA FRAG. PARAM. FAILURE MGDE NOTES

GRPOSA 2.079 . 275 SP ACCEL 6 RUPTURE UOF ANCHOR BOLTS ALL MODES: PREDOMINANT FREQUENCY 3-8 HZ.
GRPOGB 3.254 .319 SP ACCEL G BUCKLING OGF TANK WALL ALL MODES: PREDOMINANT FREQUENCY 3-8 HZ.
GRPOSC 5.312 . 305 SP ACCEL G TENSILE RUPTURE OF TANK WALL ALL MODES: PREDOMINANT FREQUENCY 3-8 H2Z.
SMAO8 . 828 .389 PK GD AC G BUCKLING OF TANK WALLS AT BASE RIGID TANK + SLOSH

SMAO9 3.597 .436 PK GD AC-€ BENDING OF VERTICAL STIFFNER RIGID TANK + SLOSH

RESO8A 2.013 . 254 GRPMODE LISTS GROUPS INCLUDED IN RESOS8A
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GROUP

GRPOSA

RESOSA

PAGE

CATEGURY: 9.0 LARGE HGRIZOGNTAL VESSELS

MEDIAN BETA FRAG. PARAM. FATLURE MODE NGTES
3.912 .609 FLOOR AC G SUPPGORT SYSTEM FAILURE (BOLTS) PREDGMINANT FREQUENCY: 12 T& 20 HZ.
DIESEL FUEL TANK.
3.910 . 609 GRPMODE LISTS GROUPS INCLUDED IN RESO9A
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CATEGORY: 10.0 SMALL-MEDIUM VESSELS AND HEAT EXCHANGERS
GROUP MEDTAN BETA FRAG. PARAM. FATLURE MODE NOTES

GRP10A 2.079 .275 ACCEL G RUPTURE OF ANCHOR BOLTS BOTH MGDES: PREDOMINANT FREQUENCY 15-30
HORI ZOMNTAL TANK AND HEAT EXCHANGERS.

GRP10B 12.769 .359 ACCEL G STRUCTURAL FAILURE PREDOMINANT FREQUENCY: GREATER THEN 20 H
SMALL VESSELS.

GRP10C 2.599 .452 ACCEL © SUPPORT FAILURE BOTH MOGDES: PREDOMINANT FREQUENCY 15-30
HORIZONTAL TANK AND HEAT EXCHANGERS,

SMA10 7.92% .599 SP ACCEL G SUPPGRT FAILURE FREQUENCY 6.9 HZ , 5% DAMPING
SMAT1 7.171 .516 PK ACCEL G SUPPORT LEG FAILURE FREQUENCY 12.8 HZ , 5% DAMPING
RES10A 1.841 . 275 GRPMODE LISTS GRGUPS INCLUDED IN RES10A
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CATEGORY: 11.0 BURIED PIPE

GROUP MEDI AN BETA FRAG. PARAM. FAILURE MODE NOTES

SMA12 1.389 .601 PK GD AC G BUCKLING AND FRACTURE ZION BURIED PIPE

SMA13 1.399 .601 PK 80 AC G BUCKLING AND FRACTURE ZION BURIED PIPE

RES11A 201.000 . 4086 GRPMODE LISTS GROUPS INCLUDED IN RES11A
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GROUP

GRP12A

GRP12B

SMA14
RES12A

CATEGORY :

12.0

MEDIAN BETA

3,557

5.847

3.287
2,640

. 401

. 406

. 440
. 336

REACTOR COGILANT PUMP
FRAG. PARAM. FAILURE MGDE

SP ACCEL G FAILURE OF CONNECTIGN TO SUPPORT LEGS

SP ACCEL. G BUCKLING OF SUPPORT LEG

SP ACCEL. G SUPPORT COLUMN BGLTING

BOTH MUDES, PREDOMINANT FREQUENCIES: 4.5
PERCENTILES INCLUDE LOCA.

BOTH MODES, PREDOMINANT FREQUENCIES: 4.5
PERCENTILES INCLUDE LOCA.
FREQUENCY S HZ , (NSSS SYSTEM) , 5% DAMP

FREQUENCY S HZ , (NSSS SYSTEM) , 5% DAMP
GRPMODE LISTS GROUPS INCLUDED IN RES12A
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GROUP

GRP13A

GRP13B

SMA1S

RES13A

CATEGORY: 13.0

MEDI AN

BETA

. 275

. 159

. 342

. 269

LARGE VERTICAL CENTRIFUGAL PUMPS WITH MGTGR DRIVE
FRAG. PARAM. FATLURE MODE

SP ACCEL G RUPTURE OF CONNECTIONS TG SUPPORT STRUTS

SP ACCEL G TENSILE FAILURE GF SUPPORT STRUTS

SP ACCEL G BENDING OF PUMP CASING

PAGE

PREDOMINANT FREQUENCY 4.5 HZ. ALL MODES.

PREDOMINANT FREQUENCY 4.5 HZ. ALL MGDES,

FREQUENCY 7 HZ , 5% DAMPING

GRPMODE LISTS GROUPS INCLUDED IN RES13A
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CATEGORY: 14.0 LARGE VERTICAL PUMPS
GROUP MEDIAN BETA FRAG. PARAM. FAILURE MODE NGTES

GRP14A 2.289 .417 SP ACCEL G RUPTURE OF ANCHGOR BOLTS DUE TO LARGE MOM BOTH MODES: PREDOMINANT FREQUENCY, 3HZ.
ENTS FROM VERTICAL INTAKE COLUMN
PERCENTILE 90 IS TENTATIVE

GRP14R 4.877 .417 SP ACCEL G RUPTURE OF VERTICAL INTAKE COLUMN BOTH MODES: PREDGOMINANT FREQUENCY, 3HZ.
PERCENTILE 90 1S TENTATIVE
RES14A 2.207 . 387 GRPMODE LISTS GROUPS INCLUDED IN RES14A
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GROUP

SMA16

SMA17

SMA18

SMA19

SMAZ20

SMAZ21

SMA22

RES15A
RES158

CATEGGORY: 15.0
MEDIAN

32.

. 190

. 703

. 8665

171

. 646

460

4.315
3.185

BETA

. 338

. 419

. 278

. 318

. 304

. 408

. 340
. 337

MOTOR DRIVEN COMPRESSORS AND PUMPS

FRAG. PARAM.

ACCEL

ACCEL

Z PRD

Z PRD

Z PRD

Z PRD

Z PRD

G

G

AC

AC

AC

AC

AC

FATLURE MODE

IMPELLER DEFLECTIGN

MOUNTING BOLT FAILURE

FLANGE BENDING

SHAFT BENDING

THRUST BEARING FAILURE

SHAFT DEFLECTION

GENERIC FUNCTION

MOTES

FREQUENCY
FREQUENCY

FREQUENCY
FREQUENCY

ZIGN SAFETY

ZION SAFETY

ZION CENTR.

ZION CENTR.

PAGE

7 HZ , 5% DAMPING
7 HZ , S% DAMPING

7 HZ , 5% DAMPING
7 HZ , 5% DAMPING

INJECTIGN PUMP , RIGID

INJECTION PUMP, RIGID

CHARGING PUMP, RIGID

CHARGING PUMP, RIGID

GENERIC PUMPS & COMPR., RIGID

GRPMODE LISTS GROUPS INCLUDED IN RES15A
GRPMODE LISTS GROUPS INCLUDED IN RES15B
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GROUP

GRP1GA

GRP1GE

GRP16C

GRP16D

GRP166G

GRP16H

SMAZ3

SMAz24

SMAZS

RES16A
RES16B

CATESORY !

MEDITAN

10.6

it

10.

43,

. 308

. 606

190

. 029

o
&)
o]

816

4.829
7.606

16.0
BETA

. 257

. 358

. 476

. 646

317

LARGE MUTOR OPERATED VALVES (
PARAM.

FRAG.

SP

SP

SP

PK

PK

PK

SP

Z PD PK AC

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

> 4IN.)
FATLURE MODE

BREAKS AT WELD ENDS

RUPTURE OF PIPE SUPPGRT AT NOZZLE
LOSS OF CONTROL AIR

ELECTRICAL FAILURE IN ACTUATGR

FRACTURE OF VAILVE ACTU’TOGR TGP CEBVER AT
CONNECTION TO VALVE BODY

F
SIVE PLASTIC DEFUORMATION

EISTORTIGN OF EXTENDED OPERATOR

OlL RESERVOIR HOLLD DOWN BOLTS

GENERIC FUNCTIGN

?ILURE OF SPRING MECHANISM DUE TG EXCES

STRUCTUR

PREDOMINANT FREQUENCY :

MODE #1, 10-20 HZ.
MODE #2, 30-50 HZ.
MODE #3, 30-50HZ.
ALL MODES: PREDGMINANT

FREQUEMCIES 2-10 HZ.

BUTTERFLY VALVE PREDGMINANT FREQUENCY:
RIGID.

ALL MODES. PREDOMINANT FREQUENCY RIGID.
BALL VALVE WITH ACTUATGR AND
LOGIC CABINET

PREDOMINANT FREQUENCY:

MODE #1 VALVE ACTUATGR 27.7 HZ.
MODE " SPRING MECHANISM 10-12 HZ.
RUGGLES KLINGEMAN TRIP VALVE.
PREDOMINANT FREQUENCY:

MODE #1 VALVE ACTUATGR 27.7 HZ.
MODE " SPRINMG MECHANISM 10-12 HZ.
RUGGBLES KILINGEMAN TRIP VALVE.
RIGID

RIGID

RIGID

RIGID

GRPMODE
GRPMODE

LISTS GRGOUPS
ILISTS GROUPS

INCLUDED
INCLUDED

IN RES16A
IN RES16B
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GROUP

GRP17C

GRP17D

SMA26

RES17A

CATEGORY :

17.0

MEDIAN BETA

8.917

12.654

47 . 465

. 130

. 474

. 130

LARGE REILLIEF AND CHECK VALVES ( > 4IN.)
FRAG., PARAM. FAILURE MGDE

SP ACCEL G DISC BECOMES DISENGAGED

SP ACCEL G DISC BECGMES BOGUND

SP ACCEL G GENERIC FUNCTIGN

PREDGMINANT FREQUENCIES

BOTH MODES: RIGID

PREDOMINANT FREQUENCIES

BOTH MODTZS: RIGID

RIGID
RIGID
GRPMODE LI1STS GROUPS

INCLUDED

IN RES17A
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GROUP

GRP18B

GRP18C

RES18A

CATEGORY:

MEDIAN

15.959

21.563

12.466

18.0 SMALL MISCELLANEGUS VALVES (

BETA  FRAG. PARAM. ~ FAILURE MODE
.620 SP ACCEL G INTERNAL DAMAGE
.714 SP ACELL G STRUCTURAL FATIGUE
.544

PREDOMINANT FREQUENCIES ARE 20-30 HZ.
DAMPING IS 5%

PREDOMINANT FREQUENCIES ARE 20-30 Hz.
DAMPING 1S 5%
GRPMODE LISTS GROUPS INCLUDED IN RES18A
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HORT ZGNTAL
FRAG. PARAM.

ACCEL G

ACCEL G

MOTORS
FAILURE MODE

BINDING OF ROTATING PARTS

RUPTURE OF ANCHOR BOLTS

PREDOMINANT FREQUENCIES ARE
> 33 HZ.

PREDOMINANT FREQUENCIES ARE
> 33 HZ.

GRPMODE LISTS GROUPS INCLUDED

IN RES19A
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GROUP

GRP20OA

GRPZ0OB

GRPZ20OC

GRPZ0OD

SMAZ28

SMA3O

SMA31

RESZ0A

CATEGORY :
BETA

MEDI AN

10.

. 948

. 948

. 931

. 960

. 938

. 651

20.

. 441

441

. 476

. 354

. 330

GENERATORS
PARAM.

FRAG.

SP

SP

SP

SP

SP

SP

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

FAITLURE MODE

CONTRGOL FAILURE

OlL LEVEL REGULATGR

ANCHOR BOLT FAILURE

CRANKSHAFT LGCK UP

RELAY CHATTER

FATLED RELAY

VALVE TRIP

STRUCTURAL

PREDOMINANT RESPONSE

1ST MJDE 7.0 TGO 20.6
2ND MODE 8.3 TO 13.8
DIESEL GENERATORS.

PREDOMIMANT RESPOGNSE
18T MODE 7.0 TG 20.6

2ND MODE 8.3 7O 13.8
DIESEL GENERATORS.

PREDOMIMANT RESPONSE
DIESEL GENERATORS.

PREDOMINANT RESPONSE
DIESEL GENERATORS.

FREQUENCY 30 HZ , 5%
FREQUENCY 11 HZ , 5%

FREQUENCY 22 HZ , 5%

RIGID

GRPMODE |LLISTS GRGUPS

FREQUENCIES:

HZ.
HZ.

FREQUENCIES:

HZ.,
HZ.,

FREQUENCIES:

15 HZ.

FREQUENCIES:

15 HZ.

DAMP I NG

DAMP I NG

DAMPING

INCLUDED IN RES20A
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GROUP

GRP21A

GRPZIB

SMA33

RESZ21A

CATEGUORY :

MEDIAN

20.

17.

Ut

. 289

801

116

BETA

417

21.0 BATTERIES

FRAG. PARAM.

ACCELL G

ACCEL G

SP ACCEL G

SP ACCEL G

FAILURE MGDE

FAILURE OF BATTENS

CASE BREAKAGE DUE TO A BAD STAND

ANCHOR BOLTS

CASE CRACKING & PLATE FAILURE

PREDOMINANT FREQUENCY
BATTERY RACKS

IS >25 HZ.

PREDCMINANT FREQUENCY >15 HZ.
DC POWER BATTERIES.

FREQUENCY 8 HZ , 5% DAMPING

FREQUENCY 8 HZ , 5% DAMPING

GRPMODE LI1STS GROUPS [INCLUDED IN RES21A
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GROUP

GRPZ22A

SMA34

SMA3S

SMA36

RES22A

CATEGORY :

MEDT AN

. 330

. 583

BETA

. 486

. 818

. 881

. 486

22.0 SWITCHGEAR

FRAG. PARAM.

SP ACCEL G

SP ACCEL G

SP ACCEL G

SP ACCEL G

FAILURE MODE

SPURIGUS OPERATION GF A PROGTECTIVE RELAY

RELAY CHATTER

BREAKER TRIP

STRUCTURAL

FREQUENCIES:

SIDE TO SIDE = 6-11 HZ.

FRONT TO BACK = 16-20 HZ.
VERTICAL = >30 HZ.

26" WIDE METALCLAD SWITCHGEAR.

FREQUENCY 5-10 HZ , 5% DAMPING

FREQUENCY S5-10 HZ , 5% DAMPING

FREQUENCY 5-10 HZ , S% DAMPING

GRPMGDE LISTS GRGUPS INCLUDED

IN RES22A
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GROUP

GRPZ3A

GRP23B

GRP23C

SMA37

RESZ23A

CATEGUORY: 23,
MEDITAN

. 660

. 526

. 108

. 330

. 780

BETA

.503

. 680

. 351

0

DRY TRANSFORMERS

FRAG. PARAM.

SP ACCEL G

SP ACCEL G

SP ACCEL G

SP ACCEL G

FAILURE MODE

[NTERNAL. STRUCTURAL FAILURE, SHORT OF EL
ECTRICAL COGNNECTIGN

FAILURE OF SUPPORT FRAME

RUPTURE OF ANCHOR BOLTS

STRUCTURAL

FRAGILITY PARAMETER AT FLOOR

TO TRANSFORMER INTERFACE
PREDOMINANT FREQUENCIES:

COGLER UNIT: 7.5, 7.7 HZ,
[NTERNAL STRUCTURE: 7.2, 7.6 HZ.
HV PORCEILAIN: 8.1, 10.8 HZ.
PREDOMINANT FREQUENCY FOR ALL

MODES: >10 HZ.

PREDOMINANT FREQUENCY FOR ALL
MODES: >10 HZ.

FREQUENCY 5-10 HZ , 5% DAMPING

GRPMODE LISTS GROUPS INCLUDED IN RES23A
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GROUP

GRPZ24A

SMA38

SMA39

SMA40

RES24A

CATEGORY :

MEDIAN

N

. 748

. 945

. 822

. 238

24.0 AIR HANDLING UNITS

BETA

. 360

. 410

. 416

.424

. 3387

FRAG. PARAM.

FLOOR AC G

SP ACCEL G

SP ACCEL G

SP ACCEL G

FAILURE MODE

STRUCTURAL FAILURE

RUBBING OF FAN ON HOUSING
RUBBING OF MUTGR ROTGR OGN HOUSING

GEMERIC FUNCTION

PREDOMINANT RESPGONSE FREQUENCY
IS 21 HZ. HVAC FANS.

FREQUENCY 4.3 HZ , 5% DAMPING

FREQUENCY 4,3 HZ , SX% DAMPING

FREQUENCY 10-30 HZ , 5% DAMPING
FREQUENCY 10-30 HZ , 5% DAMPING

GRPMODE LISTS GROUPS INCLUDED IN RESZ24A
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GROUP

GRPZEA

GRP26B

SMA41

SMA42

SMA43

RESZ6A

CATEGORY: 26.0
MEDIAN

18.

.079

. 933

. 588

. 583

174

151

BETA

. 383

. 881

. 759

INSTRUMENT
FRAG. PARAM.

