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SUMMARY

The Seismic Safety Margins Research Program (SSMRP) is to estimate the conservatism
in the Standard Review Plan seismic safety requirements and to develop improved seismic
requirements. The approach to achieve these objectives is to develop probability
methodology that more realistically estimates the behavior of nuclear power plants
during an earthquake. The development of fragility descriptions for components, systems,
and structures is a necessary part of this approach, and the Components and Structural
Fragilities Project of the SSMRP is responsible for developing these descriptions. The
SSMRP will comprise several phases. Phase 1 is addressed at this time, and will focus
specifically on the Zion 1 plant and site.

A fragility description of a component, system, or structure characterizes the
probability of failure as a function of a load parameter such as stress, strain, and
acceleration. Failure for our purposes is defined as the inability to serve an intended
function; e.g., a valve is considered failed if it is unable to open or close due to
perhaps body distortion when it is called upon to do so.

An execution plan for the project has been established. The critical components,
systems, and structures will be identified. Information pertaining to design, qualifi-
cations, installation, and in-service performance will be gathered. Test data will be
collected from nonnuclear as well as nuclear industries and foreign as well as domestic
sources. Relevant fallure modes will be determined following the gathering of information
and data. Fragility descriptions to be developed will then be selected. Finally, the
fragility descriptions will be developed. For Phase 1 the project execution will be based
on existing information.

The fragilities area is quite developmental. Regular exchange of information with
knowledgeable people in the area is, therefore, important. Consequently, a panel of six
such persons was formed for this purpose. The first meeting of the SSMRP Fragilities
Panel was held December 13, 1979.

This paper summarizes the execution plan for the project and the observations of the
December 13 meeting of the panel.

This work was supported by the U.S. Nuclear Regulatory Commission under Interagency
Agreement DOE 40-550-75 with the U. S. Department of Energy.



1. Introduction

The Components and Structural Fragilities Project is Project VI of the Seismic
Safety Margins Research Program (SSMRP) [1 and 2]. The objectives of the SSMRP are to
estimate the conservatism in the Standard Review Plan seismic safety requirements [3]
and to develop improved seismic requirements. The approach to achieve these objectives
is to develop probabilistic methodology that more realistically estimates the behavior
of nuciear power plants during an earthquake. A necessary part of this approach is the
development of fragility descriptions for components, systems, and structures. The
objective of Project VI is to develop the necessary descriptions.

The SSMRP will consist of several phases. Phase 1 is being addressed at this time,
and will focus on the Zion 1 plant and site. Zion 1 was shown to be representative of a
typical PWR nuclear power plant in a comparison study with other plants [4]. The
emphasis of Phase 1 will be on the construction of the systems model for the seismic
design methodology chain, an assessment of the feasibility of such a model, and sensi-
tivity studies to identify the weak Tinks in the methodology chain.

The program comprises six major projects, as shown in Figure 1, each dealing with
a certain facet of the overall seismic design methodology chain. Project VI, Components
and Structural Fragilities, is one of the six. Presentations on the other five projects
are also given at this SMIRT conference [5 through 9]. Nine tasks are planned for
Project VI for Phase 1. A flow chart of the tasks and the necessary interactions with
other projects are shown in Figure 2. A general description of each task is given in
this paper.

2. Backaground Information

A fragility curve describes the probability of failure of a component, system, or
structure as a function of a load parameter such as stress, strain, and acceleration
which induces the failure. A representation of a typical fragility curve is shown in
Figure 3. For the SSMRP, failure is defined as the inability to serve an intended
function. Examples include a valve sticking open or closed due to distortion of its
body, a pump seizing upon failure of its support, and a building collapsing due to
failure of structural elements.

A simplified representation of the SSMRP systems model is depicted in Figure 4.
Fragility descriptions enter into the model in the determination of initiating events and
the fault tree analyses. For Phase 1 the execution of Project VI will be based on
existing test and/or analytical information.

Fragilities of components, systems, and structures are not normally assessed during
the course of design. Qualification testing and analyses are to assure in-service
reliability rather than to determine fragilities. Consequently, usable data for
fragilities description are sparce, and standardized analyses for fragilities characteri-
zation do not exist. The subject of fragilities is quite developmental. Consequently,
it will be highly advantageous to periodically exchange thoughts and information with
researchers in this and related areas. A SSMRP Fragilities Panel was formed for this
purpose. The members are Dr. Spencer H. Bush, Battelle; Dr. Robert P. Kennedy,
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Engineering Decision Analysis Corporation; Mr. George Shipway, Wyle Laboratories;

Dr. John D. Stevenson, Arthur G. McKee and Company; Dr. Jerrell M. Thomas, Failure
Analysis Associates; and Dr. Peter P. Zemanick, Westinghouse Electric Corporation. We
plan to meet approximately four times a year as the need arises. The first meeting has
been held on December 13, 1978 at the Lawrence Livermore Laboratory.

