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Case N-47-32

Class 1 Components in Elevated Temperature
Service

' Section m, Divislon 1

' Inqmry Under what rules for matenals des:gn,

“and stamping shall Section HI, Division 1, Class 1
components be constructed when metal tempera-

. tures exceed those for which allowable stress values

are given by Section III, Division 1?7

- Reply: It is the opinion of the Committee that rules
governing the c.onstmc;iqn of Section II1, Division 1,

Class 1 components which are to experience temper-
atures above those now provided for in Section 11,
Division 1, are under preparation by the Committee.

In t.hc mtcnm, 1t 1s thc opm:on of the Comnuttee,,- §

following considerations:

(1) The rules for materials in NB-2000 shall apply
except as modified by this Case;

{2) The rules for design in this Case shall rcplace
the rules of NB-3000; and

‘service shall be constructed in accordance with the

(3) The stamping and Data chort shall lndlcate

this Case number and the revision appiied. :
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-1000 INTRODUCTION
-1100 Scope
-1116 Aspects of Construction Covered by These

Rules

fa) This Case contains rules for materials and design
of Class ! components, parts and appurtenances which
are expected to function even when metal temperatures
exceed those covered by the rules and stress limits of
Subsection NB and Tables 1-1.0 of Appendix L.

(b} The rules of this Case are applicable to Class 1
components independent of the type of contained fluid
— water, steam, sodium, helium, or any other process
fluid.

(c) The stress limits and design rules of Subsection
NB are applicable only to service conditions where
creep and relaxation effects are negligible. Consequent-
ly, the rules of Subsection NB only guard against the
time-independent failure modes — ductile rupture,
gross distortion (buckling and incremental collapse)
and fatigue. Therefore, those portions of the compo-
nent, part or appurtenance which are at all times ex-
periencing temperatures within the range covered by
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-3644 Miters
-3645 Attachments
-3646 Closures
-3647 Flanged Joints
-3648 Reducers
-3649 Pressure Design of Other Pressure
Retaining Components
-3649.1  Experimental Analysis
-3650 Analysis of Piping Components
-3651 General Requirements
-3660 Design of Welds
-3670 Special Piping Requirements
-3671 Nonwelded Piping Joints
-3671.1  Excluded Designs
-3671.6  Brazed Joints
-3671.7 Patented Joints
-3672 Expansion and Flexibility
-3674 Design of Piping Supports

Tables I-1.0 of Appendix I may be designed in com-
pliance with the rules of -3000 in this Case, or alter-
natively, in compliance with the rules of NB-3000. In
addition the ruies of this Case extend specific rules of
NB-3000 to elevated temperature service provided the
designer can demonstrate that the combined effects of
temperature, stress level, and duration of loading do
not introduce significant creep effects.

{d} At temperatures and loading conditions where
creep effects are significant, the design analysis shall
also consider the time-dependent material properties
and structural behavior by guarding against the four
modes of failure shown below:

(1) Ductile rupture from short-term loadings

(2) Creep rupture from long-term loadings

{3) Creep-fatigue failure

(4) Gross distortion due to incremental collapse
and ratcheting

Brief guidelines are also provided in this Case for
the three modes of failure shown below:

{5) Loss of function due to excessive deformation

{6) Buckling due to short-term loadings

(7} Creep buckling due to long-term loadings
{e) Design procedures and materials data not con-

SUPP. 4 - NC
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under service or test loadings, including additionai
pressure due to static and dynamic head of liquids;

{c) superimposed. loads such "as from ‘other com-
ponents, opcmtmg equipment, insulation, corrosion-
resistant or erosion-resistant linings and piping;

{d) wind loads, show loads, vibrations and earth-
quake loads where specified;

{e) reactions of supporting lugs, rings, saddles or
other types of supports;

(7 temperature effects;

‘ (g} impact forces causod by c:ther cxtemal or in-
: terna! events ‘ .

" 3112 Design Parameters

{a) The design parameters are the pressures, tem-
peratures, and mechanical load forces applicable to the
design of nuclear power plant components. The sim-
plest set of design parameters would consist of the

- ‘temperature; pressure, and ‘load forces ‘that exist at

some given time, -

e (B) To design a zone of a component for serviceat
weclevated temperatire, two types of dcsxgn parameter

data are needed in the Design Specifications (NCA-
3250). .. first, an expected leading history which con-
sists of how each design parameter varies as a function
of time; and second, a list of events which occur under
" each loading category defined in -3113.