ACCEL 13

ACCEL G

SP ACCEL G

SP ACCEL G

SP ACCEL G

PAMELS AMD RACKS
FAILURE MODE

INSTRUMENT FAILURE

WELD FAILURE

RELAY CHATTER

BREAKER TRIP

STRUCTURAL

NOTES

PREDOIMI NANT FREQUENCIES:

MODE #1 RIGID

MODE #2 11 HZ.

PERCENTILES ARE FACTORS TIMES
SSE. ITHNSTRUMENT RACKS.
PREDOMINANT FREQUENCIES:

MODE #1 RIGID

MODE #2 11 H

2.
PERCENTILFS ARE FACTORS TIMES
SSE. IMSTRUMENT RACKS.

FREQ 5-10 HZ , 5% DAMPING
FREQ 5-10 HZ , 5% DAMPING
FREQ 5-10 HZ , 5% DAMPING

FREQ 5-10 H2Z , 5% DAMPING

GRPMODE LISTS GROUPS INCLUDED IN RESZ26A
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GROUP

GRP27VB

GRP27C

GRP27D

SMA44

SMA46

SMA47

RES27A

CATEGORY !

MEDT AN

16.

25.

o}

18,

827

a72

. 643

27.0
BETA

. 407

N
M)
()

. 436

.818

. 881

. 499

CONTROL

FRAG.

SP

SP

SP

SP

SP

SP

ACCEL

ACCEL

ACCEL

ACCEL.

ACCEL

ACCEL

PARAM,

PANELS AND RACKS

FATLURE MODE

COMPONENT MALFUNCTIGON

STRUCTURAL MOGUNTING GF CABINETS

STRUCTURAL MOUNTING OF COMPGNENTS

ELECTRICAL MALFUNCTIGN

BREAKER TRIP

STRUCTURAL

PREDGMINANT FREQUENCY IS

>20 HZ. STRUCTURAL FAILURE
UNLIKELY WITH MODERN DESIGN.

PREDOMINMANT FREQUENCY FOR ALL

MODES >12 HZ.

THESE MODES OF FAILURE ALSO
APPLY TO BREAKER PANELS,
AUXILTARY RELAY PANELS,
INSTRUMEMT RACKS AND DIiESEL
CENERATORS.

PREDOMINANT FREQUENCY FOR ALL
MOGDES >12 HZ.

THESE MOUDES OF FAILURE ALSO
APPLY TO BREAKER PANELS,
AUXTLIARY REILLAY PANELS,

INSTRUMENT RACKS AND DIiESEL
GENERATORS.

FREQUENCY 5-10 HZ , 5% DAMPING

FREQUEMCY 5-10 HZ , 5% DAMPING

FREQUENCY 5-10 HZ , 5% DAMPING

GRPMUDE LISTS GROUPS INCLUDED

IN RES27A
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GROUP

GRP30A

GRP30B

GRP30OC

GRP30D

GRP30OE

GRPGOF

SMA48

RES30A

CATEGORY: 30,
MEDTAN

13.

47.

. 262

. 623

. 623

. 740

437

.710

465

. 683

BETA

. 302

. 257

. 257

. 201

. 325

. 474

. 203

0

LGCAL
FRAG. PARAM.

SP

SP

SP

SP

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL

Z PRD AC

I[NSTRUMENTS

FAILURE MGDE

RELAY CHATTER

LOOSENING OF FASTENERS

BASE STRUCTURAI. FATIGUE

SIGNAL DRIFT

CONTACT CHATTER

SET POINT DRIFT

ELECTRICAL FUNCTION

PREDGITINANT RESPONSE FREQUENCY
IS 5 - 35 HZ

DAMPIMG IS 5%. THIS APPLIES TO
ALLL FATLURE MCODES.

PREDGHINANT RESPONSE FREQUENCY
[S & - 35 HZ

DAMPING 1S BXZ. THIS APPLIES TO
ALL FAITLURE MODES.

PREDOMINANT RESPGONSE FREQUENCY
IS § - 35 HZ
DAMPING IS B5%x. THIS APPLIES TO
AlLlL. FAILURE MODES.

PREDOMI NANT FREGUENCIES

MGCDE #1 10-15 HZ.

MODE #2 29-30 HZ.

MODE #3 NOT GIVEN

PREDOMINANT FREQUENCIES

MODE #1 10-15 HZ.

MODE #2 29-30 HZ.

MUDE #3 NOT GIVEN

PREDOMINANT FREQUENCIES

MOVE #1 10-15 HZ.

MODE #2 29-30 HZ.
MODE 4#3 NOT GIVEN

RIGID

GRPMODE LISTS GROUPS INCLUDED

IN RES30A
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GROUP

GRP31A

GRP31B

GRP31C

SMA49

SMASO0

SMASI

RESS31A

CATEGUORY :

MEDITAN

20.

24,

801

653

.588

. 583

174

. 331

31.0 MOTOR

BETA FRAG.

. 361

. 275

510

.818

. 881

. 291

SP

SP

SP

SP

SP

SP

ACCEL

ACCEL

ACCEL

ACCEL

ACCEL.

ACCEL

CONTROL. CENTERS
PARAM,

FATILURE MODE

CHATTER GF CONTACTS

STRUCTURAL ANCHORING GF CABINET BASE

ﬁg?UCTURAL MOUNTING OF COMPONENT IN CABI

RELAY CHATTER

BREAKER TRIP

STRUCTURAL

MOTES

.DAMPING 1S 5% FOR ALL

PREDOMINANT FREQUENCY
ALL MUDES >15 HZ.
DAMPING IS 5% FGR ALL
PREDOGMINANT FREQUENCY
ALL MODES >15 HZ.
DAMPING IS 5% FOR ALL

PREDOMINANT FREQUENCY
ALL MODES >185 HZ.

MGDES.
FOR

MODES |
FOR

MODES.
FOR

FREQUENCY 5-10 HzZ , 5% DAMPING

FREQUENCY $-10 HZ , 5% DAMPING

FREQUENCY 5-10 HZ , 5% DAMPING

GRPMODE LISTS GROUPS

INCLUDED

IN RES31A
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GROUP

GRP33A

RES33A

CATEGORY: 33.0
MEDTAN BETA

9.198 . 201

9.196 . 201

LIGHT FIXTURES
FRAG. PARAM. FAITLURE MODE

SP ACCEL

G DISLODGING OF AIR DUCT BLANKING CLIPS

FREQ. 4.5-6.5 HZ , DAMP 2%

GRPMODE LISTS GROUPS

INCL.UDED

IN RES33A
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GROUP

SMAB2

CATIZGORY @

35.0

MEDTAN BETA

L 436

INVERTERS
FRAG. PARAM.

SP ACCEL G

FATLURE MGDE

RELAY TRIP

FREQUIENCY S-10 HZ

]

5% DAMPING
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CATEGORY: 36.0 CABLE TRAYS
GR’leP MEDT AN BETA FRAG. PARAM. FATLURE MODE NOTES

GRPEGA 3.108 360 SP ACCEL G FAILURE OF SUPPORTS PREDOMINANT RESPONSE FREQUENCY
I$ 5-10 HZ. FOR ALL MODES.

GRPZGB 5.847 .406  SP ACCEL 6 RUPTURE OF PARTS BETWEEN SUFPURTS PRIZDOMINANT RESPONSE FREQUENCY
IS5 5-10 HZ. FOR ALL MODES.

SMAS3 2.829 870 Z PD PK AC CABLE SUPPORT SYSTEM REFERENCED TG ZPA

RESCGA 2.229 L3982 GRPMODGE LISTS GROUPS INCLUDED IN RES36A
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GROUP

GRP37A

GRP37B

GRP37C

GRPS7D

GRP37E

RES37A

CATEGORY: 37.0
MEDTANM

142

. 980

. 693

. 966

BETA

.271

.B677

. 445

. 407

DUCTING

FRAG.

SP

SP

SP

SP

ACCEL

ACCEL

ACCEL

ACCEL

PARAM.

FAILURE MODE

CORNER TEARING

SUPPORT FAILURE

JOINT SEPARTIGON

RUPTURE OF DUCT BETWEEN SUPPORTS

GROSS BENDING FIRM

NOTES

PREDOMIMANT FREQUENCY FOR
RESPONSE 8.5 - 11.0 Hz.
DAMPING AT 7%

HVAC DUCTS.

PREDOMINANT FREQUENCY FOR
RESPONSE 8.5 - 11.0 HZ.
DAMPING AT 7%

HVAC DUCTS.

PREDOMINANT FREQUENCY FOGR
RESFONSE 8.5 - 11.0 Hz,
DAMPING AT 7%

HVAC DUCTS.

PREDOGMINANT FREQUENCY FOR

RESPONSE 5 - 10 HZ. ALL MGDES

PREDOMINANT FREQUENCY FOR
RESFPONSE 10 HZ. ALL MODES.
GRPMODE LISTS GROUPS INCLUDED

IN RES37A



Ly

GROUP

GRP39A

CRP39B

GRFP39C

RES39A

CATEGUORY :
MEDTANM

. 766

. 298

39.

BETA

. 449

.610

. 416

0

SWITCHYARD EQUIPMENT
FRAG. PARAM. FATLURE MODE

Z PRD ACCE PGORCELAIN FRACTURE

Z PRD ACCE A B CIRCUIT BREAKER FAILURE

Z PRD ACCE H V TRANSFORMER STRUCTURAL FAILURE

FREQUENCIES:

18T MODE 1.5-4.
2ND MODE 4.5-8.

0 HZ.
0 HZ.

IN-SITU TESTING. FRAGILITY

PARAMETER AT CIRCUIT BREAKER
FOOTING., THESE ARE SWITCHYARD
CIRCUIT BREAKERS.

TORSTORAL FAILURE. MODES OF
VIBRATIGN:

18T 2.4 - 3.4 HZ.

2ND 7.8 - 12.2 HZ.

AlIR BLAST CIRCUIT BREAKERS.

FRAGILITY PARAMETER AT FLOOR

TY TRANSFORMER INTERFACE

PREDOMI NANT FREQUENCIES!

COOLLER UNIT: 7.5, 7.7 HZ.
INTERHAL STRUCTURE: 7.2, 7.6 HZ.
HV PORCELAIN: 8.1, 10.8 HZ.

GRPMODE LISTS GROUPS INCLUDED IN RES39A
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CATEGORY: 40.0 RELAYS

GROUP MEDIAM BETA FRAG. PARAM. FAILURE MGCDE NOTES
GRP40A 5.669 1.164 SP ACCEL G RELAY CHATTER PREDOMINANT RESPGNSE FREQUENCY
20 TG 33 HZ.
SMA4S 2.588 1.510 SP ACCEL G RELAY CHATTER 5-10 HZ , 5% DAMPING
RESA40A 3.990 . 893 GRPMGDE L.1STS GROUPS INCLUDED IN RES40A
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CATEGORY: 41.0 CIRCUIT BREAKERS

GRGUP MEDIT AN BIZTA FRAG. PARAM. FATLURE MODE NOTES

SMAS4 2.588 1.510 SP ACCEL G RELAY CHATTER 5-10 HZ , 5% DAMPING

SMAGS 9.583 .818 SP ACCEL. G RELAY TRIP FREQUENCY 5-10 HZ , 5% DAMPING
SHMABE 18.174 .881 SP ACCEL. 6 STRUCTURAL FREQUENCY 5-10 HZ , 5% DAMPING
SMABT7 9.583 .818 SP ACCELL G BREAKER TRIP FREQUENCY 5-10 HZ , 5% DAMPING

FREQUENCY 5-10 HZ , 5% DAMPING
SMASS 18.174 .831 SP ACCEL. G STRUCTURAL FREQUEMCY 5-10 HZ , 5% DAMPING

NES41A 7.630 . 710 GRPMODE LISTS GROUPS INCLUDED IN RES41A
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CATECORY: 48,0 RECOMDINERS

CROLUIP MEDEAN BETA FRAG. PARAM, FAITLURE MODE NITES
GRP48A 3.240 . 144 FLOOR AC G PIPE DEFORMATION THE TEST WERE NOT TAKEN Td
FATLURE,

FPREDUMTNANT FREQUENCIES:
MODE %1 9.3 HZ.
MODE #z 21.% HZ.

RES48 8.243 144 GRPMODE LISTS GROUPS INCLUDED IN RES48A
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GROUP

GRP49A

SMAS9

RES49A

CATEGORY: 49,
MEDIAN BETA

. 332 . 807
4.998 353
332 807

o}

CERAMIC INSULATORS
FATLURE MODE

FRAG. PARAM.

BASE ACCEL

PK GD AC G

FRACTURE GF PORCELAIN

FRACT ©F

INSULATORS

INSULATIGN

NETES

FREQ. 1-4 HZ

REFERENCED TO ZPA

GRPMJDE

LISTS GROUPS

INCLUDED

IN RES49A



29

CATEGORY: 50.0 SPENT FUEL RACKS

GROUP ~ MEDIAN  BETA  FRAG. PARAM, FAILURE MODE NOTES
GRPS0A 1276 471 FLOOR AC G DESTRUCTION OF SHEAR CONNECTICN BETWEEN FREQ. 7-8 HZ
MGDULE
RESS0A 276 . 471 GRPMODE LISTS GROUPS INCLUDED IN RES50A



6.2 DATA TABLES

Computer listings of the data tables that comprise the data base are
presented in alphabetical order in this section along with explanations of the
contents of each. The name assigned to each column of data and the data type

are included in each description since this information is useful when using
FRAMIS.

A. BRANCH

Table BRANCH contains load scale factors for branch connections of various
representative pipes (see Table PIPE for other pipe elements). It consists of
10 columns as follows:

Column No. Column name Type Contents
1 LINE Integer A reference line number.
2 SIZER Floating Ihe nominal diameter of the pipe run
in.).

3 SIZEB Floating The nominal diameter of the pipe
branch. (in.)

4 SCHED Character The pipe schedule.

5 MAT Character Material: SS = stainless steel;
CS = carbon steel.

6 TEMP Floating Temperature (OF)

7 FUPR Floating Unreinforced branch; scale factor for
run.

8 FUPB Floating Unreinforced branch; scale factor for
branch.

9 FRPR Floating Reinforced branch; scale factor for
run.

10 FRPB Floating Reinforced branch; scale factor for
branch.
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B.  CATEGORY

Table CATEGORY relates the descriptions of the generic categories of
components to the numbers used to identify data for these categories. It
consists of three columns of data as follows:

Column No. Column name Type Contents

1 CATNO Floating A floating point number unique to
this particular description (Note:
CATNO is a subgrouping of CAT.)

2 CAT Integer An integer number unique to a class
of generic components.

3 DES Character The description of the generic
category or specific component
represented uniquely by CATNO and
generically by CAT.
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CATEGORY

CATNG

O
>
]

DESCRIPTIGN

REACTOR CORE ASSEMBLY

REACTGR COOLANT SYSTEM VESSELS

REACTER PRESSURE VESSEL

PRESSURI ZER

STEAM GENERATOR

PRIMARY COGCLANT P

LARGE PIPING ( >3O

INTERMEDIATE PIPL
<
T

PING
N.)
ﬁ ()21N. < D < 8IN.)

RAGE VESSELS WITH FORMED HEADS

GE TANKS WITH FLAT BOTTOMS
LARGE HORIZONTAL VESSELS

[
!
I
SMALLL PIPES ( < 21

LARGE VERTICAL 8
LARGE VERTICAL STOR

a

N=0WENOULAWN—=OVEONOURRNNNDN=
N=0QONOUILON~OOVONOUAONNNN—

0
0
1
2
3
0
0
0
0
0
0
10.0 1 SMALL-MEDIUM YESSELS ANMD HEAT EXCHANGZIRS
11.0 1 BURIED PIPE
12.0 1 REACTCOR COQLANT PUMP
13.0 1 LARGE VERTICAL CENTRIFUGAL PUMP3 WiTH MGTCOR DRIVE
14.0 1 LARGE VERTICAL PUMP3
1i5.0 1 MOTOR DRIVEN COMPRESSANS AMD PUMIPS
16.0 1 LARGE MOTOR CFERATED VALVES ( > 4IMN.)
17.0 1 LARGE RELIEF AMD THECK VALVES ( > 41N.)
18.0 1 SMALLL MISCELLANECQUS VALVES ( < 4IN.)
19.0 1 HORIZOGNTAL MOTORS
20.0 2 GENERATORS
21.0 2 BATTERIES
22.0 2 SWiTCHGEAR
23.0 23 DRY TRANSFORMERS
24.0 24 AIR HANDLIMNG UNITS
26.0 26 INSTRUMENT PAMNELS ANMD RACKS
27.0 27 CONTROL PANELS AND RACKS
28.0 28 AUXILIARY REZLAY CADINETS
29.0 29 BREAKER PAMNELS
$0.0 30 LGCAL IMSTRUMENTS
31.0 31 MOTGOR CONTROL CENTERS
33.0 33 LIGHT FIXTURES
4.0 34 COMMUNICATIONS EQUIPMENT
35.0 35 IMVERTERS
3€.0 36 CABLE TRAYS
37.0 37 DUCT I NG
38.0 38 HYDRAULIC SNUBBERS
39.0 39 SWITCHYARD EQUIPMENT
39.1 39 GENERAL SWITCHYARD EQUIP,
39.2 39 ATR BLAST CIRCIITT DBREAKIRS
39.3 39 H. V. TRANSFORMER (2%8 KV)
40.0 40 RELAYS
41.0 41 CIRCUIT BREAKERS
48.0 43 RECOMB [ NERS
49,0 49 CERAMIC IMNSULATORS
£0.0 50 SPENT FUEL RACKS
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C. GRPDEF

Table GRPDEF identifies the data used as input to program FRAGSTAT, which

resulted in the data contained in Table GRPMODE. It consists of two columns
as follows:

Column No. Column name Type Contents
1 GRPNO Character An identifying code relating to a

particular set of failure mode data
(see Table GRPMODE).