3. The First Meeting of the SSMRP Fragilities Panel

Some key points of the December 13 meeting of the SSMRP Fragilities Panel included
the following:
e Testing done by Wyle Laboratories was qualitatively described. Most tests
were for qualification, and a majority were on electrical components. Very few
failures were observed. At times the support fails before the component.
Much of the data is proprietary,and the availability for SSMRP use will need to
be investigated.

s A procedure was presented for analytically developing fragility descriptions using
a combination of factors of safety embodied in the design calculation, design
code, and material inelastic behavior. The procedure was based on the work of
Newman and Ang [10].

¢ One-dimensional or multi-dimensional fragility descriptions are possible. For
Phase 1, the panel generally recommended using only one-dimensional descriptions.

e The fragilities of elbows and pipe connections might overshadow the fragilities
of the piping. Welds, however, are more susceptible to defects; therefore, their
fragilities may be more important than elbows and pipe connections. There were
differing opinions on the topic of welds.

® The tails of the fragility curves are generally felt to be not as important
as some other considerations. For Phase 1 the panel generally recommended
ignoring the tails.

e The fragility of buildings is a complex topic which will require further thought
and discussion. Not all structural elements of a given building are important
for sustaining systems operability. Therefore, the difficulty is determining the
relevant failure modes.

¢ The panel generally believes off-site power will be lost before the diesel
generators.

e The panel generally agreed with the approach being taken by the Lawrence Livermore
Laboratory for Project VI.

4. Development of Fragility Descriptions

The Component and Structural Fragilities Project will consist of nine tasks in
Phase 1. The progression of the tasks is indicated in Figure 2 along with the necessary
interactions with other SSMRP projects. The tasks will be carried out with a combination
of in-house and contracted efforts. A general description of each task is as follows:
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Task 1: Zion 1 Systems and Structures Identification

The identification of systems and structures of the Zion 1 plant critical to
preventing radiocactive release is being carried out. A preliminary identification was
made based on past experience with nuclear power plants, and the results are given in
Table 1. A more precise identification is underway.
Task 2: Architectural and Engineering Information Gathering

Information pertaining to the design and performance of the Zion 1 plant are being
obtained from the architectural and engineering firm, Sargent and Lundy. For components,
pipings, and their supports this includes design calculations, qualification procedure,
installation, location, and in-service performance. For buildings this includes design
calculations and specifications.
Task 3: Information Gathering on the Nuclear Steam Supply System Piping and the

Reactor Pressure Vessel

The nuclear steam supply system and the reactor pressure vessel were designed and
built by Westinghouse. The information being gathered is of the same nature as described
for Task 2.
Task 4: Test Data Gathering

Test data gathering will be as broad as possible to maximize the chances of finding
usable data. Accordingly, nonnuclear as well as nuclear, and foreign as well as domestic,
sources will be covered. Any data which can shed 1ight on fragilities will be of interest
For example, qualification tests can indicate a lower bound for a fragility description,
accident data can provide information concerning fragility, and tests carried out to
failure can provide a direct measurement of fragility. Included in the search will be
not only components, pipings, systems, and structures the same as those of concern but
also ones similar to those of concern. Sources of test data include firms doing testing,
organizations maintaining data banks, vendors of components, piping and equipment, the
military, and various government and industrial agencies.
Task 5: Determination of Failure Modes of Components and Systems, and Categorization

of Components

An important part of developing fragility descriptions is the determination of
failure modes. The information gathered in Tasks 2, 3, and 4 should provide valuable
insight for identifying the relevant failure modes of components and pipings. Vendors
and knowledgeable persons are also important sources of information, and these will be
surveyed as necessary. Multiple failure modes will apply in many cases. The parameter
controlling each failure mode will be identified. Since these parameters must be the
output quantities of transfer functions to be developed by Project V, "Structural
Subsystems Response", close interaction with Project V will be necessary to establish the
parameters which are acceptable for both fragility description and transfer function
development.

