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Ref. APPENDIX C_
'

| LOADING CRITERIA

- (1) C.1 DE FINITIONS

Each structure, system, and component, is analyzed to determine its
governing loading condition and load limiting criteria. Each structure,
system, component, and parts thereof are classified in accordance with
the definitions which follow.

- (1) C .1.1 Class I !

This class includes those structures, systems, components, and parts
thereof, failure of which could lead to a release of radioactivity in excess
of the guideline values in published regulations pertaining to accident
considerations.

(1) C . 2. 2 Class IM

This class includes those structures, systems, components, and parts
thereof, which are required to function after any accident up to and including
the design basis accident.

(
(1) C .1. 3 Class II

Structures, systems, components, and parts thereof, which are not included
ir. Class I n: C1.tss IM are Class D and have no safety considerations. A

Class Il d(signated item shall not degrade the integrity of any item
designated Class I or Class IM.

(1) C.2 General Classification of Systems, Structures, and Equipment

C.2.1 Class I

The following list establishes a general category of Class I items and Js not
intended to be all inclusive or exclusive:

Item

Reactor pressure vessel

Spent fuel storage
,

In. core flux monitor guide tubes
|a

All piping and piping supports included in the
nuclear system primary barrier

8/16/68 C.0-1
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Ref. . C.2.2 Class IM

The following list establishes a general category of Class IM items noting
any exceptions and is not intended to be ali inclusive or exclusive:

' Item Exception

Reactor pressure vessel support system

Reactor core and control rods

Reactor pressure vessel internals Shroud head -
' Steam separators, steam dryers -
Startup neutron sources :

Lower portion of reactor pressure vessel

Reactor recirculation system Recirculating pump M-G sets

Standby gas treatment system

Nuclear Safety Systems Neutron monitoring system

Engineered Safeguards . Standby liquid control system
test tank

,

Cooling systems for engineered
safeguards

Control room

-(2) C.3 Loading Conditions and Safety Margins

The loading conditions established herein are expressed in generic terms and
are related in a probabilistic manner to the simultaneous occurrence of

= several of the loads which are normally investigated for safety considerations.
The related probabilistic definitions are then used to determine an appropriate
minimum safety factor which is used to establish structural design tafety
margins, and functional design safety margins. The governing loading
conditions are established and related to the classification previously defined.

C. 3.1 Loading Conditions

The loading conditions, which are to be considered in addition to loads from
normal conditions, are divided into three categories; upset conditions,
emergency conditions, and faulted conditions. The conditions are defined
as follows:

1

I
4

8/16/68- C.0-2
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[i Ref . C.3.1.1 Normal Conditions - -

Any condition in the course of operation of the plant under planned,
anticipated conditions, in the absence of upset, emergency, or faulted

conditions.

(3) C.3.1.2 Upset Cc xtitions

Any deviations from normal conditions anticipated to occur often enough
that design should include a capability to withstand the conditions without .
operational impairment. The upset conditions include abnormal operational
transients caused by a f ault in a system component requiring its isolation
from the system, transient.s due to loss of load or power, and any system

.

upset not resulting in a forced outage. The upset conditions include the
effect of the spectfied earthquake for which the system must remain
operational or must regain its operational status.

- (3 ) C.3.1.3 Emergency Cenditions

Any ceviations from normal conditions wlich require shutdown for correction
of the conditions or repair of damage in the system. The conditions have's .

1

low probability of occurrence but are included to provide assurance that no
gross loss of structuralintegrity will result as a concomitant effect of any
damage developed in the system.

1

(3) C.3.1.4 Taulted Conditions

Those combinations of conditions associated with extremely low probability

postulated events whose consequences are such that the integrity and
operability of the nuclear system may be impaired to the extent where
considerations of public health and safety are involved. Such considerations
require compliance with safety criteria as may be specified by jurisdictional
authorities. Among the faulted conditions may be a specified earthquake for
which safe shutdown is required.

(2) ' C.3.2 Safety Margins

In addition to the generic definitions in the preceding paragraphs, the meaning
of these terms is expanded in quantitative probabilistic language. The

purpose of this expansion is to clarify the classification of any hypothesized ;

accident or sequence of loading events so that the appropriate structural
safety margins are applied. Knowledge of the event probability is necessary j

to establish meaningful and adequate safety factors for structural design. ]

The following table illustrates the quantitative event classifications f
)

I
1

I
IC.a-3
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Ref. Generic Definition event encounter probability .
' t

Upset (likely) 1.0 > P a 10"Ig

l Emergency (Iow probability) 10-1 > P = 10-3

: Faulted (extremely low probability) 10-3 > P a 10-6g

The event probabilities current!) in use as governing accident or fault
conditions are:

40 (N and U and A ) = 10*I to 10-2 ~.P p

4
P40 (N r.nd Am) = 10

.

40 (N and R) = 10-3
'

.P

P40 (N and A, and R and C) s 1.5 x 10-6

where:
J(

N- = normal loads

U = upset loads excluding earthquake

-A = design earthquakeD
>

A, = maximum earthquake

R = any pipe rupture

C = core standby cooling thermal loads

These probabilities have been derived to establish the appropriate
structural design safety margins for loading criteria. Some criteria are
covered by the ASME III code designated herein as C . Standard criteriag

covered by other industry codes is designated herein as C '" Other2-
criteria have been established to cover the situation where no applicable
standard criteria exist. These criteria are designated herein as Criteria'F
and a summary of these criteria are shown on the indicated tables:

' Tab C.0.1 Deformation limit Table C.0.1
Tab C.O 2 Primary stress limit Tr.ble C.O.2 i

Tab C.O.3 Buckling stability limit Table C.O.3-.