2 EXPLAN Character A worded explanation of the data used
in the computation of the associated
GRPNO set of failure mode data.
Usually a 1ist (by OPNO) of those
particular sets of expert opinions
input to FRAGSTAT for one failure
mode (see tables GRPMODE and OPINION).
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GRPDEF

GRPNG GPNG EXPLAN
GRPOTA 1 OPNO 1 ALONE
GRPO1B 2 OPNO 2 ALONE
GRPO1C 3 COPNG 3 ALONE
GRPO1D 300 SMANG 1 ALONE
GRPO1TE 300 SMANG 2 ALONE
GRPO2A 20 GPNO 20 ALONE
GRPO2B 19 OPNO 19 ALONE
GRPO2C 17 OPNS 17 ALONE
GRPOZD 11 OPNG 11 ALONE
GRPQO2ZE 12 COPMO 12 ALONE
GRPO2F 27 OPNO 27 ALONE
GRPO2G 24 OPMNG 24 ALONE
GRPO2H 14 OPNG 14 ALONE
GRPOZ2I 13 OPNG 13 ALONE
GRPO2J 26 OPNG 26 AND 28 AS INDIVIDUAL SLIRAROUPS
GRPO2J 28 CPNG 26 AND 28 AS INDIVIDUAL SURGROUPS
GRPO2K 300 SMANG 60 ALONE
GRPO3A 35 MASTER PIPING CURVE
GRPQCAA 300 MASTER PIPING CURVE
GRPOSA 300 MASTER PIPING CURVE
GiIPOBA 300 MASTER PIPING CURVE
GRPQO7A 75 OPNG 75 ALONE
GRPO7B 76 OPNO 76 ALONE
GRPOBA 77 GPNG 77 ALONE
GRPOZB 78 OPMNG 78 ALONE
GRPO&C 79 OPNG 79 ALONE

RPO9A 83 GPNCE 83 AMD 84 AS IMNDIVIDUAL SURGROUPS
GRPOYA 84 OPNG 83 AND 84 AS [INDIVIDUAL SUBGROUPS
GRP10A 85 OPNO 85 ALONE
GRP10B 87 OPMG 87 ALONE

GRP10C 86 OPNG 86 AND 89 AS INDIVIDUAL 3UNGROUPS
GRP10C 89 GPNG 86 AND 89 AS ITNDIVIDUAL SUZOROIURPS
GRP10OD 300 SMANG 10 ALLONE
GRPT11A 300 MASTER PIPING CURVE
GRP12A 92 OPNG 92 ALON
GRP12B 93 OPNO S3 ALONE
GRP12C 300 SMANG 14 ALLONE
GRP13A 94 OPMNG 94 ALONE
GRP13B a5 OPMO 95 ALGONE
GRP14A 99 OPNG 99 ALGNE
CRP14B 100 OPMC 100 ALONE
GRIP15A 300 SMANO 18 ALONE
OHP1SB 300 SMAND 19 ALONE
GRP1S 300 SMAMT 20 ALOME
GiP15D 300 SMANG 21 ALGONE

GRIM15E 300 SMANG 22 ALONE
GRP15F 300 SMAMO 16 ALUNME
GRIP 156 300 SMAMO 17 ALONE
GRIP1IBA 124 OPMNG 124 ALOME
Gin16B 2 OPMG 123 ALJONE
ﬁ“PlaP ¥ OPNG 122 ALOME

GRP16D PNO 125 AND 1 N DUAL SURGRISUPS

C&N BE SHMANG 23 ALONE

123
122
121 21 AS INDIVI
HPP1QD 123 OPMG 125 APD 121 AS INDIVIOUAL SURGCRAUPS
300
P 16F 300 SMANT 24 ALUNE
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GRPNG

GRP16G
GRP16H
GRP17C
GRP17D
GRP18A
GRP18A
GRP18B
GRP18B
GRP18B
GRP18B
GRP18C
GRP18C
GRP138C
GRP13C
GRP19A
GRP198
GRP20A
GRP20A
GRPZ20B
GRP20B
GRP20OC
GRP20D
GRP20E
GRP20OF
GRP20G
GRP20H
GRP21A
GRP21B
GRP21C
GRP22A
GRP22A
GRP22A
GRP23A
GRP23B
GRP23B
GRP23C
GRP24A
GRP24B
GRPZ4C
GRP24D
GRP26A
GRPZ26B
GRP26C
GRP26D
GRP26E
GRP27B

GRP30B
GRP30C
GRP300D
GRP3OE

Q
2
b4
Q

UICGUUNADARDQUWOWOOWWWOWWNN
WO=0RON—=0WRNOUDWN—=OW®

== WWWW—
gaioooou
WOHOOOONM

NNNNNOOO
AUAND—~U—O

179

EXPLAN
OPNG 128
OPNO 129
OPNG 130
OPNO 131
OPNGO 132
OPNGO 132
OPNG 134
OPNCO 134
OPNG 134
CPNO 134
CPNGC 139
OPNGO 139
COPNG 139
OPNO 139
OPNG 147
OPNG 148
OPNG 149
OPMO 149
OPNG 151
OPNG 151
OPNO 153
OPNG 154
SMANG 28
SMANG 29
SMAMG 30
SMANG 31
OPNO 156
OPNG 159
SMANGO 32
OFNG 161,
OPNG 161,
OPNG 161,
OPNG 178
OPNO 177
gPMNG 177
OPNO 176
OPNG 179
SMANG 38
SMANG 39
SMANG 40
CPNO 180
CPNG 181
SMANG 41
SMANG 42
SMANG 43
OPNO 185
OPNGO 185
OPNO 187
OPNG 188
SMANC 56
ORI 139
OFRG 190
OPMG 191
OPNG 192
OPNG 193

ALCNE
ALGNE
ALONE
ALGNE
AND 133 AS
AND 133 AS
AND 135 AS
AND 135 AS
AND 135 AS
AND 135 AS
AND 140 A3
AND 140 AS
AND 140 AS
AND 140 AS
ALGNE
ALONE
AND 150 AS

AND 225 AS
AND 225 AS
ALLONE
ALGNE

ALONE
AND 186 AS
AND 186 AS

IND

[

D

SUBGRO
SLBGRO
SURGRP
SUBGREP
£ SUBGRP
SUBGRP
SUBGRP
SUBGRP
supeRP
SUBGRF

SUBGRO

VIDUAL
VIDUAL

lwiw]

IVIDUAL
IVIDUAL
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up

upP

AND 136 AN
AND 136 AN
AND 136 AN
AND 136 AN
AND 138 AMOD
AMND 138 AND
AMD 128 AM
AND 138 AND
upP

SUBGRGUP
SUBGROUP
SUBGROUP

SUBGROUPS
SURGRIUPS

SURGROUPS
SURCARIUPS

[N N
EADDROWOLOW
—— e NN

L Z2ZZZ2ZZ
CCCoCC
PrerrP
rCrirc

cooboGoo
LI LLLL
lele]etelw]elole]

=

SUBGRPS
SUBGRPS
SUBGRPS
SUBGRPS
SUBGRPS
SUBGRPS
SUBGRPS
SUBGRPS



GRPNG

GRP30F
GRP31A
GRP318
GRP31C
GRP33A
GRP36A
GRP36B
GRP36C
GRP37A
GRP37B
GRP37B
GRP37B
GRP37C
GRP37C
GRP37D
GRP37E
GRP39A
GRP39B
GRP39B
GRP39C
GRP29C
GRP39C
GRP40A
GRP40A
GRP40B
GRP41A
GRP41B
GRP48A
GRP49A
GRP42A
GRPSOA

300
208

—====NN=NNNNNNON

QNNNNNO =2 === O
NOAWN=~NUNWOA—=®

183

EXPLAN
OPNG 194
OPNO 198
OPNG 199
OPNG 200
OPNG 201
OPNG 206
OPNG 207
SMANGC 53
OPNG 208
OPNG 209,
OPNG 209,
OPNG 209,
OPNG 210
OPNG 210
OPNG 212
QPNO 215
OPNO 167
OPNG 221
OPNG 221
OPNCG 173,
OPNG 173,
QPNG 173,
OPNG 182,
OPNO 182,
SMAMG 55
SMANG 357
SMANG 58
OPNG 223
OPNO 226
OPNG 226
OPNC 224

IDUAL SUBGROUPS
IDUAL SUBRGREUPS
IDUALL SUBSGROUPS
SURGROUPS
SUBGRIEUPS

DUAL SUBGRGUPS
AND 222 A DUAL SU3GRE
174, AND 175 IMDIVIDUAL IBGROUPS
174, AND 175 AS IMDIVIDUAL J1ROPEAUPS
174, AND 175 | GROUPS
183 AND SMAA45 AS DGROUPS
183 AND SMA45 AS IND MBGRIOUPS
ALONE
ALONE
ALGNE
ALGNE
AND 227 AS |
AND 227 AS 1
ALONE

<<

DIVIDUAL SUBGROUPS
DIVID

N
N UAL SUBGRCUPS
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D.  GRPFAIL

Table GRPFAIL Tlists the predominant failure mode for the various

groupings of data that are presented in Table GRPMODE. It consists of two
columns as follows:

Column No. Column name Type Contents
1 GRPNO Character An identifying code unique to this

particular set of data and relatable
to other tables.

2 MODE Character A description of the predominant
failure mode for this particular set
of data.
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GRPO2D
GRPO2E
GRPO2F
GRP0O2G
GRPO2H
GRPOZ2I
GRP0O2J
GRPO2K
GRPO3A
GRPO3B
GRPO7A
GRPG7B
GRPOBA
GRPOSB
GRPOBC
GRPO9A
GRP10A
GRP10B
GRP10OC
GRP10D
GRP12A
GRP12B
GRP12C
GRP13A
GRP13B
GRP14A
GRP14B
GRP15A
GRP15B
GRP15C
GRP15D
GRP15E
GRP15F
GRP156G
GRP16A
GRP16B
GRP16C
GRP16D
GRP16E
GRP16F
GRP16G
GRP16H
GRP17C
SRP17D
GRP17E
GRP18A
GRP18B

GRPFAIL

MODE

BINDING oF CONTROL RODS DUE TG SEISMICALLY INDUCED DEFGRMATIGNS
DEFORMATION OF GUIDE TUBES DUE TO SEISMIC IMPACT ©F FUE. BUNDLE
FAILURE OF CORE SUPPORT STRUCTURE DUE T® INERTIA LGAD OF FUEL
DEFGR. OF GUIDE TUBES / GUIDE PLATE WELD

CONTROL ROD HOUSING DEFGRMATIGN

BUCKLING GF SKIRT

FAILURE OF SKIRT ANCHOR BGLTS

STRESS INTENSITY AT VESSEL. SUPPGRT

FAILURE OF SKIRT ANCHOR BGLTS

BUCKLING GF SKIRT

RUPTURE AT PRIMARY INLET OR SUTILET MGZZLE, RUPTURE AT FEEDWATER NGZZLE
NOZZLE FAILURE

FAILURE OF STEAM GENERATOR LEG IMBEDMENT IN CONTAIMMENT FLOER
FAILURE OF CONNECTION BETWEEN SUPPORT LEG AND STEAM GENMERATOR BEDY
TUBING FAILURE

PRESSURE BOUNDARY FAILURE

RUPTURE AT CONNECTIGMS TO COMPGNENTS DUE TO COMPINENT SUPPORT FAILURE
RUPTURE AT CONMECTIONS TG COMPOMEMTS DUE TO PIFE OVERSTRESS
RUPTURE OF ANCHOR BOLTS

BUCKLING GF SUPPORT SKIRT OR LEGS

RUPTURE GF ANCHOR BOGLTS

BUCKLING OF TANK WALL

TENSILE RUPTURE OF TANK WALL

SUPPORT SYSTEM FAILURE (BGLTS)

RUPTURE GF ANCHOR BOLTS

STRUCTURAL FAILURE

SUPPORT FAILURE

SUPPORT FAILURE

FAILURE OF CONNECTIGN TG SUPPORT LEGS

BUCKLIMNG GF SUPPORT LEG

BUCKLING AND FRACTURE

RUPTURE OF CONNECTIONS TO SUPPOBRT STRUTS

TENSILE FAILURE OF SUPPURT STRUTS

RUPTURE OF ANCHCR BOLTS DUE TO LARGE MOMENTS FROM VERTICAL INTAKE COLUMN
RUPTURE OF VERTICAL INTAKE CGOLUMN

FLANGE BENDING

SHAFT BENDING

THRUST BEARING FAILURE

SHAFT DEFLECTIGN

GENERIC FUNCTIOGN

IMPELLER DEFLECTION

MOUNTING BOLT FAILURE

BREAKS AT WELD ENDS

RUPTURE CF PIPE SUPPORT AT NOZZLE

LOSS OF CONTRCGL AIR

ELECTRICAL FAILURE IN ACTUATOR

OPERATOR DISTGRTION

OlL RESERVOIR HOILLD DOWN BOLTS

FRACTURE OF VALVE ACTUATGOR TGP CEBVER AT COMMECTIAN T8 VALVE 30DY
FAILURE OF SPRING MECHANISM DUE TG EXCESSIVE PLASTIC DEFGRMATIGN
DISC BECOMES DISENGCAGED

DISC BECUMES BOUND

GEMERIC FUNCTIGN

LEAKAGE

INTERNAL DAMAGE
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GRPNG MODE

GRP18C STRUCTURAL FATIGUE

GRP19A BINDING COF ROTATING PARTS

GRP19B RUPTURE OF ANCHOR BOLTS

GRP2Z20A CONTROL FAILURE

GRP20B OIL LEVEL REGULATOR

GRP20C ANCHOR BOLT FAILURE

GRP20D CRANKSHAFT LOCK UP

GRP20E RELAY CHATTER

GRP20F FAILED RELAY

GRP20G VALVE TRIP

GRP20H STRUCTURAL FAILURE

GRP21A FAILURE OF BATTENS

GRP21B CASE BREAKAGE DUE TGO A BAD STAND
GRP21C RUPTURE ©F ANCHOR BOLTS

GRP22A SPURIQUS OPERATION OF A PROTECTIVE RELAY
GRP23A [NTERNAL STRUCTURAL FAILURE, SHORT OF ELECTRICAL CENMNECTION
GRP23B FAILURE OF SUPPORT FRAME

GRP23C RUPTURE OF ANCHOR BOLTS

GRPZ24A STRUCTURAL FAILURE

GRPZ241B RUBBING OF FAN ON HOUSING

GRP24C RUBBING OF MOTOR ROTGR GN HGOUSING

GRP24D GENERIC FUNCTIGN

GRP26A INSTRUMENT FAILURE

GRP26B WELD FAILURE

GRP26C RELAY CHATTER

GRP2GD BREAKER TRIP

GRP26E STRUCTURAL FAILURE

GRP27B COMPONENT MALFUMNCTIGN

GRP27C STRUCTURAL MOUNTING OF CABINETS

GRP27D STRUCTURAL MOUNTING OF COMPGONENTS
GRP27F STRUCTURAL FAILURE

GRP30A RELAY CHATTER

GRP30B LOOSENING OF FASTENERS

GRP30C BASE STRUCTURAL FATIGUE

GRP30D SIGMAL DRIFT

GRP30E CONTACT CHATTER

GRP30F SET POINT DRIFT

GRPS1A CHATTER dF CONTACTS

GRP31B STRUCTURAL ANCHGORING OF CABINET BASE

GRP3I1C STRUCTURAL MOUNTING OF COMPONENT IN CABINET

GRP33A DISLODGING OF AIR DUCT BLANKING CLIPS

GRP36A FAILURE ©F SUPPORTS

GRP368B RUPTURE GF PARTS BETWEEN SUPPCRTS

GRP36C CABLLE SUPPORT SYSTEM

GRP37A CORNER TEARING

GRP37B SUPPORT FAILURE

GRP37C JOINT SEPARTIGN

GRP37D RUPTURE GF DUCT BETWEEN SUPPGRTS
RP37E GROSS BENDING FIRM

GRRP39A PORCELAIN FRACTURE

GRP398 A B CIRCUIT BREAKER FAILURE

GRPZ2C H V TRAMSFUORMER STRUCTURAL FAILURE

GRPA0A RELAY CHATTER

GRPAOD RELAY TRIP

GRP41A BREAKER TRIP
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GRPNG

GRP41B
GRP48A
GRP49A
GRPS0A
SMAQ1
SMAOQ2
SMAOS3
SMAQ4
SMAQS
SMAQ6
SMAQ7
SMAQS8
SMAQSQ
SMA10
SMAT1
SMA12
SMA13
SMA14
SMA1S

SMAA4
SMA45
SMA46
SMA47
SMA43
SiiA4Q
SHADO
SMAS1

MODE

STRUCTURAL FAILURE

PIPE DEFORMATION

FRACTURE OF PORCELAIN INSULATIGN
DESTRUCTIGN COF SHEAR CONMECTION BETWEEN MODULES
DEFOR. OF GUIDE TUBES / GUIDE PLATE WELD
CONTROGL ROD HOUSING DEFGORMATIGN
FRACTURE OF RPV QUTPUT MNGZZLE SAFE END -
SUPPORT COLUMN FAILURE