The components of concern are expected to number in the thousands. It will be
impossible to develop fragility descriptions for each individually within Phase 1.
Consequently, categorization of the components will be necessary, and the fragilities
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will be addressed by categories. A suitable categorization procedure will be developed
and the components will be categorized accordingly.
Task 6: Determination of Failure Modes of Structures

As in the case of components and systems, the determination of failure mode is an
important part of developing fragility descriptions for structures. The information
gathered in Tasks 2, 3, and 4 should provide insight on the relevant failure modes. Each
structure will most likely have multiple failure modes. Expert opinions may provide
additional insight, and will be surveyed as necessary. The parameter controlling each
failure mode must be established. Since the parameters are to be output quantities of
transfer functions to be developed by Project III, "Soil Structure Interactions", and
Project IV, "Structural Building Response", close interaction with Projects III and IV is
important to establish workable parameters.
Task 7: Selection of Fragility Descriptions for Components, Systems, and Structures

A wide range of fragility descriptions is possible. For example, we have the choice
of developing fragility descriptions for: (1) individual components and pipe sections;
(2) a subassembly of components and pipe sections; or (3) an entire safety system.
Another example, in the cases of multiple failure modes we have the choice of developing
multi-dimensional descriptions or multiple one-dimensional descriptions. The fragility
descriptions to be developed will be selected jointly by Projects IV, V, VI, and VII.
Considerations important for making the selection include: (1) what is required for
event trees and fault trees of the systems analysis model; (2) what is possible to develop
from the information and data gathered and with the techniques available; and (3) what
are the transfer functions which can be developed by Projects III, VI, and V.
Task 8: Fragilities Description Development for Components and Systems

A1l fragility descriptions selected for development in Task 7 for components, pipings,
and systems will be developed in Task 8. At the present, we are aware of four approaches
to developing fragility descriptions:

e Test Data

® Analysis

e Delphi procedure

o Expert opinion
We prefer to base the development on test data when possible. However, test data
generally will be insufficient to do the job alone. Therefore, the other three approaches
are expected to play a major role in the Task 8 effort. The second approach is inclusive
of all kinds of analyses ranging from estimation procedures to sophisticated finite
element analysis. The choice of analytical procedure in each case should be commensuable
with the Tevel of importance of the fragility description and with the available infor-
mation and resources. The Delphi procedure iterates on the subjective opinions of
knowledgeable persons. The individual opinions are solicited, combined, and fed back to
the persons, and revised opinions are then solicited. This process is repeated until
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convergence is reached. The fourth approach is a subset of the third; i.e., the opinion
of an extremely knowledgeable person is accepted. We will not necessarily be limited to
the approaches described. Due to the highly developmental nature of the fragilities area
we plan to pursue more than one approach in the development of the fragility descriptions
Task 9: Fragilities Description Development for Structures

A11 fragility descriptions selected for development in Task 7 for structures will be
developed in Task 9. Comments made for Task 8 apply also to Task 9.

5. Conclusions and Comments

Phase 1 of the SSMRP has proceeded five months out of the scheduled 20 months as of
this writing. A reasonable approach for carrying out Project VI in Phase 1 has been
established. The SSMRP Fragilities Panel has been formed, and based on the results of
the first meeting, the panel should proved to be a valuable source of information and
relevant experience. Most test results to our knowledge are proprietary; therefore, an
effort to make the data available for our use must be undertaken immediately and be given
a high priority.

REFERENCES
[11 sSmith, P. D., et al., "Seismic Safety Margins Research Program--Program Plan,

Revision II", UCID-17824 Rev. II, Lawrence Livermore Laboratory, Livermore, Ca., 8/11/:8

[2] Smith P. D., and Tokarz, F. J., "An Overview of the Seismic Safety Margins
Research Program", Fifth International Conference on Structural Mechanics in
Reactor Technology, Berlin, Germany, August 13-17, 1979.

[3] U. S. Nuclear atory Commission, NUREG-
the Revi Sa on
ce o ear on,

[4] Reed, J. W., and Waugh, C. B., "Project I - Plant/Site Selection, Plant/Site
Selection Assessment Report", Engineering Decision Analysis Company, Inc.,
Palo Alto, California, December 8, 1978.

[5] Bernreuter, D. L., and Chung, D. H., "Systems Analysis Methods Used in the
Seismic Safety Margins Research Program", Fifth International Conference on
Structural Mechanics in Reactor Technology, Berlin, Germany, August 13-17, 1979.

[6] Johnson, J. J., "Soil-Structure Interaction Analysis for the U.S. NRC Seismic
Safety Margins Research Program", Fifth International Conference on Structural
Mechanics in Reactor Technology, Berlin, Germany, August 13-17, 1979,

{71 Chou, C. K., and Lo, T. Y., "Major Structural Response Methods Used in the
Seismic Safety Margins Research Program", Fifth International Conference on
Structural Mechanics in Reactor Technology, Berlin, Germany, August 13-17, 1979.