Tab C.O.4 Fatigue limit Table C.O.4

8/16/68 C.0-4
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Ref. The term SF which appears in the tables is identicsl with the classicalmin,

(2) definition of a minimum safety factor on load or deflection. SF ismin
related to the event probability by the following equation:

*SF
min = 3 - log 10 40P

where:

10-610"I yPg a

These expressions show the probabilistic significance of the classical
safety factor concept as applied to reactor safety. The SF values

. min
corresponding to the current governing accident event probabilities are
summarized as follows:

P SF
-40 min

10-1 2.25
10~2 1.80
10*3 1.50
1.5 x 10-6 1.02

The minimum safety factor decreases as the event probability diminishes and
if the ever.t is too improbable (incredible; P s 104) Gen no safety

40
factor is appropriate or required.

(1) The seismic design of Class I and Class IM equipment is based upon
appropriate static on dynamic analyses which defi .e the maximum seismic
capability of General Electric supplied equipment. The dynamic analysis
uses the response spectrum approach or time history analysis.

(2) C.3.3 Governing Loading Conditions and Criteria

The governir.g loading conditions are summar!:ed as follows:

Governing Leading Conditions

|
(1) N and U and A Class I and IM ip
(2) N and A, Class I and IM

(3) N and R Class I and IM

(4) N s.nd A, and R and C Class IM only

Using these conditions and the preceding definitior.s and criteria, and
applying them to Class I and Class IM equipment the following table is,

established:

B/16/68 C.0-5
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Ref . leading Conditions - Criteria'

e

Reactor Pressure Vessel - ---- - - . . . . - (1) 'C . F-
3

'I

(2) C,F
3

|

(3) C,F:
3

(4). C,Fg

).
- Internals -------------------------(1) F

(2)* F
p

(3)- F.

(4) F-

Piping' ---------------------------(1) C,F
2

(2) F

(3) F

(1) C,FEquipment and Valves ....-------------
2

(2) F

(3) F'

(4) F

Supports and Restraints ---------------(1) F
'

(2) F

(3) F

(4) F .

where the criteria are:

C3 = ASME III code

C2 = Industry ecdes

F = General Electric criteria

8/16/68 C.0-6
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.

List of Tables
.

t

. Table No. Title'

C.O.1 Criteria F - Deformation Limit :

C.O.2 Criteria F - Primary Stress Limit -

C.O.3 Criteria F - Buckling Stability Limit

C.0,4 Criteria F - Fatigue Limit

.

.

..
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{
CRITERIA F - DEFORMATION LIMIT

General LimitAny One Of

.9
(Permissible Deformation) ,

_SFa.
(Analyzed deformation min |causing loss of function (3)

-
_

1.0
(Permissible Deformation) g

b. SF(Experimental deformation min
causing loss of function) -

-

" Loss of Function" can only be defined c.uite generally until attention1.
is focused on the component of interest. In cases of interest where
deformation limits can affect the function of Class I structures, they
will be specifically delineated. Examples where such limits apply

Control rod drive alignment and clearances for properare:
insertion, core support deformation causing fuel disarrangement ,
excess leakage of any component, required pumps or valves failing

to operate.

<

i

.

I

i
!
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Ref. . TABLE C.O.3

CRITERIA F - BU,CKLING STABILITY LIMIT

-. .
.

.

Any One O_f General Limit -
..

a. (Permissible Load)
'

2.25 1
~

- 3
(ASME III normal event SFmin

_ permissible load) ,

. .

b. (Permissible Load) .674.g
(Stability Analysis Load (1))' SF

. g.
- -

. .

c. (Permissible Load) ho3
(Instability Load from Test) SFmin

(1) The ideal buckling analysis is often sensitive to otherwise minor
deviations from ideal geometry and boundary conditions. These
affects shall be accounted for in the analysis of the buckling
stability loads. Examples of this are ovality in externally
pressurized shells or eccentricity of column members.'

<

8/16/68
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i

CRITERIA F - FATIGUE LIMIT

General Limit

Summation of mean fatigue (1) damage a. Fatigue cycle usage s .05
usage incluaing emergency and fault from analysis
events with design and operation loads
following Miner hypotheses .. .
either one, b. , Fatigue cycle usage s 0.33

from test

"

(1) Fatigue failure is defined here as a 25% area reducticn for a load carrying
member which is required to function or excess leakage causing loss of function i

whichever is more limiting. In the fatigue evaluation the methods of linear j

elastic stress analysis may be used when the 3S range limit of ASME III hasm
been met. If 3S is not met account will be taken of (a) increases in localm
strain concentration, (b) strain ratcheting, (c) redistribution of strain due to
elastic-plastic effects. The February,1968 draft of the B31.7 piping code may
be used where applicable or detailed elastic-plastic methods may be used. With ,

elastic-plastic methods, strain hardening may be used not to exceed in stress
for the same strain, the steady state cyclic strain hardening measured in a !

smooth low cycle fatigue specimen at the average temperature of interest.

i
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