SUPPORT SKIRT BOLTING -
SUPPORT SKIRT COLLAPSE

PLASTIC BUCKLING OF SHELL
BUCKLING OF TANK WALLS AT BASE
BENDING OF VERTICAL STIFFNER
SUPPORT FAILURE

SUPPORT LEG FAILURE

BUCKLING AND FRACTURE

BUCKLING AND FRACTURE

SUPPORT COLUMN BGLTING

BENDING OF PUMP CASING

IMPELILER DEFLECTION

MOUNTING DOLT FAILURE

FLANGE BENDING

SHAFT BENDING

THRUST BEARING FAILURE

SHAFT DEFLECTION

GEMERIC FUMCTIGN

DISTORTION OF EXTENDED OPERATOR STRUCTURE
OIL RESERVOIR HOLLD DGWN BOLTS
GENERIC FUNCTION

GENERIC FUNCTION

GENERIC FUNCTION

RELAY CHATTER

FATLED RELAY

VALVE TRIP

STRUCTURAL

ANCHOR BOLTS

CASE CRACKING & PLATE FAILURE
RELLAY CHATTER

BREAKER TRIP

STRUCTURAL

STRUCTURAL

RUBBING OF FAN GON HOUSING

RUBBIMNG OF MOTOR ROTHGOR ON HOUSING
GENERIC FUNCTION

RELAY CHATTER

BREAKER TRIP

STRUCTURAL

ELECTRICAL MALFUNCTIGN

RELAY CHATTER

BREAKER TRIP

STRUCTURAL

ELECTRICAL FUNCTIGN

RELAY CHATTER

BREAKER TRIP

STRUCTURAL
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GRPNG

SMAS2
SMAS3
SMAS4
SMASS
SMAS6
SMAS7
SMASS8
SMASQ
SMABO
SMAG1
SMAG62
SMAG3

MODE

RELAY TRIP

CABLE SUPPORT SYSTEM
RELAY CHATTER

RELAY TRIP
STRUCTURAL

BREAKER TRIP
STRUCTURAL

FRACT GF INSULATORS
COPERATOR DISTORTION
RELAY TRIP

BREAKER TRIP
FRACTURE OF INSULATORS
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E. GRPMODE

Table GRPMODE relates the grouping of data which brought about the
resulting fragility data presented in Table RESULTS. Each row of data in the
table contains the fragility data for a single failure mode, usually resulting
from computations by program FRAGSTAT. It consists of seven columns as
follows:

Column No. Column name Type Contents
1 GRPNO Character An identifying code unique to this

particular set of data for a
particular failure mode.

2 RESNO Character An identifying code relating this set
of data to the final resulting
fragility data (see Table RESULTS.)

3 NMEAN Floating The statistical mean of the data
assuming normal distribution.

4 NSIGMA Floating The standard deviation of the data
assuming normal distribution.

5 LNMEAN Floating The statistical mean of the natural
logs of the data (i.e., assuming
lognormal distribution).

6 LNSIGMA Floating The standard deviations of the
natural logs of the data (i.e.,
assuming lognormal distributions).

7 PARAM Character The fragility parameter.
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F.  GRPNOTES

Table GRPNOTES contains qualifying comments pertinent to the various
groupings of data in GRPMODE. Information such as predominant frequencies and

specific equipment identification is included here. It consists of four
columns of data as follows:

Column No. Column name Type Contents
1 CATNO Floating A floating point number unique to a

particular description of generic
category or component description
(see Table CATEGORY).

2 GRPNO Character An identifying code unique to a
particular set of data for a
particular failure mode (see Table

GRPMODE) .

3 LINE Integer A Tine number used for sorting and
editing.

4 NOTE Character Qualifying comments.
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CATNO
1.

V)V

N ——

0

-00

N —

GRPNO
GRPO1A

GRPO1B

GRPO1C

SMAO1
SMAOQ2
GRPO2A

GRP0O28B

GRPO2C

SMAOQ3
GRPO2D

GRPOZ2E

SMAOS
GRPO2F

GRPNOTES

LINE

26

44
42

42

NOTE

PREDGMINANT FREQUENCIES MODE #1,3HZ;
MODE #2,3 HZ; AMNMD MODE #3, HZ.
PRECENTILES [MCLUDE LOCA.

PWR, ALL MGDES.

FUNCTIGNAL FATLURE

FRAGILITY PARAMETER ACCELERATIOGN

AT CORE SUPPORT ATTACHMENT

TO REACTOR VES3EL.

PREDOMINANT FREQUENCIES MGODE #1, 3HZ;
MGDE #2,3 HZ; AND [MODE #3,5 HZ.
PRECENTILES INGLUDE LOCA.

PWR, ALL MODES.

FUNCTIGNALL FAILURE

FRAGILITY PARAMETER ACCELERATION

AT CORE SUPFUORT ATTACHHMENT

TG REACTUR VESSEL.

PREDAMIMANT FREDUIFEMCIIES MODI 1, 3HZ;
MODE #2,3 HZ,; AMD OLE +3,8 HZ.
PRECENTILES INMCLUDE L&CA.

PW, ALL MODES.

FUNMCTIGMAL FAITLURE

FRAGILITY PARAMEITER \CFrLFR “TION

AT CORE SUPPORT ATITACHMENT

TG REACTOR VESSEL.

FREQUENCY S-135 HZ , %% DAMPIiG
FREQUENCY 6 HZ , 5% LAMPING

ALL MODES: PREDOMINANT FREQUIMCIES,
MARK Il 9-15 HZ MARK 111 3-5 HZ,

MARK 11 & 11l REFER Td GE BWR CONTAIN-
MENTS PRESS BOUND FAILL,

ALL MODES.
ALL MuDES: PREDIMINANT FREQUEMCIES,
MARK Il 9-15 HZ ,MARK 111 3-5 HZ.

MARK 11 & 111 REFZR TG 4E 34R CONTAIN-
MENTS PRESS BOUMO FAITL.

ALL MODES.

PGOL TYPE REACTOR VESSEL (LIQ. SGDIUM)
PREDOMINAMT FREQUENCIES, MODE # 1-7 HZ
MODE #2-7.95 HZ

MODES #3---

PRESS. DOUMD FAIL; ALL MODES,
FREQUENCY 5 HZ , (NS5S SYSTEM)
PRESSURI ZER.

%[SHIMODES PREDOMIMAMT FREQUENCY ,

42
PERCENTILES INCLUDE LGCA,
P BOUND., FAITL; ALL MODES.
PRESSURTZER.,
BUTH MODES PREDOMINANT FREQUENCY,
7.0 HZ.
PER CLNTILFS INCI UDE L3CA,
PRE3S, BOUMD. FAIL; ALl MHODES.
FREE)L‘EHCY 192-22 HZ , 3% DAMPING
STEAM GENERATGR. BaTH MODES:
PREDOMIMNANT FREQUEMCY, 10-13 HZ.
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CATNO GRPNG LINE NOTE

MODE #1 FACTORS TIME SY (SY FROM
PRESS. BOUND. FAIL; ALL MODES,
2.3 GRPO2G 54 STEAM GENERATOR ALL MORES:
PREDOMINANT FREGQUENCIES:MODES # 1 10-30
MODES # 2 RIGID
MODES # 3 20-100 HZ.
PRESS. BOUND. FAIL; ALL MODES.
2.3 GRPO2H 48 STEAM GENERATOR .
ALL MODE3: PREDGMINANT FREQUENCY 7.5 HZ
ALL MODES: VERTICAL
DIRECTION ACCELERATIGON
PRESS. BOUND. FAIL; ALL MODES.
2.3 GRPO21 48 STEAM GENERATOR .
ALL MODES: PREDOMINANT FREQUENCY 7.5 HZ
ALL MODES: VERTICAL
DIRECTICOM ACCELERATIGN
PRESS. BGOUNMD. FAIL; ALL MODES.
2.3 GRPO2J 54 STEAM GENERATOR ALL MUGES:
PREDOUMINANT FREQUENCIES:MODES # 1 10-30
MODES # 2 RIGID
MODES # 3 20-100 HZ.
PRESS. BUOUND. FAIL; ALL MODES.

2.3 SMAQ4 44  FREQUENCY 5 HZ , (NSSS SYSTEM) , 5% DAMP

2.3 SMA14 44 FREQUENCY 5 HZ , (NS3S SYSTEM) , 5% DAMP

3.0 GRPO3A 1 MASTER PIPIMNG CURVE

4.0 GRPO4A 1 MASTER PIPING CURVE

5.0 GRPPOSA 1 MASTER PIPING CURVE

6.0 GRPOGA 1 MASTER PIPING CURVE

7.0 GRPO7A 118 ALL MODES: PREDOMINANT FREQUENCY 4-10 HZ

7.0 GRPO7B 1  PREDGM. FREQ. 4-10 HZ

7.0 SMAO6 131 FREQUENCY 20,7 HZ , 5% DAMPING

7.0 SMAQ7 131 FREQUEMCY 6.8 HZ , 5% DAMPIMSG

8.0 GRPOSA 121 ALL MODES: PREDGMINANT FREQUENCY 3-8 HZ

8.0 GRPO8B 121 ALL MODRES: PREDIMINANT FRIQUEMOY 3-8 HZ

8.0 GRPO&C 121 ALL MODES: PREDOMIMANT FREQUENCY 2-8 HZ

8.0 SMAOS8 44 RIGID TANK + SLGSH

8.0 SMAQ9 44 RIGID TANK + SLoOSH

9.0 GRPO2A 128 PREDOMINANT FRENUENCY: 12 T3 20 HZ.
DIESEL FUEL TANK,

10.0 GRP10A 128 BOTH MODES: PREDGIMIMNANT FREQUENCY 15-30
HORIZOGNTAL TANK AND HEAT EXCHANGERS,

10.0 GRP10B 131 PREDOMINANT FREQUENCY: GREATER THEN 20 H
SMALL VESSELS.

10.0 GRP10C 128 BUTH MGDES: PREDOMINANMT FREQUENCY 15-30
HORIZOMTAL TAMK AND HEAT EXCHANGERS.

10.0 SMA10 181 FREQUENCY 8.9 HZ , 5% DAMPING

10.0 SMA11 131 FREQUENCY 12.8 HZ , 5% DAMPING

10.0 SMA1S 131 FREQUENCY 7 HZ , 5% DAMPING

11.0 GRPT1A 1 MASTER PIPING CURVE

11.0 SMA12 44 ZION BURIED PIPE

11.0 SMAT3 44 Z149M BURIED PIPE

12.0 GRP12A 140 BOTH MODES, PREDOMINANT FREQUENCIES: 4.5
PERCEINTILES INCLUDIE oA,

12.0 GRP12B 140 BOTH MUDES, PREDGITINAMT  REQUENCIES: 4.5

PERCENTILES INCLUDE Loca,
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CATNO GRPNO LINE NOTE
13.0 GRP13A 143 PREDOMINANT FREQUENCY 4.5 HZ. ALL MODES.
13.0 GRP13B 143 PREDOMINANT FREGQUENCY 4.5 HZ. ALL MODLES.
14.0 GRP14A 148 BOGTH MODES: PREDOMINANT FREQUENCY, 3HZ.
PERCENTILE 90 IS TENTATIVE
14.0 GRP 148 149 BOTH MODES: PREDOMINANT FREQUENCY, 3HZ.
PERCENTILE 90 IS TENTATIVE
15.0 SMA16 44 FREQUENCY 7 HZ , 5% DAMPING
15.0 SMA17 44 FREQUENCY 7 HZ , 5% DAMPING
15.0 SMA18 44 ZIGN SAFETY INJECTIOM PUMP RIGID
15.0 SMA19 44 ZION SAFETY INJECTION PUMP, RIGID
15.0 SMA2Q 44 ZIGN CENTR. CHARGING PUMP, RIBID
15.0 SMA21 44 ZI1OGN CENTR. CHARGING PUMP, RIGID
15.0 SMA22 44 GENERIC PUMPS & COMPR., RIGID
16.0 GRP16A 184 PREDOMINANT FRECQUENCY :
MGDE #1, 10-20 HZ.
MODE #2, 30-50 HZ.
MODE #3, 30-50HZ.
16.0 GRP16B 189 ALL MOGDES: PREDOMINANT
FREQUENCIES 2-10 HZ.
16.0 GRP16C 192 E?EIERFLY VALVYE PREDCOMIMANT FREQUENCY:
16.0 GRP16D 168 ALL MODES. PREDGMINANT FREQUENCY RIGID.
BALL VALVE WITH ACTUATCR AMD
LOGIC CABINET
16.0 GRP16G 195 PREDGSMINANT FREQUENCY !
MODE #1 VALVE ACTUATOR 27.7 HZ,
MGDE " SPRINGC MEICHAMISM 10-i2 HZ.
RUGGLES KLINGEMAW TRIP VALVE.
16.0 GRP16H 195 PREDOMINANT FREGUENCY :
MODE #1 VALVE ACTUATOGR 27.7 HZ.
MODE " SPRING MECHANISM 10-12 HZ.
RUGGLES KL INGEMAN TRIP VALVE,
16.0 SMA23 44 RIGID
16.0 SMA24 44 RIGID
16.0 SMA25 44 RIGID
17.0 GRP17C 200 PREDSGMINANT FREQUENCIES
BOGTH MGDES: RIGID
17.0 GRP17D 200 PREDGMINANT FREQUENCIES
BOTH MODES: RIGID
17.0 SMA26 44 RIGID
18.0 GRP18A 205 PREDGMINANT FREQUENCIES ARE 20-30 HZ.
DAMPING 1S 5%
18.0 GRP18B 205 PREDGMINANT FREGQUENCIES ARE 20-30 HZ.
DAMPING 1S 5%
18.0 GRP18C 205 PREDOMINANT FREQUENCIES ARE 20-30 HZ.
DAMPING IS 5%
18.0 SMA27 44 RIGID
19.0 GRP19A 230 PRggﬁWINANT FREQUENCIES ARE
19.0 GRP19B 230 PRggOMéNANT FREQUENCIES ARE
20.0 GRP20A 233 PREDGMINANT RESPENSE FREQUEMCIES:

18T MCDE 7.0 TO 20.6 HZ.
2ND MGDE 8.3 TO 13.8 HZ.
DIESEL GENERATORS.
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CATNG
20.0

n
o
000 O OCO0OO O O

N
n
o000

n
N
o000 OO0 O ©

26.0

26.
26,

n
[
[eale]

GRPNO
GRP20B

GRP20C
GRP20D

SMA28
SMA29
SMA30
SMA31
GRP21A

GRP21B

SMA32
SMA33
GRP22A

SMA34
SMA35%
SMA36
GRP23A

GRP238
GRP23C

SMA37
GRP24A

SMA38
SMA39
SMA40
GRP28A

GRP26R

SMA41
SMA42
SMA43

LINE
233

33

a4
44

NOTE

PREDOMINANT RESPONSE E;EQUENCIES:

1ST MODE 7.0 7O 20.6
2ND MODE 8.3 TO 13.8 HZ.
DIESEL GENERATCRS.

PREDCOMINANT RESPONSE FREQUENCIES:

DIESEL GENERATORS.

PREDOMINANT RESPOMSE FREQUENCIES:

DIESEL GENERATORS.

FREQUENCY 30 HZ , 5% DAMPING
FREQUENCY 11 HZ , 5% DAMPING
E?E?BENCY 22 HZ , S% DAMPING
PREDCMINANT FREQUENCY [S >25 HZ.
BATTERY RACKS

PREDOMINANT FREQUENCY >15 HZ.
DC POWER BATTERIES.

FREQUENCY 8 HZ , 5% DAMPING
FREQUENCY 8 HZ , 5% DAMPING
FREQUENCIES:

SIDE TG SIDE = &-11 HZ.

FRONT Td BACK = 16-20 HZ.
VERTICAL = >30 HZ.

26" WIDE METALCLAD SWITCHGEAR,
FREQUEMCY 5-10 HZ , 5% DAMFING
FREQUENCY 5-10 HZ , 5% DAMPING
FREQUENCY 5-10 HZ , 5% DAMPING
FRAGILITY PARAMETER AT FLOOR
TO TRANSFORMER INTERFACE
PREDOMINANT FREQUENCIES:
COOLER UNIT: 7.5, 7.7 HZ.
INTERNAL STRUCTURE: 7.2, 7 6 HZ.
HV PORCELAIN: 8.1, 10.8
PREDOMINANT FREQUENCY FOP ALL
MODES : >10 HZ

PREDGMINANT FREQUENCY FOGR ALL
MODES : >10 HZ,

FREQUENCY 5-10 HZ 5% DAMPING
PREDGMINANT RESFOMSE FREQUENCY
IS 21 HZ. HVAC FANS,

FREQUENCY 4.3 HZ , 9% DAMPIMG
FREQUENCY 4.3 HZ , 5% DAMPING
FREQUENCY 10-830 HZ , 5% DAMPING
PREDOMINANT FREQUENCIES:

MGDE #1 RIGID

MCDE #2 11 HZ.

PERCENTILES ARE FACTORS TIMES
SSE. INSTRUMENT RACKS,
PREDOMINANT FREQUENCIES:

MODE #1 RIGID

MODE #2 11 HZ.

PERCENTILES ARE FACTORS TIMES
SSE. INSTRUMENT RACKS.