[8] Johnson, J. J., "Subsystem Response Determination for the U. S. NRC Seismic
Safety Margins Research Program", Fifth International Conference on Structural
Mechanics in Reactor Technology, Berlin, Germany, August 13-17, 1979.

[9] Cummings, G. E., and Wells, J. E., "Development of the Seismic Input for Use
in the Seismic Safety Margins Research Program", Fifth International Conference
on Structural Mechanics in Reactor Technology, Berlin, Germany, August 13-17, 1979

[10] Ang, A. H.-S., and Newmark, N. M., "A Probabilistic Seismic Safety Assessment of
the Diablo Canyon Nuclear Power Plan", Report to the U. S. Muclear Regulatory
Commission, Washington, D. C., prepared by N. M. Newmark Consulting Engineering
Services, Urbana, I17inois, November, 1977.

— 6 — K 3/9



LWyd HHL ONY SDGEAS SNIIVILINL 40 MOLIVNERIALN
H»gzuwp.wgﬁ. SELSAS 31 QNI ¥M SHOLLSINISA0 ALTNIOVE ¢ MBI

]
L e ]
40 UOLIDIPILY

o)
3neg

g
A3

swxk|voy
Jramno0dys

WBAY
Jpms |05

Baimy K341 1Busy
(oU0|SUbmI0-8UQ [WILAAL ¥ JO WOLIBUSAARY T Wb}y

1ndn]
0
Ve 7 4
7/
17 an l/\\ ’ =Mvy
20
A yimi ey
ALDavacyy
CLELESY -

S1I3(0Ud PSS WIHL0 HLIA SNOTAIVHILNI QMY SYSWL LIAGH4 SALLITISVHS TVHNLIERILS OMY SOGNOGD 2 TBI4

* saan3onss
104 uamdo)aasg
uo|3dpasag
A1 Lpboag

& ISV)

- suaqsfs
S3Uauodu0)

spsdauy S93sAs @

O

@suodsay BUIPLING LLIM3ANIS @

@

puB “Sua3EAS

104

su0}3dj 43530

A besy

LS
£ asuL

* sanjanng

10 sapay

oy|e3 yo

L Rl Lz L)
9 1501

* sjuaucduo) o
uoj3ez}20693%)
~ m3$hS
PUR 53UBu0MN0)
0 sopay
ey 4o
uojjeupmiazag
5 ASWL

< Bupsay3eg
neg 3531
¥ ASYL

pum 5558

ua Supe

uap3mLIoju]

IsnoybuLIsI
€ asvL

* 0] 303 | 3Up)
saumunys
pur mREAg
1 vajz
ok mmI0JuL 135wl
pun
(94m283 jy2ay

Buipling aujguny
Gupa3ujbu3 Butping Juame3uc)y
Avqaa04 Bupsnoy qpa)

Bujpring Auepypxmy

MVESONS HRIVIS3Y SIS
ALRVS IMMSTSS L 40 SIII0GS YOO XIS JU 3L 3oL

ysA|voy EsAs

31118y (LMIMOS v SuBeodur)
asuodsiy wnsisgns |emTIOS
etumissy 6ujpLing (LMMINGS

Andu] DPRSLES

®

BIISAS U013333044 1030RRY

43300 SYNQU] U 40j SI0IOY pue Sdmng

m)sAS J9jeN 304AIIS

uR3sSAS J93em buj|00) JuRUOdEO)

PJBA YIS 3Y3 U} SJoje|NSUL JLURII)
syRUodED) pue SuBISAS

SNO|JRA JOJ S3INOS JMOJ PUR SUOLIRIUSEBNIISUT

S3UdUOdED) pue SuRSAS
SNOYIRA 40) SB4N3IdNU3S JJoddng pue sbupiood

3YSAS [AGIRY DY |ENPLS3Y

wN5AS Jdoddng pue damoq Al Lsxmy |3s94]
WDISAS Jamog Ade|Lxmy A3a3es paJdaulbuy
GDISAS Jajenpaay Ade}|jxny

wR3sAs Aeads JuSmu|eIuc)

W93SAS J49100) uey JuSEULEIUO)

W3SAS Bup(00) 340) Aduabaamy

uR3SAS JUR|O0) 4030BDY

[ETLFELVEY SB3ISAS

L NOIZ JO MITATY AYVMINITRd ¥V NI G3IJIIN30I SRINLIMILS § SWILSAS TWOILT¥d

1 31avL

K 3/9