" {c} The design parameter data stipulated in (1) and
{2) below shall be specified in the Design Specifications
(NCA-3250) for cach component: .

, (1) The loading event history to be used in the.
e structural anaiysis;

--(2). The design parameters. from “which- the des

: sngner will determine the most severe loading for each
loading category defined in -3113. (If fluid conditions
are specified, the designer eventually must convert the
data to metal temperatures and surface pressures.)

.(d) It is permissible for the designer to establish the

: .~ zone boundaries inside the component. However, the -
" zone boundaries and applicable design parameters shall

- be fully described in the Stress Report,
L2312 Spedﬁad Pressure .-

“"{a} The specified internal’ and extcmal pressure his-

tories shall describe pressure values not less than the
maximum pressure differences between the inside and

-~ ~outside of the pressure boundary in a given zone of

'the component, or between any two chambers of a
combination unit.
{b) The specified prﬁsure h:stones shall be used in
the compuitations made to show compliance with the
limits of -3200.

CASE (continued)
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(e} Al pressures referred to in this Article are 10
be taken as the value above atmospheric prcssure unlessx :
otherwise stated.

-3112.2 Specified - Temperature, The specified.
temperature history for the loading category shall en-
able the designer to describe a temperature value not
less than the maximum local wall-averaged tempera-
ture that will exist in the structural metal in a given
zone of the component. And for the particular analyses
of Service Loadings (-3113.2), the dwgner shall de-

termine the lustory of the maximum local metal tem-"

_perature in'a given zone and shall use these metal -

19

temperature histories in the computations to show
compliance with the limits of -3200.

fa) All temperatures referred to in this Article are
the metal temperatures expressed in degrees Fahren-
hcit (F) unless otherwise stated. o

(b) Where a componierit is heated by trate heafing,
induction coils, jacketing or by internal heat genera-

tories.

tc) Elevated temperature mechamcal praperties are
extremely sensitive to temperature. The Design Spec-
ifications shall specify any inaccuracies in temperatv--
measurement and prediction that are to be consid
in the design analyses made to show compliance wua
the limits of -3200.

-3112.3 Specified Mechanical Load Forces. - The
specified load forces: for a given loading category

~ {-3113) shall define all expected mechanical loadings - -

which must be considered in desngn analysis compu-
tations made to show compliance with the limits of
-3200.

-3113 Loading Categories. Loading categories used

- in this Subsection consist 6f Design Loading, Service =

Loadmgs (Levels A, B, C, and D), and Test Eoadings.

31131 Design Loadings. The specified design pa-
rameters for the Design Loadings category shall equal

" or exceed those of the most severe combination of

comc:dent pressure, temperature, and load forces spec-
ified under events which cause Service Level A Load-
ings (-3113.3) for the same zone of the component.®
These specified design parameters for Design Loadings
shall be called Design Temperature, Design Pressure,
and Design Mechanical Loads. These specified design
parameters shall be i1sed in comptitations to show com-
pliance with the requirements on De51gn Limits in
-3222.1.

tmn, the dmgner sha.li consnier thc cﬁ'ect of such hcat—._‘,_‘___\_“
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-3113.2 Service Loadings. Each loading to which
the component may be subjected shall be categorized
in accordance with the following definitions and shail
be described in the Design Specifications (NCA-3250)
in such detail as will provide a complete basis for
construction in accordance with these rules. The Ser-
vice Loading categories shall be as defined in the next
four subparagraphs below.-

-3113.3 Level A Service Loadings. Level A Ser-
vice Loadings are any loadings arising from system
startup, operation in the design power range, hot stand-
by, and system shut-down, and excepting only those
loadings covered by Levels B, C, and D Service Load-
ings or Test Loading.

-31134 Level B Service Loadings. (From inci-
dents of Moderate Frequency). These are deviations
from Level A Service Loadings that are anticipated to
occur often enough that design should include a ca-
pability to withstand the loadings without operational
impairment. The events which cause Level B Service
Loadings include those transients which result from
any single operator error or control malfunction, tran-
sients caused by a fault in a system component re-
quiring its isolation from the system, and transients
due to loss of load or power. These events include any
abnormal incidents not resulting in a forced outage
and also forced outages for which the corrective action
does not include any repair of mechanical damage.
The estimated duration of a2 Level B Service Loading
shall be included in the Design Specifications.