FREQ 5-10 HZ , %% DAMPING

FREQ 5-10 HZ , ©% DAMPING

FREQ 5-10 Hz , ©% DAHIPING
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CATNG
27.

27.

27.

30.

30.

30.

30.

30.

31.

31.

31.

o000

0]

0

GRPNG
GRP27B

GRP27C

GRP27D

SMA44
SMA46
SMA47
GRP30A

GRP30B

GRP30C

GRP30D

GRP30E

GRP30F

SMAA48

GRP31A

GRP31B

GRP31C

SMA49

LINE

50

42

42

54

5S4

59

59

59

44

69

69

69

NOTE

PREDGMINANT FREQUENCY 1S

>20 HZ. STRUCTURAL FAILURE
UNLIKELY WITH MODERN DESIGN,
PREDGMINMNANT FREGUENCY FOR ALL
MODES >12 HZ.

THESE MODES GF FAILURE ALSO
APPLY TO BREAKER PANELS,
AUXTILIARY RELAY PANELS,
INSTRUMENT RACKS AND DIESEL
GENERATORS .

PREDOMINANT FREQUENCY FGR ALL
MGDES >12 HZ.

THESE MODES OF FAILURE ALSO
APPLY Td BREAKER PANELS,

AUXILIARY RELAY PANMNELS,
INSTRUMENT RACKS AND DIESEL
GENERATORS.

FREQUENCY 5-10 HZ , 5% DAMPING
FREQUENCY 5-10 HZ , 5% DAMPIMG
FREQUENCY 5-10 HZ 5% DAMPING
PPLDOMINANT RESPENSE FREQUEMCY
IS § - 35 HZ

DAMPING 1S 5%. THIS APPLIES TO
ALL FAILURE MODES.

PREDOMINANT RESPUMNSE FREQUENCY
IS 5 - 35 HZ

DAMPING IS 5%. THIS APPLIES TO
ALL FAILURE MODES.

PREDGMINMANT RESPGNSE FREQUENCY
IS 5 - 35 HZ

DAMPING IS 5Z. THIS APPLIES TO
ALL FAILURE MODES.

PREODOMINANT FREGQUENCIES

MODE #1 10-15 HZ.

MODE #2 29-30 HZ.

MUDE #3 NOT GIVEN

PREDGMINANT FREQUENCIES

MODE #1 10-15 HZ.

MODE #2 29-30 HZ.

MODE #3 NOT GIVEN

PREDOMINANT FREQUENCIES

MODE #1 10-15 HZ.

MODE #2 29-30 HZ.

MODE #3 NOT GIVEN

RIGID

DAMPING IS 5% FOR ALL MGDES,
PREDGMIMAMT FREQUENCY FOR

ALL MGDES >15 HZ.

DAMPING 1S 5% FOR ALL MODES.
PREDEMIMANT FREQUENCY FOR

ALLL MODES >13 HZ.

DAMPING [&8 TZ FOR ALL MADES.
PREBOMIMNMANT FREJIUINCY FIOR

ALL MOnZs »>15 HZ.

FREQUERMCY 5-10 HZ , 5% DAMFIN3
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CATNG

37.

37.

37.

OO O 00000

37.0

39.

39.

39.

DANDMDODN
[ PRI N

0000000 ©

GRPNGO
SMASO
SMAS1
GRP36A
GRP36B

SMAS3
GRP37A

GRP37B

GRP37C

GRP37D
GRP37E
GRP39A

GRP3SB

GRP38C

GRP40A

SMA45
SMASA
SMAS5
SMAS6
SMAS7
SMASS
GRP48A

LINE

Q0

90

a5

20

NOTE

FREQUENCY 5-10 HZ , 5% DAMPING
FREQUENCY 5-10 HZ , 5% DAMPING
FREQ. 4.5-6.5 HZ , DAMP 2%
FREQUEMCY 5-10 HZ , 5% DAMPING
PREDOMINANT RESPONSE FREQUEMNCY
IS 5-10 HZ. FGR All.L MODES.
PREDGMINANT RESPONSE FREQUENCY
IS 5-10 HZ. FGR AlLL MODES
REFEREMCED T& ZPA

PREDOMINANT FREQUENCY FOR
RESPOMSE 8.5 - 11.0 HZ.

DAMPING AT 7%

HVAC DUCTS.

PREDGMI NANT FREOUENCY FOR
RESPONSE 8.5 - 11.0 iz,
DAMPING AT 7%

HVAC DUCTS,

PREDAMINANT FR“OUENCY FOR
RESPONSE 8.5 - 11.0 HZ

DAMPING AT 7%

HVAC DUCTS.

PREDOMINANT FREQUENCY FOR
RESPOMSE 5 - 10 HZ., AlL MODES
PREDCMINANT FREQUENCY FOR
RESPONSE 10 HZ. ALL MODES.
FREQUEMNCIES:

1ST MGDE = 1.5-4.0 HZ.

2ND MODE = 4.%-8.0 HZ,

IN-SITU TESTING., FRAGILITY
PARAMETER AT CIRCUIT BNEAKER
FOOTING. THESE ARE SWITCHYARD
CIRCUIT BREAKERS.

TORSIONMAL FAILURE. MOGDES OF
VIBRATIGN:

18T 2.4 - 3.4 HZ.

2ND 7.8 - 12.2 HZ.

AIR BLAST CIRCUIT BREAKERS.
FRAGILITY PARAMETER AT FLOGR
TO TRAMSFORMER [IMTERFACE
PREDOMINANT FREGUENCIES:
COOULER UNIT: 7.5, 7.7 HZ.
INTERMAL STRUCTURE: 7.2, 7.6 MHZ.
HV PORCELAIN: 8.1, 10.3 HZ.
PREDOMIMNANT RESPERSE FKFQULNCY
20 TO 33 HZ

5-10 HZ | 5% DAMPING

5-10 HZ , 5% BAHPING

FREQUEMCY 5-10 HZ , 5% DAMPING
FREQUEMCY 5-10 HZ , 5% DA?PING
FREAL 5-10 HZ , 5% ULAD Rl
FREQUENMCY 5-10 HZ |, B% DﬁHw
THE TEST WERE MULT TANEN TO
FATLURE,

PREDSMIMANT FREDEIMCIES:
MCGODE #1 9.3 HZ.
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CATNOC GRPNG& LINE NOTE
MGDE #2 21.5 HZ.

49.0 GRPASA 1 FREQ. 1-4 HZ
49.0 SMAS9Q 44 REFERENCED TO ZPA
50.0 GRPSOA 1 FREQ. 7-8 HZ
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G.  GRPRES

Table GRPRES contains the lognormal results for each failure mode in each

generic category along with other pertinent information. It consists of seven
columns as follows:

Column No. Column name Type Contents
1 CATNO Floating A floating point number unique to a

particular description of generic
category or component descriptions
(see Table CATEGORY).

2 DES Character The description of the generic

category or specific component (see
Table CATEGORY).

3 GRPNO Character An identifying code unique to a
particular set of data for a
particular failure mode (see Table

GRPMODE ) .

4 MEDIAN Floating The median of the data assuming
Tognormal distribution.

5 BETA Floating The standard deviation of the natural
logs of the data.

6 PARAM Character The fragility parameter.

7 MODE Character A description of the failure mode.
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1
CATNG DES GRPNG MEDIAN BETA PARAM MODE

8.0 LARGE VERTICAL STUORAGE TANKS W SMAOS 3.597 0.436 PK GD AC G BENDING €F VERTICAL STIFFNER

9.0 iAgGEIﬁéR$;$h¥uﬁ VESSELS GRPOSA 3.912 0.608 FLOOR AC G SUPPORT SYSTEM FAILURE (BOLTS)

10.0 ZMFIIjMFDIUM VESSELS AND HEAT GRF10A 2.079 0.275 ACCEL © RUPTURE OF ANCHOR BOLTS

10.0 & : VESSELS AND HEAT GRP10B 12.769 0.358 ACCEL G STRUCTURAL FAILURE

10.0 VESSELS AND HEAT GRP10OC 2.599 0.452 ACCEL G SUPPORT FAILURE

106.0 VESSELS AND HEAT SMAI10 7.92% 0.599 SP ACCEL G SUPPORT FAILURE

10.0 VESSELLS AND HEAT SMA11 7.171% 0.516 PK ACCEL G SUPPORT ILEG FAILURE

11.0 :“PfLD PIPE SMA12 1.399 0.6801 PK GD AC G BUCKLING AND FRACTURE

11.0 BURIED PIPE SMA13 1.3¢99 0.601 PK GD AC G BUCKLING AND FRACTURE

12.0 REACTOR COGLANT PUMP GRP12A 3.557 0.401 SP ACCEL G FAILURE OF CONNECTIGN TG SUPPGRT LEGS
12.0 REACTOR COGLANT PUMP GRP12B 5.847 0.406 SP ACCEL. G BUCKLING OF SUPPORT LEG

12.0 REACTOR COGSLLANT PUMP SMA14 3.287 0.440 SP ACCELL G SUPPGRT COLUMN BOLTING

12.0 REACTOR COGILANMT PUMP SMA14 3.287 0.440 SP ACCEL G SUPPORT COLUMN BELTING

13.0 EQRGE“VERTLQAL CENTRIFUGAL PUM GRP13A 2,883 0.275 SP ACCEL G RUPTURE OF CONNECTIGNS TGO SUPPOGRT STRUTS
13.0 ﬁﬁPEE‘UFﬁ?}FQLU(tM$RIFUCAL PUM GRP13B 4.933 0.159 SP ACCEL G TENSIILE FAILURE GF SUPPOGRT STRUTS
13.0 :ﬁlugFUIH?;PKL“rémﬁRIFUGAL PUM SMA15 3.490 0.342 SP ACCEL G BENDING OF PUMP CASING

14.0 PAhHiIULm?:pﬁLDPbMﬁ° GRP14A 2.289 0.417 SP ACCEL G RUPTURE OF ANCHOR BOLTS DUE T& LARGE MOM
14.0 LARGE VERTICAL PUMPS GRP14B 4.%577 0.417 SP ACCEL G ESE?UEEOEFV$§£#?ékLIT&?EEECgéEﬂmN
15,0 DRIVEN COMPRESSORS AMD P SMA16 3.190 0.338 ACCEL G IMPELILER DEFLECTION

15.0 DRIVEN COMPRESSGRS AND P SMA16 3.190 0.338 SP ACCEL 6 IMPELLER DEFLECTI®GN

15.0 ,r’ DRIVEM COMPRESSORS AND P SMA17 11.705 0.419 SP ACCEL G MOUNTING BOLT FAILURE

15.0 HHHHR DRIVEM COMPRESSORS AND P SMA17 11.708 0,419 ACCEL 6 MOUMTING BOLT FAILURE

15.06 Hnlgh CRIVEN COMPRESSORS AMD P SMA18 4.665 0.413 Z PRD AC G FLANGE BENDING

15,0 H:’]& \uh GRIVEN COMPMRESSCGRS AMD P SMA19 7.171 0.278 Z PRD AC G SHAFT BEMNDING

15.0 DREIVEN COMPRESSORS AND P SMAR20 8.248 0.318 Z PRD AC G THRUST BFARING FAILURE

15.0 e DRIVEN COMPRESSORS AND P SMA21 39.646 0.304 Z PRD AC G SHAFT DEFLECTIGN

15. 4 Hnuuh DRIVEM COMPRESSORS AND P SMA22 32. 460 0.408 Z PRD AC G GENERIC FUNCTIGN

UMPs
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1
CATNO DES GRPNGO MEDIAN BETA PARAM MODE

16.0 &AETEITOTOR CGPERATED VALVES ( GRP16A 17.305 0.27% SP ACCEL G BREAKS AT WELD ENDS

16.0 LARGE MOTOR OPERATED VALVES (  GRP16B 10.623 0.257 SP ACCEL G RUPTURE OF PIPE SUPPORT AT NOZZLE

16.0 EA%%E'éDTOR OFIERATED VALVES ( GRP16C 7.606 0.314 SP ACCEL G LOSS oF CONTRGOL AIR

16.0 LARGIZ Q@TOR GPERATED VALVES ( GRP16D 11.190 0.358 SP ACCEL 6 ELECTRICAL FAILURE IN ACTUATOR

16.0 gAg%%:@OTOR GPERATED VALVES ( GRP166G 10.591 0.476 PK ACCEL G EgﬁSEB$?OSFTgAbXEVéngé$OR TOP COVER AT

16.0 LARGE MOTGOR OPERATED VALVES ( GRP16H 7.029 0.271 PK ACCEL G FAILURE OF SPRING MECHANISM DUE TO EXCES
> d4IM.) SIVE PLASTIC DEFORMATION

16.0 LARGE MOTOR GPERATED VALVES ( SMAZ23 7.538 0.646 SP ACCEL G DISTORTION OF EXTENDED OPERATOR STRUCTUR

16.0 EAQ&E‘&OTOR CPERATED VALVES ( SMA23 7.538 0.646 PK ACCEL G EISTORT!ON gF EXTENDED OPERATGR STRUCTUR

16.0 EAQ&E'&@TGH GPERATED VALVES ( SMA24 7.316 0.350 SP ACCEL G gIL RESERVOIR HCGLD DOWN BOLTS

16.0 EAQ%E.&OTOR OPERATED VALVES ( SMA25 43.816 0.468 2 PD PK AC GENERIC FUNCTION

17.0 EAéégléELIEF AND CHECK VALVES GRP17C 8.917 0.132 SP ACCEL G DISC BECOMES DISENGAGED

17.0 tAEGgIgE&lEF AND CHECK VALVES GRP17D 12.654 0.130 SP ACCEL G DISC BECUOIMES BOUND

17.0 tA%G% EEKIEF ANMD CHECK VALVES SMAZ6 47 . 465 0.474 Z PD P AC GENERIC FUNCTION

17.0 éA&Gélﬁé&lEF ANMD CHECK VALVES SMAZ6 47 .465 0.474 SP ACCEL G GENERIC FUNCTION

17.0 éAEGE[gELIEF AND CHECK VALVES SMAGO 9.875 0.650 2Z PD PK AC OPERATOR DISTORTION

18.0 éMKLfImi%CELLAMEOUS VALVES ( < GRP18B 15.95¢9 0.620 SP ACCEL G INTERMAL DAMAGE

16.0 SﬁAEL)MISCELLANEGUS VALVES ( < GRP18C 21.5863 0.714 SP ACELL 6 STRUCTURAL FATIGUE

1.0 HgéTZ&MTAL MGTORS GRP19A 12.429 0.360 ACCEL G BINDIMG ©FF ROTATING PARTS

19.0 HOPIZOMTAL MOTORS GRP19B 20. 801 0.27%5 ACCEL G RUPTURE GF ANCHOR BOLTS

20.0 GENERATORS GRP20A 5.948 0.441 SP ACCEL G CONTROL FAILURE

20.0 GENERATORS GRP20OB 5.948 0.441 SP ACCEL 6 OIL LEVEL REGULATAOR

20.0 GENERATORS GRP20C 5.646 0.476 SP ACCEL G ANCHOR BOLT FAILURE

20,0 GEMERATORS GRP20D 10.350 0.279 SP ACCEL G CRAMK3HAFT LOGCK UP

20.0 GEMERATORS SMA28 0.931 0.354 SP ACCEL G RELAY CHATTER

20.0 GENERATORS SMAZ¢e 1.960 0.361 SP ACCEL G FAILED RELAY

20.0 GENERATORS SMAZS 1.960 0.361 SP ACCEL G FAILED RELAY

20.0 GENERATORS SMA30 0.735% 0.397 SP ACCEL G VALVE TRIP
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OPINION

of data as follows:

Column No. Column name
1 0PNO
2 IDENT
3 CAT
4 WE IGHT
5 TEN
6 FIFTY
7 NINETY
8 MODE

Type

Integer

Character

Floating

Floating

Floating

Floating

Floating

Character

Table OPINION contains most elements of the expert opinion data used by
the SSMRP in computing component fragilities.
convenient input into program FRAGSTAT (Ref. 6).

This table was structured for

Contents

A unique number assigned to each
expert opinion.

A ten character code assigned to the

expert to preserve anonymity.

An integer identifying the generic
category of component (see Table
CATEGORY).

The subjective weighting factor
applied to the data.

The estimated 10th percentile

probability of failure value of
fragility parameter.

The estimated 50th percentile
probability of failure value of
fragility parameter.

The estimated 90th percentile
probability of failure value of
fragility parameter.

A description of the failure mode.

85

It consists of eight columns
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MGDE

BINDING OF CONTROL RUODS

DEFORMATION GF GUIDE TUBES

FAILURE @F CORE SUPPORT STRUCTURE
INTERFERENCE BETWEERM MIVING PARTS WITHIN UNIT
BINDING OF CONTRGL. RODE

DEFORMATION OF GUIDE TUBES

FAILURE OF CORE SUPPORT STRUCTURE

SLOW SCRAIM TIME OF CONTRGOL RODS

LIFTING FUEL AND DISARRANGING CORE CONFIGURATIGN
PLASTIC DISTORTION PREVENTING FULL ROD INSERTION
FAILURE OF SKIRT ANCHCR BOLTS

BUCKLING OF SKIRT

CONNECTION BETWEEN SUP. LEG AND S.G. BGDY FAILS
FAILURE OF S.G. LEG ITMBEDMENT lN FLOOR
BUCKLING OF STEAM CEMEIRATOR LI
BUCKLING DUE TGO HORIZONTAL ACCERELATION

STRESS INTENSITY AT VESSEL SUPPORT

NOZZILE RUPTURE

FAILURE OF SKIRT ANCHGOR BOGLTS
BUCKL IMNG OF SKIRT

ATTACHED PIPE FAILURE DUE TO SUPPORT DEFORMATION
NOZZLES

SUPFORTS

TUR I NG

RUPTURE AT PRIMARY INLET OR OUTLET NGZZLE
FAILURE OF TURES IN BUNDLE

FATLURE AT WELDED JOINTS, ESPECIALLY AT NOGZZLES
DUCTILE RUPTURE DUE 70 HANGER/SNUBBER FAILURE
ELBOYW COILLAPSE DUE TO EXCESSIVE FORCES

PIPE SUPRORT RUPTURIZ UR COLLAPSE

EXCESSIVE PIPE DEFORIATION

OPENING A CRACK 1IN AN UNFLAWED PIPE

SUPPORT FAILURE

RUPTURE AT CONMECTIONS DUE TO PIPE OVERSTRESS
PIPE YIELDING

CRACK PROPAGATION RESULTING IN A SMALL LEAK
AMCHOR BOLT FATILURE

FAILUREE AT CONNECTION OF SMAILLL AND LARGE PIPE
SUPPORT FATLURE CAUSINHG LARGE DISPLACEMENTS
JOINT LEAKAGE

PIPE SUPPORT RUPTURE

PIPE FAILURE
YIELDING
SMALL LEAK OR BRANCH CONNECTIGNS BREAKING
LARGE CRACK RESULTING IN LEAK OR SEVERANCE
RUPTURE AT NOZZLE COild, DUE TO SUPPORT FAIL.
FAILURE OF PIPLE SUPFPURTS
OVERSTRESS OF PIPE

RUPTURE AT MOZZLE/EQUIPMENT CONNECTIOGNS
FAILURE OF CONNMECTION AY BUILDING INTERFACE
FAILURE OF FIELD WELDS

JOINT LEAKAGE

PIPE SUPPORT RUPTLURE

PIPE FAILURE

RUPTURE AT NOZZLE COMN., DUE TO COMPONENT FAIL.
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61 5 2.250 3.000 4.000 6.000 SP ACCELL G FAILURE OF PIPE SUPPORTS

62 S 2.250 5.000 6.000 8.000 SP ACCEL G OVERSTRESS OF PIPE

63 S 0.7%0 1.500 1.800 2.500 MOMENT MOMMENT AT NGZZ! ES

64 S 3.000 1.200 2.000 4,000 %YLD MOMNT FAILURE OF COMNMECTION AT BUILDING INTERFACE
65 5 3.000 2.400 4.000 8.000 ZYLD MOMNT FAILURE OF FIELD WELDS

66 3] 3.000 0. o, G. SP ACCEL G SMALL LEAK

67 6 3.000 0. o 0. SP ACCEL G YIELDING

68 6 2.2%0 2.000 3.000 4.000 SP ACCEL G RUPTURE AT NOGZZLE CONN, DUE TO SUPPORT FAIL.
69 ! 5 6 2.250 3.000 4.000 6.000 SP ACCEL G FAILURE GF PIPE SUPPORTS

70 3205051916 6 2.250 5.000 6.000 8.000 SP ACCEL G GVERSTRESS OF PIPE

71 3206010304 6 3.000 1.200 2.000 4,000 YLD MOMNT FAILURE OF CONMECTIGN AT BUILDING INTERFACE
72 3206010304 6 3.000 2.400 4.000 8.000 %YLD MOMNT FAILURE OF FIELD WELDS

73 3207012010 7 2,250 0. 0. G. SP ACCEL G PLASTIC DEFORIIATISN OF VESSELL NEAR SUPPORT Ii.0C.
74 3207012010 7 3.000 1.500 2.400 12.000 %ZYLD MOMNT SMALL LEAK I[N VESSEL AT NOZZLE ATTACHMENT
75 (3207021918 7 2.250 1.000 1.500 3.000 SP ACCEL G RUPTURE OF ANCHOR BOLTS

76 3207021918 7 2.250 1.500 2.000 5.000 SP ACCEL G BUCKLING OF SUPPORT SKIRT OR LEGS

77 3208021917 8 1.500 1.500 2.000 3.000 SP ACCEL G RUPTURE OF ANCHOR BOLTS

78 3202021917 8 1.500 2.300 3.000 5.000 SP ACCEL G BUCKLING OF TANK WALL

79 3203021917 8 1.%500 3.750 5.000 8.000 SP ACCEL 6 TENSILE RUPTURE OF TANK WALL

80 1203011905 8 0.750 0. 0. 0. SP ACCEL G GRGSS STRUCTURAL BUCKLING

81 1208011905 8 0.750 0. 0. o. SP ACCEL G LOGCAL STRUCTURAL BUCKLING

g2 1208011909 8 0.750 0. 0. 0. SP ACCEL G FATIGUE

83 3239011112 g 1.500 1.900 2.720 3.600 FLLOOR AC G SUPPORT SYSTEM FAILURE (BOLTS)

84 3209011111 9 1.500 4.000 6.000 8.000 FLOGR AC G SUPPORT FATLURE (BOLTS)

85 3209021919 10 2.250 1.500 2.000 3.000 SP ACCELL 6 RUPTURE OF ANCHOR BOLTS

86 3209021919 10 2.25%50 2.500 3.000 4.500 SP ACCEL. 6 YIELDING OF SUPPORT SADDLES

87 3210021118 10 2.250 8.000 13.000 20.000 PK ACCELL 6 STRUCTURAL FAILURE

89 3210031119 10 2.250 1.300 2.000 3.500 SP ACCEL G SUPPORT FAILURE

90 3211010301 11 3.000 1.500 3.000 4,000 2 PD PK AC FAILURE AT CONNHECTIGN TG BUILDING INTERFACE
gl 3211010301 11 3.000 2.500 4.000 8.000 zZz PD PK AC FAILURE AT COUPLING

92 3212011911 12 1.500 2.500 3.000 6.000 SP ACCEL FAILURE OF CONMECTION TO SUPPORT LEGS

93 3212011811 12 1.500 4,000 5.000 10,000 SP ACCEL G BUCKLING OF SUFFORT LEG

94 3249011912 13 1.500 2.000 3.000 4,000 SP ACCEL G RUPTURE OF CONMECTIONS TO SUPPGRT STRUTS
g% 3249011912 13 1.500 4,000 5.000 6.000 SP ACCEL G TENSILE FAILURE OF SUPPCORT STRUTS

96 3215011302 14 2.250 0. 0.500 0. SP ACCEL G FAILURE OF HOLD DOWN BOLTS

97 3215011302 14 2.2%50 0. 0.500 o8 SP ACCEL G OVERSTRESS AT NOZZLE

98 3215011302 14 2.2%0 0. 2.000 0. SP ACCEL G ROTGR SEIZURE

99 3213011920 14 2.2%0 1.500 2.000 4.000 ACCEL G RUPTURE OF ANCHOR BOLTS

100 321301192 14 2.2%0 3.000 4.000 8.000 ACCEL G RUPTURE OF VERTICAL INTAKE CGLUMN

101 12430 1403 14 2.250 1.500 2.000 2.500 SP ACCEL. G INTERNAL ROTOR SEIZURE

102 1248021403 14 2.250 2.000 2.500 3,000 SP ACCEL G FAILURE OF SUPPGRT STRUCTURE CR BOLTING
103 1248021403 14 2.250 0. 0. 0. SP ACCEL G INTERMAL SEIZURE DUE 7O LOSS OF FLUID

104 1215041401 15 2.250 1.300 1.500 2.000 FOGRCE/MOMT INTERNAL SEIZURE OF ROTOR

105 1215041401 15 2.25%0 1.500 2.000 2.500 FOGRCE/MOMT FAILURE OF DRIVE SHAFT COUPLINGS

106 1215041401 15 2.250 2.000 2.500 3.000 FOGRCE/MOMT BREAK OF HOLD DOWN BOLTS-SHEAR PINS

107 32135011302 15 3.000 0. 0.500 0. SP ACCEL G HOLD DOWN BOLTS DBREAK

108 3215011302 1% 3.000 o. 0.500 o SP ACCEL 6 OVERSTRESS AT NOZZLE

109 3215011302 15 3.000 0. 2.000 0. SP ACCEL G ROGTOR SEIZURE

110 1215081808 15 2.250 0. 0. O. SP ACCEL G SYSTEM INLET, OUTLET NGZZILE CONNECTION
111 12150518603 19 2.250 o. 0. 0. SP ACCEL G ANCHOR BOLT LOQCOSENING

112 1215051803 15 3.000 0. 0. 0. SP ACCEL. G MALFUNCTION OF SYSTEM VALVES

113 3217011116 16 3.000 50.000 80.000 120.000 SP ACCEL 6 STRUCTURAL FAILURE

1174 3216031116 16 3.000 5,000 15.000 40.000 SP ACCEL 6 STRUCTURAL FAILURE

115 3216041117 16 3.000 8.000 20.000 40,000 SP ACCEL 6 FAILURE OF STRUCTURAL MEMBERS

116 1316022602 16 3.000 9,000 12.000 18.000 SP ACCEL G STEM AND BONNET FAILURE
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117 1116050201 16 3.000 8.250 10.500 13.500 SP ACCEL G MECHANICAL BINDING OF THE VALVE

118 1318022602 16 3.000 15.000 18.000 24.000 SP ACCEL G FUNCTIONAL FAILURE OF INTERNALS

119 3216031922 16 2,250 6.000 8.000 12.000 SP ACCEL G DEFORMATIOM OF VALVE STEM GR YOKE

120 1217032001 16 3.000 9.000 15.000 18.000 SP ACCEL G ACTUATOR COMI'OMENTS FATLL AND JAM

121 1118050201 16 3.000 7.%500 9.000 12.000 SP ACCEL G LO5S OF ELECTRICAL CONIROLS OR EI_LECTRICAL COMPONEN
122 1216091804 16 2.2%0 5.000 8.000 11.000 SP ACCEL G LG3S OF CONTROL AIR

123 3zi16031u22 16 2.250 8.000 10.000 15.000 SP ACCEL G RUPTURE OF PIPE SUPPGRT AT NOZZLE

124 13160226 16 3.000 12.000 18.000 24.000 SP ACCEL G BREAKS AT WELD ENOS

125 1217C 0 16 3.000 8.000 195.000 18.000 SP ACCEl. G ELECTRICAL FAILURE IN ACTUATOR

126 1217 16 3.000 9.000 15.000 18.000 SP ACCEL G FAILURE OF MAJOR ACTUATOR/VALVE COMPOGNENT
127 1116 2 16 0.750 6.750 7.500 12.000 SP ACCEL G LOSS OF PIPE ANCHORAGE

128 3216 02 16 3.000 6.000 10.000 20.000 SP ACCEL G FRACTURE OF ACTUATUR COVER AT VALVE BGDY
129 3216 16 3.000 5.000 7.000 10.000 SP ACCEL G FAILURE OF SPRIMG MECHANISM

130 1117 Pt 17 2.250 7.500 9.000 10.500 SP ACCEL G DISC BECOMES DISEMGAGED

131 1117 202 17 2.250 11.250 12.000 15.000 SP ACCEL G DISC BECOMES BGUND

132 3118021106 18 3.000 10.000 12.000 15.000 SP ACCEL G LEAKAGE

133 3118070403 18 3.000 6.600 7.800 10.800 SP ACCEL G INTERMAL SEAT LEAKAGE

1834 3118021106 18 3.000 12.000 15.000 20.000 SP ACCEL. G GAULING OF STEM

135 1218081802 18 1.500 6.000 7.500 8.500 SP ACCEL G STEM BINDING

136 3218011101 18 3.000 15.000 30.000 50.000 SP ACCEL G [INTERNAL DAMAGE

137 111&00050J 18 1.500 10.500 12,000 14.250 SP ACCEL G MECHANICAL BINDING OF THE VALVE

138 3218 18 3.000 10.000 18.000 30.000 SP ACCEL G STKRUCTURAL FAILURE

139 3118 18 3.000 12,000 15.000 20.000 SP ACCEL 6 STRUCTURAL FATIGUE AT NECK

140 1218 ’ 18 3.000 12.000 18.000 24.000 SP ACCELL G TOP STRUCTURE GF VALVE

141 321 18 3.000 20.000 50.000 100.000 SP ACCEL G FRACTURE OF VALVE BODY

142 311 18 3.000 9.000 10.200 12.000 SP ACCEL G OPERATOR ACCESSORY MALFUNCTION

143 1118 18 1.500 10.500 12.000 13.500 SP ACCEL G LGSS OF PIPE ANCHORAGE

144  111¢& 18 1.500 9.000 10.500 11.250 8P ACCEL G LOSS GF VALVE CGMNTROLS

145 321 ) 18 3.000 8.000 10.000 20.000 SP ACCEL G FAILURE OF VALVE ACTUATGR

146 311 1 18 3.000 12.000 15.000 18.000 SP ACCEL G OPERATOR MALFUNCTIGN

147 321 < 19 1.500 8.000 12.000 20.000 SP ACCEL G BINDING OF ROTATING PARTS

148 32 9 19 1.500 15.000 20.000 30.000 SP ACCEL G RUPTURE OF ANCHOR BOLTS

149  412¢ =003 20 1.020 4.000 8.000 10.000 SP ACCEL G CONNECTION BETWEEM CONTROL PANEL AND ENGINE
150 3220051923 20 0.750 3.000 5.000 8.000 ACCEL G MALFUNCTION OF CONTRGOL SYSTEM

151 4120042009 20 1.000 4.000 8.000 10.000 SP ACCEL G OIL LEVEL REGULATOR

153 322 0011|14 20 2.250 3.000 6.000 10.000 FLOOR AC G ANCHOR BOLT FAILURE

154 32 20 2.250 7.400 10.000 15.000 FLOOR AC G CRANKSHAFT LOCK UP

155 3 20 0.750 5.000 8.000 10.000 ACCEL G RUPTURE OF ATTACHED OIL LINES

156 G 21 2.250 1.500 2.000 4.000 ACCEL G FAILURE OF BATTEMNS

157 3 21 2.250 3.000 4,000 8.000 ACCEL G LONGI TUDIMAL FAILURE OF FRAME

158 3 21 3.000 15.000 20.0600 30.000 ACCEL G SUPPORT 3TAND FAILURE

159 3 21 3.000 15.000 20.000 30.000 ACCEL G CASE BUWAKAGE DUE TO A BAD STAND

160 31: 21 3.000 25.000 30.000 35.000 ACCEL G CASE BREAIAGE WITH GGOD STAND

161 1 22 3.000 1.500 2.500 4,000 SP ACCEL G SPURIOQUS OPERATION OF A PROGTECTIVE RELAY
162 1 22 3.000 2.000 3.500 4,000 SP ACCEL G STRUCTURAL FAIILURE

163 41: 22 0.28%0 . 2.000 0. SP ACCEL G CONTACT ALLIGNMENT

164 41 22 1.000 2.000 2.000 4,000 SP ACCEL G SUPPORT AMCHORAGCE OGF UNIT

185 132 22 3.000 1.000 2.000 3.000 SP ACCEL G SPURIOUS GPERATION OF A PRGTECTIVE RELAY
1866 1 2;040601 22 3.000 2.000 3.000 3.500 SP ACCEL G STRUCTURAL FAITLURE

167 3222011103 39 3.000 0.400 0.750 1.500 SP ACCEL G FRACTURE OF PORCELAIN INSULATGR COLUMNS
163  31: 31904 22 3.000 10.000 15.000 25.000 SP ACCEL G CHATTER OF CONTACTS

169 3122081404 22 3.000 15.000 20.000 30.000 SP ACCELL 6 STRUCTURAL AMNCIHORING OF CABINET BASE

170 3122031904 22 3.000 20.000 25.000 30.000 SP ACCEL 6 STRUCTURAL MOUNTING OF COMPONENTS IN CABINET
171 1322000602 22 3.000 1.500 3.000 5.000 3P ACCEL G SPURIOUS OFERATION OF A PROTECTIVE RELAY
172 1322060602 22 3.000 3.000 5.000 6.000 SP ACCEL G STRUCTURAL FAILURE
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173 1.500 0.400 0.600 1.000 SP ACCEL 6 CGOLLER UMIT PIPE FAILURE AND OIL LOSS
174 1.500 0.5%500 1.000 2.000 SP ACCEL G INTERMAL STRUCTURAL FAILURE
175 1.500 0.600 1.250 2.500 SP ACCEL 6 FAILURE OF FONCELATN HV BUSHINGS
176 1.500 2,000 3.000 5.000 SP ACCEL G RUPTURE OF ANCIIOR BOLTS
177 1.500 4.000 5.000 8.000 SP ACCElL. 6 FAILURE OF SUPPORT FRAME
178 1.500 4.000 5.000 8.000 SP ACCEL G ELECTRICAL MALFUNCTION
179 1.500 4.000 6.000 10,000 FLGOR AC G STRUCTURAL FAILURE
180 3.000 1.300 2.000 3.000 FLOGR AC G INSTHRUMENT FAILURE
181 3.000 3.000 5.000 8.000 FLOOR AC G WELD FAILURE
152 3.000 3.000 5.000 8.000 SP ACCEL G RELAY CHATTER
183 3.000 12.000 15.000 25.000 ACCEL G CHATTER OF CONTACTS
184 3.000 0.730 2.530 5,910 SP ACCEL G
145 3.000 12.000 20,000 30.000 ACCEL G COMPONENT MALFUNCTION
186 3.000 8.980 15.700 22.420 SP ACCEL G
187 3.000 20.000 2%.000 35.000 ACCEL G STRUCTURAL MOUNTING OF CABINETS
188 3.000 20.000 25.000 30.000 ACCEL G STRUCTURAL MOUNTI MG OF COMFINENTS
189 3.000 6.000 10.000 12.000 SP ACCEL 6 RELAY CHATTER
100 3,000 8.000 10.000 15.000 SP ACCEL G LOOSENING OF FASTFNERS
191 3.000 8.000 10.000 15.000 SP ACCEL G BASE STRUCTURAL FATIGUE
192 3.000 9.000 12.000 15.000 SP ACCEL G SIGNAL DRIFT
193 3.000 10.200 13.200 18.000 SP ACCEL G CONTACT CHATTER
194 3.000 10.800 18.000 24.000 SP ACCEL G SET POINT DRIFT
183 3.000 10.000 15.000 25.000 SP ACCELL G CHATTER OF CONTACTS
199 3.000 15.000 20.000 30.000 SP ACCEL G STRUCTURAL AMNCHORING OF CABINET BASE
700 3.000 20.000 25.000 30.000 SP ACCEL G STRUCTURAL MOUNTING OF COMPONENT IN CABINET
201 3.000 7.200 9.000 12.000 SP ACCEL G DISLODGING GF AIR DUCT BLANKING CLIPS
202 3. 000 1.200 2.000 3.500 SP ACCEL 6 FAILURE AT COMNECTION 10 BUILDIMNG INTERFACE
zQ¢ 3.000 2.000 3.000 6.000 SP ACCEL 6 FAILURE OF FIELD WELDS
3.000 1.200 2.000 3.500 $P ACCEL 6 FAILURE AT CONMECTION TO BUILDING INTERFACE
3.000 2.000 3.000 6.000 SP ACCEL 6 FAILURE OF FIELD WELDS
3€ 1.500 2.000 3.000 5.000 SP ACCEL G FAILURE OF SUPPOKTS
: 1.500 4.000 5.000 10.000 SP ACCEL G RUPTURE OF PARTS BETWEEN SUPPORTS
3 3.000 5.000 7.000 10.000 SP ACCEL G CORNER TEARING
' 3. 000 8.000 10.000 16.000 SP ACCEL G SUPPURT FAILURE
37 3.000 §.000 10.000 16.000 SP ACCElL. G JOINT SEPARTION
37 1.500 3.000 4,000 6.000 SP ACCEL G SUPPORT FAILURE
37 1.500 5.000 6.000 10.000 SP ACCEL 6 RUPTURE OF DUCT BETWEEN SUPPORTS
37 1.500 2.000 4.000 10.000 SP ACCEL G JGINT SEPARTION
3 37 1.500 2.300 5.000 12.000 SP ACCEL G DUCT AMNCHOR AND SUPPGRT FAILURE
$ 3 37 1.800 5.000 10.000 15.000 SP ACCEL 6 CGROSS BENDING FIRi
1 G 37 3,000 2.000 2.5%00 3.000 SP ACCEL G CORNMNER CRIPPLING
1 6 37 3.000 2.200 3.000 3.500 SP ACCEL G DUCT SUPPFORT FATLURE
218 08 37 3.000 2.500 3.300 4.000 SP ACCEL G DUCT RUPTURE
219 138 38 0.750 1.200 1.500 1.800 LOADS WELD FAILURE AT EMBEDMENT TO CLEVIS JUNCTURE
220 1 38 0.750 1.600 2.000 2.800 LOADS TENSILE FATLURE 1IN PISTON ROD
221 3 a2 39 3.000 0.180 0.250 0.500 SP ACCEL 6 RUPTURE OF GASIKKE)N SEALS, VENTING OF CONDUCTING GAS
222 3 2021104 39 2. 000 0.250 0.300 0.600 SP ACCEL G FRACTURII OF PORCELAIN INSULATION COLUMNS
223 1 140404 48 3.000 7.000 8.000 10.000 SP ACCEL 6 PIPE DEFORNHATION
24 A1 40011120 50 0.750 0.130 0.280 0.500 SP ACCEL G DESTRUCTION OF SIHIEAR CONHECTION BETWEEN MODULES
245 SMAMOOON37 23 3.000 7.950 13.400 18.8%0 SP ACCEL G STRUCTLIRAI. FATL IR
226 49 3.000 0. 400 0.580 0.750 SP ACCEL G FRACTURE OF PORCELAIN ITNSULATION
227 49 3.000 c.110 0.250 0.280 SP ACCEL G FRACT. GF PORCELLAIN ITNSUL. (JAPANESE COMP.)



I. OPNOTES

Table OPNOTES contains additional information related to various expert
opinions, such as the predominant frequencies related to the estimated
spectral accelerations, limitations in the application of the estimates, etc.
It consists of four columns as follows:

Column No. Column name Type Contents

1 LINE Integer A reference line number.

2 IDENT Character A ten character code identifying the
particular expert (see Table OPINION).

3 CAT Integer An integer identifying the generic
category of component (see Table
CATEGORY).

4 NOTE Character The notes pertinent to the identified

expert opinion.
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OPNOTES

LINE [DENT CAT NOTE

1 32010319186 1 PREDGMINANT FREQUENCIES MGDE #1,3HZ;
MODE #2,3 HZ; AND MGDE #3,5 HZ.
PRECENTILES INCLUDE LOCA.
PWR, ALL MODES.
FUNCTIGNAL FAILURE
ALL MODES. FRAGILITY PARAMETER ACCELERATION
AT CORE SUPPORT ATTACHMENT
TG REACTOR VESSEL,

10 4101022009 1 PREDOMINANT FREQUENCY, 3-5 HZ;
BWR, FUNCTIOMAL FATLURE.

13 3201041907 1 ALL MODES: PREDOMINANT FREQUENCY
gﬁgEaz#1,3 HZ; MGDES #2,3 HZ; MCODES #

ALL MODES PRECENTIILES INCLUDE LOCA,.
BWR, ALL MODES. FUMCTIGMAL FAILURE

; ALL MODES
ACCEILERATION INDUCED DISPLACEMENTS
21 3201012005 1 PREDGMINAMT FREQUIEMNCY GIVEIlI FOR MOOE

#1 ONLY AND IT IS 4-10 HZ.

BWR, ALL MODES.

FUNCTIONAL FAILURE ALL MODES.
26 3202032004 2 POGCL TYPE REACTOR VEISEL (L1

PREDOMINANT FREQULINCIES, MOD

MODE #2-7.5 HZ

Q. 33DIUM)
o4 1-7 HZ

MODES #3---
PRESS. BOUND FAIL; ALL MODES,
32 3202051909 2 ALL MGDES: PREDOMINANT FREQUEMCIES,
MARK 11 9-15 HZ,MAPK 1l 3-5 HZ,
MARK 11 & 111 REFER T GE BWR CONTAIN-
MENTS PRESS B0UND FAIL.
ALL MODES.
38 3202041908 2 PERCENTILES INCLUDE EFFECTS OF ALL LOCA.

PREDOMINANT FREQUENCY 15 HZ.
PRESS. BOUND. FAILURE.
42 3202071913 2 PRESSURI ZER.
%SSHHQODE° PREDOMINANT FREQUENCY,
PERCENTILES INCLUDE LOCA,
PRESS, BOUND. FAIL; ALL MODES.
48 3202061910 2 STEAM GENERATOR .
ALL MODES: PREDOMINANT FREQUENCY 7.5 HZ
ALL MODES: VERTICAL
DIRECTION ACCELERATION
PRESS. BOUND. FAIL; ALL MODES.
54 3202022002 2 STEAM GENERATOR ALL MODES:
PREDGMIMANT FREQUENCTES :MIDES # 1 10-30 HZ
MODES # 2 RIGID
MODES # 3 20-100 HZ.

PRESS. BOUND, FAIL; ALL MODES,
60 3202011108 2 STEAM GEMERATOR. o&TH MODT
PREDOMIMAMT FREOULHCY, 10-1
MODE #1 FACTORS TIH& 3Y > R
PRESS. BOUMD, FATL: ALL MI©S,
G6 1303022601 3 ALL MODES: PREDGMIANT FREVUINCY 25-50 HZ
ALL PERCENTILES ARE FACTOR TIME SSE
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70

77

83

86

89

94

o8
101

105

IDENT
320303200686

1303010502

3204032013
3204041815
3204011109

3204020302

3205051916
3205011110

3205020303

3205051916
3206010304

3207012
3207021
3208021
3239011

320801111
3208021919

3210021118
3210031119
3211010301
3212011911

3249011912
3215011302

01
9
S
1

0
18
17
12
1

3213011920

CAT

NOTE

PRESS, BOUND. FAIL; ALL MODES.

ALL MODES: PREDOMINANT FREQUENCY 5-25 HZ.
BWR PIPING PRESS. BGOUND. FAIL; ALL MODES.
% OF ALLOWABLE PER ASME CODE SEC IIl EQ. 9
PERCENTILES: FACTOR TIMES SSE

PREDOMIMNANT FREGQUENCIES

MODES#1 AND #2, 8-30 HZzZ.;

MODE #3, 2-5 HZ.

PRESS. BOUND. FAIL; ALL MODES.

FRAGILLITY PARAMETER 1S YI1ELD MOMENT
PREDOMINANT FREQ. >2 HZ.

ALL MODES: PREDOMINANT FREQUENCY, 4-8 HZ,
PRESS., BOUND. FAIL; ALL MODES.
PREDOMINANT FREQUENCY, 10-30 HZ.
FRAGILITY PARAMETER IS YIELD MOMENT TIMES
PERCENTILE FACTOR. PRESS., BOUND. FAIL;

ALL MODES,
PREDOMINANT FREQUENCY, ALL MGDES 2-10 HZ.
MGDES.

PRESS., BOUND. FAIL; ALL
% OF YIELD MOMENT.,

ALL MODES: PREDOMIMANT FREQUENCY, 4-10C HZ.
PRESS. BOUND. FAIL; ALL MODES.

PREDOMINMANT FREQUENCY 10-30 HZ.

PRESS. BOUND. FAIL; ALL MODES.
PERCENTILES; FACTOR TIMES YIELD MOMENT.
ALL MODES: PREDCMIMANT FREQUENCY 2-10 HZ.
PRESS. BOUND. FAIL; ALL MGDES.

% OF YIELD MOMENT.

ALL MODES: PREDOMINANT FREQUENCY 4-10 HZ.
PRESS. BOUND. FAIL; ALL MODES.

ALL MODES: PREDOMIMANT FREGQUENCY 2-10 HZ.
PRESS BOUNDS. FAIL; aLL MADFES.

% OF YITELD MOMENT.

PREDOMINANT FREQUENCY MGDE #1, 6 HZ.
PERCENTILES: FACTOR TIMES YIELD MOMENT.
ALL MODES: PREDOMINANT FREZQUENCY 4-10 HZ.
ALL MODES: PREDOMINANT FREQUENCY 3-8 HZ.
PREDGMINANT FREQUENCY: 12 TO 20 HZ.

DIESEL FUEL TANK.

PREDCOMINANT FREQUENCY: GREATER THEN 12 HZ,
BOTH MODES: PREDGCMINANT FREQAUENCY 15-30 HZ.
HORIZONTAL TANK AND HEAT EXCHANGSERS.
PREDUMINANT FREQUENCY: GREATER THEN 20 HZ.
SMALL VESSELS.

PREDGMINANT FREQUEMNCY: 25-45 HZ.

SMALL MEDIUM HEAT EXCHANGERS.

PERCENTILES IN TERIMS GF PZAK GROUND
ACCELERATION.

BOTH MODES, PREDOMINANT FREGUENCIES: 4.5 HZ.
PERCENTILES INCLUDE LGCA.

PREDOMIPIANT FREQUENCY 4.5 HZ. ALL MODES.
PERCENTILE: B50% OF Y. 8.

PERCENTILE: 50% OF Y, .

PERCENTILE: FACTOR TIMES S8k

BOTH MODES: PREDGMIMAMT FREMUENCY, 3HZ.
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LINE IDENT CAT NOTE

PERCENTILE 90 1S TENTATIVE

152 1248021403 14 PERCENTILE: FACTOR TIMES SSE
PREDOMINANT FREQUENCY >33 HZ.
FOR MGDES #1 AND #2.
FAILURE IN THIS MODE DEPENDS ON
ASSOCIATED PIPING SYSTEM

158 1215041401 15 ALL MODES: PREDOMINANT FREQUENCY RIGID.
PERCENTILES: FACTOR TIMES SSE
SPECIFIED LOADS

162 3215011302 15 ALL MOGDES: FREQUENCIES, HGORIZOGNTAL 33 HZ.
VERTICAL 1-33 HZ.
PERCENTAGES PERCENT OF NGZZLE LOADS.
PERCENTILES FOR MODE #3: FACTOR TIMES
SSE LOADS.

168 1217032001 16 ALL MODES. PREDGMINANT FREQUENCY RIGID.

BALL VALVE WITH ACTUATOR ANMD

LEGGIC CABINET

PREDGMINANT FREQUENCY > 15HZ.

TG RIGID.,

PREDOMINANT FREQUENCY, RIGID.

PREDGMINANT FREQUENCY > 20 HZ.

GATE AND GLOBE VALVES.

PREDCMINANT FREQUFNCY MGD

#1 ABOVE 33 HZ.; MODE #2 8 20 HZ.

MODE #3 ABGVE 27 HZ.

184 1316022602 16 PREDGMINANT FREQUENCY:
MGDE #1, 10-20 HZ.
MODE #2, 30-50 HZ.
MODE #3, 30-50HZ.

172 321603111

175 321701111
177 321604111
179 111605020

—

6
6
7
1

A0 O

189 . 3216031922 16 ALL MODES: PREDOMINANT

FREQUENCIES 2-10 HZ.
192 1216091804 16 S?EIERFLY VALVE PREDGMINANT FREQUENCY:
195 3216011102 16 PREDGMINANT FREQUENCY:

MGDE #1 VALVE ACTUATOR 27.7 HZ.
MODE " SPRING MECHANISM 10-12 HZ.
RUGGILES KLINGEMAN TRIP VALVE.

200 1117020202 17 PREDGMINANT FREQUENCIES
BOTH MGDES: RIGID

205 3118021106 18 PREDGMIMANT FREQUENCIES ARE 20-30 HZ.
DAMPING IS 5%

208 1118050203 18 AVERAGE

CAPACITY 8-10 G'S,
PREDGMINANT FREQUEMCY: RIGID ALL MODES.
GATE, GLGNE AND CHECK VALVES.

213 3218041115 18 ?gEE?E{NANT FREQUENCIES ARE >20 HZ.
216 3218011101 18 PREDOMINANT FREQUENCIES ARE

MCDE #1 23-50 HZ.
MGDE #2 > 50 HZ.
MGDE #3 > HZ.

221 3118070403 18 PREDGMINANT FREQUEMNCIES
MGDE #1 12 TG 15 HZ.
MODE #2 17 TGO 21 HZ.
MGDE #3 27 TO 35 HZ.
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LINE
226

230
233

238
241
244
247
250

20

27
30
33

39

IDENT
1218081802

3219041921

4120042009

3220051923
8220011114
3221041923
3121011902
1322050602

4122082008

1322040601
3222011103

3122031804

1322060602

3223021105

3223051924
3219021113
3226022003

1327022001

CAT
18

19

20

20
20
21
21
22

22

22
39

22

22

39

23
24
26

27

NGTE

PREDOMINANT FREQUENCY IS
> 40 HZ., Tg 140 HZ.

GLOBE VALUE

PREDOGMINANT FREQUENCIES ARE
> 33 HZ

PREDOMINANT RESPONSE FREQUENCIES:

1ST MOGDE 7.0 T8 20.6 HZ.
2ND MODE 8.3 TG 13.8 HZ,
DIESEL GENERATORS.

PREDOMINANT RESPONSE FREQUENCIES:

DIESEL. GENERATORS.

PREDOMINANT RESPONSE FREQUENCIES:

DIESEL GENERATGRS.

PREDOMINANT FREQUENCY 1S >25 HZ.

BATTERY RACKS

PREDOMINANT FREQUENCY >15 HZ.

DC POWER BATTERIES.

FREQUENCIES:

SIDE TO SIDE = 6-11 HZ

FRENT T®& BACK = 16-20 HZ.

VERTICAL = >30 HZ.

26" WIDE METALCLAD SWITCHGEAR.

FREQUENCY :

HﬁRIZGNAL = 5,6 HZ. 10.86
16.5 HZ. (X) AND 7.8 HZ.
(Y) VERTICAL =RIGID.

36" WIDE METALCLAD SWITCHGEAR.
FREQUENCIES:
1ST MODE = 1.5-4.0 HZ.

2ND MODE = 4,5- 8 0 HZ.
PREDOMINANT FREQUENCTES FBR ALL

MODES >15 HZ.

RESPONSE IS WITH DAMPING ©F 5 %
POWER VAC METALCLAD SWITCHGEAR.
PREDGMINANT FREQUENCIES

SIDE TQ SIDE = 6 - 11 HZ.

FRONT TGO BACK = 16 - 20 HZ.

VERTICAL = > 30 HZ.

FRAGILITY PARAMETER AT FLOOR

TO TRANSFORMER [INTERFACE
PREDOMINANT FREQUENCIES:
COOLER UNIT: 7.5, 7.7 HZ
INTERNAL STRUCTURE: 7. 2,'7.6 HZ.
HY PORCELAIN: 8.1, 10.8 HZ
PREDOMINANT FREQUENCY FOR ALL

MODES: >1Q HZ.

PREDOMI NANT RESPONSE FREQUERNCY
IS 21 HZ. HVAC FANS

PREDOMINANT FREQUENCIES:

MODE #1 RIGID

MODE #2 11 HZ.

PERCENTILES ARE FACTORS TIMES
SSE. INSTRUMENT RACKS
PREDOMINANT RESPGNSE FREQUENCY
20 Td 33 Hz
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LINE IDENT CAT NOTE

42 3126011903 27 PREDCMIMANT FREQUENCY FOR ALL
MGDES >12 HZ.
THESE MGDES OF FAILURE ALSO
APPLY TO BREAKER PANELS
AUXILIARY RELAY PANE
INSTRUMENT RACKS AND DIESEL
GENERATORS.

50 3127031901 27 PREDGMINANT FREQUENCY IS
>20 HZ. STRUCTURAL FAILURE
UNLIKELY WITH MODERN DESIGN.

S4 3130011107 30 TgEg®N+§gNaZRESPGNSE FREQUENCY
DAMPING 1S 5Z%. THlS APPLIES TUO
ALL FAILURE MODE

59 3130020401 30 PREDGMINANT FREOUENCIES
MODE #1 10-15 HZ.
MGDE #2 29-30 HZ.
MODE #3 NOT GIVEN

65 3122031904 31 DAMPING 1S 5% FOR ALL MODES.
PREDGMINMANT FREQUENCY FOR
ALL MODES >15 HZ.

69 3131011804 31 DAMPING [S 5% FOR ALL MODES.
PREDGMINANT FREQUENCY FOR
ALL MODES >15 HZ.

77 3236010305 36 PREDGMINANT RESPONSE
FREQUENCY 1S 1-5 HZ. FOR ALL MODES
PERCENTILES ARE PERCENTAGES
OF DES{GN SSE SPECTRUM,.

82 3237020306 36 PREDGOMI NANT RESPONSE
FREQUENCY IS 1-5 HZ. FOR ALL MODES
PERCENTILES ARE PERCENTAGES
GF DESIGN SSE SPECTRUM,

87 3236021925 36 PREDGMINANT RESPONSE FREQUENCY
IS 5-10 HZ. FOR ALL MODES.

80 21370351404 37 PREDGMINANT FREQUENCY FOR
RESPONSE 8.5 - 11.0 HZ.
DAMPING AT 7%

HVAC DUCTS.

95 3237061926 37 PREDGMINANT FREQUENCY FOR
RESPGONSE 5 - 10 HZ. ALL MODES

98 3237021118 37 PREDGOMINANT FREQUEMCY FOR
RESPONSE 10 HZ. ALL MODES.

101 6137041201 37 PREDGMINANT FREQUENCY FOR

RESPGNSE 15 - 20 HZ. ALL MODES.
PERCENTILES: FACTOR TIMES SSE.
A FRAGILITY CURVE WAS INCLUDED
WITH THIS QUESTIONAIRE.

107 1337010501 38 THESE NUMBERS ARE THE
MULTIPLICATIVE FACTOR OF
THE UNIT RATED LOAD.

111 3222021104 39 IN-SITU TESTING. FRAGILITY
PARAMETER AT CIRCUIT BREAKER
FOBTING., THESE ARE SWITCHVARD
CIRCUIT BREAKERS.
TORSIGNAL FAILURE. MODES OF
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LINE

121

127

131

IDENT

1205040404

4150011120

BLANK

CAT

48

50

NOTE

VIBRATION:

1ST 2.4 - 3.4 HZ.

2ND 7.8 -~ 12.2 HZ.

AIR BLAST CIRCUIT BREAKERS.
THE TEST WERE NOT TAKEN TO
FATLURE.,

PREDOMINANT FREQUENCIES:
MODE #1 9.5 HZ.

MODE #2 21.5 HZ.
RESPONDENT INDICATED GGGD
CONFIDENCE IN RESPONSE.
;REDSM#QANT FREQUENCY :
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J. PIPE

Table PIPE contains load scale factors for various pipe elements other

than branches.

columns as follows:

Column No. Column name Type
1 LINE Integer
2 SIZE Floating
3 SCHED Character
4 MAT Character
5 TEMP Floating
6 ELBOW Floating
7 MITER Floating
8 RUN Floating
9 WELD Floating

(See Table BRANCH for branch elements.) It consists of nine

Contents
A reference line number.
The nominal pipe diameter (in.).
The pipe schedule.

Material: SS = Stainless Steel,
CS = Carbon Steel

Temperature (OF).

Scale factor for elbow.
Scale factor for miter joint.
Scale factor for pipe run.

Scale factor for butt weld.
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PIPE

LINE SIZE SCHED MAT TEMP ELBGOW MITER RUN
1 0.50 1860 8S 300. 492.00 0. 298
2 0.75 160 8§ 300. 259.00 0. 157
3 1.00 160 SS 300. 138.00 0. 83
4 2.00 1860 S8 300. 27.70 0. 43,
5 2.00 40 SS 500. 107.00 0. 37.
6 3.00 180 CS 100. 4.80 0.

7 3.00 160 CS 140 4.93 0.
8 3.00 160 SS 300 9.85% 0.
9 3.00 160 CS 556 6.24 0.
10 4,00 408 8§ 200 15.81 0.
11 4,00 408 SS 300 17.865 0.
12 4,00 408 SS 500 20.54 0.
13 4.00 140 CS 140 3.35 0.
14 4,00 140 SS 300 6.47 0.
15 4.00 140 SS S35 7.72 0.
16 4.00 160 S8 300 4.87 0.
17 4.00 160 SS 535 5.97 0.
18 6.00 120 CsS 100 1.27 0.
19 6.00 40 CS 100 3.77 0.
20 6.00 120 CsS 140 1.30 0.
21 6.00 160 cCs 100. 0.86 0.
22 8.00 40 csS 100, 2.09 0.
23 8.00 408 S8 2090 3.92 0.
24 8.00 40S SS 300 4.36 0.
25 8.00 408 SS 350 4.47 0.
26 8.00 40S S8S 400 4.58 0.
27 8.00 408 S8 500 5.04 0.
28 8.00 140 88 535 1.16 0.
29 8.00 160 SS 935 0.99 Q.
30 8.00 160 §S 585 1.03 0.
31 10.00 40 CS 100 1.26 2.21
32 10.00 40S SS 400 2.74 Q.
33 10.00 160 SS 535 0.51 0.
34 12.00 SwW ¢S 100 0.95 0.
35 12.00 40S SS 200 1.78 0.
36 12.00 408 SS 300 1.98 0.
37 12.00 408 SS 500 2.30 0.
38 12.0 SS 400 1.83 0.
39 14.00 TN=.375 CS 100 0.84 1.47
40 14.0 CS 100 0.64 0.
41 14.00 40 SS 400 1.42 a.
42 14.00 160 SS 400 0.23 0.
43 14.00 160 SS 585 0.26 0.
44 16.00 120 CS 140 0.1 0.
45 16.00 120 Cs 556 0.14 0.
46 18.00 SW cS 100 0.59 0.
47 18.00 S SS 200 1.11 0.
48 18.00 SW SS 300 1.24 Q.
49 18.00 SW 88 500 1.43 Q.
50 18.00 40 SS 400 0.67 a.
51 20.00 Sw CsS 100 0.52 0.
52 20.00 SW SS 200 0.97 0.
53 20.00 SW SS 300 1.07 0.
54 20.00 SW S8 500. 1.24 0.
5% 20.00 TN = .5 cS 100. 0.32 0.
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SCHED

TEMP ELBOW MITER

.40
.03
03
18

0000000

99

0000000

— N>
nNe

RUN

O000000
O000000



K'

Table RESULTS contains the descriptions of the fragility data for generic

categories which result from certain groupings and subsequent reduction of

expert opinions and other data as computed by program FRAGSTAT. It consists
of eight columns of data as follows:

Column No. Column name Type
1 RESNO Character
2 CATNO Floating
3 NMEAN Floating
4 NSIGMA Floating
5 LNMEAN Floating
6 LNSIGMA Floating
7 MEDIAN Floating
8 BETA Floating

Contents

An identifying code unique to this
particular set of data.

A floating point number unique to a
particular description of generic
category or component description
(see Table CATEGORY).

The statistical mean of the data
assuming normal distribution.

The standard deviation of the data
assuming normal distribution.

The statistical mean of the natural
logs of the data (i.e., assuming
lognormal distribution).

The standard deviation of the natural
logs of the data (i.e., assuming
lognormal distributions.

The median of the data assuming
Tognormal distributions.

Same as LNSIGMA, repeated for
convenience in data extraction.
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LOL

RESNG

RESO1A
RESOZ2A
RESOZ2B
RESO02C
RESO2D
RESO2E
RESO3A
RESO4A
RESOSA
RESOQGA
RESO7A
RESO8A
RESO9A
RES10A
RES11A
RES12A
RES13A
RES14A
RES15A
RES15B
RES16A
RES16B
RES17A
RES18A
RES19A

RES4E,1
RES49A
RESS0A

CATNOG

PRRNMNN o o s i s

—O0QONOOUNIUDMWN—=OCOWRNOUARNNNNN—

[eje]elslelolelololelo]olololalalelo]olololoYolalolo o o oToTo o o oYoTo Yo  ATATAT N\ Y o

DN

RESULTS

NMEAN NS IGMA
1.578 2.848
3.835 1.168
3.197 1.176
1.933 0.423
5.000 1.562
2.424 0.991

220.000 89.140

220.000 89.140

220.000 89.140

220.000 89.140
1.515 0.928
2.038 0.619
4.370 2.645
1.908 0.668

220.000 89.140
2.626 1.150
2.995 0.766
2.300 1.154
4,464 1.369
3.186 0.886
4,832 2.081
8.000 2.347
8.960 1.200

11.193 16.768
12.598 4.613
0.658 0.228
2.486 1.169
2.610 1.240
2.800 1.480
2.288 0.766
1.631 1.107
13.550 6.430
7.747 1.937
15.228 5.105
2.400 1.938
2.290 1.014
4,322 2.578
0.285% 0.214
5.700 5.770
8.500 4.950
8.333 1.241
0.395 0.282
0.310 0.142

LNMEAN

0.

721

1.344
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L.

SMADATA

Table SMADATA contains fragility information derived from data presented

in Ref. 4.
Sec. 3.2.

Column No.

Column name

1

SMANO

CATNO

CAT

NMEAN

NSIGMA

LNEAN

LNSIGMA

PARAM

Type

Integer

Floating

Integer

Floating

Floating

Floating

Floating

Character

The calculation of the values in this table is discussed in
It consists of eight columns as follows:

Contents

A unique number assigned to each set
of data in the table.

A floating point number unique to a
particular category of component (see
Table CATEGORY).

An integer unique to a class of
generic components (see Table
CATEGORY).

The statistical mean of the data
assuming normal distribution.

The standard deviation of the data
assuming normal distribution.

The statistical mean of the natural
logs of the data (i.e., assuming
Tognormal distribution).

The standard deviation of the natural
logs of the data (i.e., assuming
lognormal distributions.

The fragility parameter.
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SMADATA

GRPNGO CATNGO CAT NMEAN NSIGMA LNMEAN LNSIGMA PARAM
SMAO1 1.0 1 2.75 0.81 1.01 0.37 SP ACCEL G
SMAQ2 1.1 1 6,00 1.65 1.79 Q.34 SP ACCEL G
SMAO4 2.3 2 3.30 1.75 1.19 0.44 SP ACCEL G
SMADS 2.2 2 2.00 0.62 0.69 0.40 SP ACCEL G
SMAOG 7.0 7 21.90 6.95 3.09 0. 41 SP ACCEL G
SMAQ7 7.0 7 7.90 3.00 2.07 0.52 SP ACCEL G
SMAQ8 8.0 8 8.28 0.25 -0.19 0.39 PK GD AC G
SMAQ9 8.0 8 3.60 1.20 1.28 0.44 PK GD AC G
SMA10 10.0 10 7.95 3.32 2.07 0.860 SP ACCEL G
SMA11 10.0 10 7.20 2.72 1.97 0.52 PK ACCEL ©
SMA12 1.0 11 1.40 0.59 0.34 0.60 PK GD AC G
SMA13 11M.0 11 1.40 0.59 0.34 0.60 PK GD AC G
SMA14 12.0 12 3.30 1.1 1.19 Q.44 SP ACCEL G
SMA15 13.0 18 3.48 0.96 1.2%5 0.34 SP ACCEL G
SMA16 15.0 15 3.20 0.88 1.16 0.34 SP ACCEL G
SMA17 1.0 15 11.70 3.79 2.46 0.42 SP ACCEL G
SMA18 15.0 15 4.66 1.50 1.54 0.41 Z PRD AC G
SMA19 15.0 15 7.19 1.68 1.97 0.28 Z PRO AC G
SMAZ20 15.0 15 8.22 2.15 2.11 0.32 Z PRD AC G
SMA21 15.0 15 39.60 9.97 3.68 0.30 Z PRD AC G
SMA22 1.0 15 32.50 10.33 3.48 0. 41 Z PRD AC G
SMA23 16.0 16 7.56 3.32 2.02 0.68 PK ACCEL G
SMA24 16.1 16 7.30 2.06 1.99 0.35 Z PD PK AC
SMA25 16.0 16 43.80 15.40 3.78 0.47 Z PD PK AC
SMA26 17.0 17 47.50 16.90 3.86 0.47 Z PD PK AC
SMA27 18.2 18 47.50 16.70 3.86 0.47 Z PD PK AC
SMA28 20.0 20 0.93 0.27 -0.07 0.35 SP ACCEL
SMA29 20.0 20 1.96 0.57 0.67 0.36 SP ACCEL
SMA30 20.0 20 0.74 0.23 ~-0.31 Q.40 SP ACCEL
SMA31 20.0 20 8.91 3.50 2.19 0.5%5 SP ACCEL
SMA32 21.0 21 17.10 6.18 2.84 0.48 SpP ACCEL
SMA33 21.0 21 5.25 1.60 1.66 0.39 SP ACCEL
SMA34 22.0 22 “2.59 1.73 0.95%5 1.51 SP ACCEL
SMA35 22.0 22 9.63 4.88 2.26 0.82 SP ACCEL
SMA36 22,0 22 18.30 9.64 2.90 0.88 SP ACCEL
SMA37 23.0 23 13.40 4.25 2.59 0. 41 SP ACCEL
SMA38 24.0 24 2.74 0.88 1.01 0. 41 SP ACCEL
SMA39 24.0 24 2.93 Q.95 1.08 0. 42 SP ACCEL
SMA40 24.0 24 11.90 3.89 2.47 0.42 SP ACCEL
SMA41 26.0 26 2.59 1.73 .95 1.51 SP ACCEL
SMA42 26.0 26 9.63 4.88 2.26 0.82 SP ACCEL
SMA43 26.0 26 18.30 Q.64 2.90 0.88 SP ACCEL
SMA44 27.0 27 15.70 5.24 2.7% 0.44 SP ACCEL
SMA45 40.0 40 2.598 1.73 0.9%5 1.51 SP ACCEL
SMA46 27.0 27 9.63 4.88 2.26 0.82 SP ACCEL
SMA47 27.0 27 18.30 9.64 2.90 0.88 SP ACCEL
SMA48 30.0 30 47.30 16,80 3.86 0.47 Z PRD AC
SMA49 31.0 31 2.59 1.73 Q.95 1.51 SP ACCEL
SMASO 31.0 31 9.63 4.88 2.26 0.82 SP ACCEL
SMAS1 31.0 31 18.30 9.64 2.90 0.88 SP ACCEL
SMAS52 35.0 35 15.70 5.24 2.75 0.44 SP ACCEL
SMAS3 36.0 36 2.82 1.14 1.04 0.57 Z PD PK A
SMAS4 41.0 41 2.59 1.73 0.95 1.51 SP ACCEL
SMAS55 41.0 41 9.63 4.88 2.26 0.82 SP ACCEL
SMAS6 41.0 41 18.30 9.64 2.90 0.88 SP ACCEL &
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GRPNGO CATNG CAT NMEAN NSIGMA LNMEAN LNSIGMA PARAM

SMAS7 41.0 41 9.63 4,88 2.26 0.82 SP ACCEL G
SMASS 41.0 44 18.30 9.64 2.90 0.88 SP ACCEL G
SMAS9 49.0 49 0.20 0.086 1.61 0.35 PK GD AC G
SMABO 17.0 17 9.84 5.56 2.29 0.65 Z PD PK AC
SMAG1 28.0 28 8,50 4,95 2.03 0.71 SP ACCEL G
SMAG2 31.0 31 8.50 4.95 2.03 0.71 SP ACCEL G
SMAB3 49.0 49 0.20 0.06 -1.61 0.35 PK GD AC G
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7.0 COMPUTER FILES

A1l of the files used in the data base and several useful data reduction
and manipulation files have been grouped together into a file library in the
LLNL Computer Center. This library permits easy storage, access, and
maintenance of the files, and reduction or analysis of the data. Access
information and explanations of the functions of the files in the library can
be obtained from the SSMRP at LLNL.
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