-3113.5 Level C Service Loadings. (From infre-
guent Incidents). These are deviations from Level A
Service Loadings which require shutdown for correc-
tion of the loadings or repair of damage in the system.
The conditions have a low probability of occurrence
but are included to provide assurance that no gross
loss of structural integrity will result as a concomitant
effect of any damage developed in the system. The total
number of postulated occurrences for such events may
not exceed 25. If more than 25 are expected, then some
types of events must be evaluated by the more stringent
requirements of the Level B Service Limits.

-3113.6 Level D Service Loadings. (From Lim-
iting Fauits). These are combinations of loadings as-
sociated with extremely low probability, postulated
events whose consequences are such that the integrity
and operability of the nuclear energy system may be
impaired to the extent that only considerations of pub-
lic health and safety are involved.
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-3113.7 Test Loadings. These are pressure load-
ings which occur during hydrostatic tests, pneumatic
tests and leak tests. Other types of tests shall be clas-
sified under either Service Level A or B loading cat-
egories given in the above subparagraphs. If any ele-
vated temperature tests are specified as Test Loadings
for 2 component, then these loadings shail be consid-
ered as part of the Service Level B loadings for the
component.

<3114 Load Histogram

-3114.1 Level A and B Service Events. The De-
sign Specifications (NCA-3250) shall include an ex-
pected loading history or load histogram for all Service
Loadings from Level A and B service events, (including
all Test Loadings). These load histograms shall give
all expected mechanical load forces, pressure and tem-
peratures for the various zones of the component
throughout its service life. These histograms are then
used in meeting the analysis requirements of -3200.

-3114.2 Level C Service Events. The Design Spec-
ifications shall include 2 time history of the design
parameters during each type of Level C Service event.
However, these events need not be specified as to time
of occurrence during the service life of the component.
The design parameter data shall be used in meeting
the analysis requirements of -3200. Level C Service
events may be assumed as occurring between opera-
tional cycles (-3213.15) of Level A Service events unless
otherwise specified in the Design Specifications (NCA-
3250).

-3130 General Design Rules

.3131 Scope. Design rules generally applicable to all
components are provided in -3130. The Design Sub-
article for the specific component provides rules ap-
plicable to that particular component. In case of con-
flict between -3130 and the design rules for a particular
component, the component design rules shall govern.

-3132 Dimensional Standards for Standard Products.
Dimensions of standard products shall comply with
the standards and specifications listed in Table NB-
3132-1 when the standard or specification is referenced
in the specific design Subarticle. However, compliance
with these standards does not replace or eliminate the
requirements for stress analysis when called for by the
design Subarticle for a specific component.

.3133 Size Restrictions in Nozzle, Branch, Piping
and Other Conmections. The size of certain design
features is restricted on nozzle, branch, piping, and
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. .+3137 Design Considerations Related to Other Ar-
' ticles of the Code

A -3137 1 Design Considerations for Static Pressure
" Testiig. “Since every component and appurtenance

must eventually undergo a static pressure test, the de- .

signer shall ensure that such a test can be performed.
If the only available test fluid can leave harmful res-

idues on surfaces, the design shall preferably be such-

as to leave surfaces accessible for cleaning following

the static pressure test. Special access hatches as- we]l:

" as drain lines may be required. '

=3137.2 Design Considerations for Overpressure
Protection of the System
fa) Each component and the system into which it
will be installed shall be protected against overpressure
. events as required by the rules on.overpressure pro-
tection of Class 1 components and systems exposed to
: elevated temperature service,

{b}. The Service:Loadings listed-in the- Desxgn ‘Bpecsr

1ﬁcanons include those overpressure events which the
designer shail consider in the design of that particular
component. However, the component designer shall
also review the final design to determine if additional
-overpressure transients can arise from one of the fol-
lowing:
(1) Failure of non-pressure-boundary parts of the
component;
{2) Failure of extemal power sources to the com-
ponent; -

(3) Functioning of the component in.gonjunction. .-

els A, B, C, and D).
The designer shall report to the Owner regarding

all sources of overpressure transients that can arise
from (1), (2) and (3).

. ;';.f:?-‘a3138 Elastic Follow-up

fa) When only a small portion of the structure

R specified plant and system service conditions (Lev- ‘

: undergoes inelastic sttains while the major portion of o
" " the structural system behaves in an elastic manner, the . .

calculations of load forces, stresses and strains shall
consider the behavior of the entire structural system.
. In these cases, certain areas may be subjected to strain

concentrations due to the elastic follow-up of the rest

‘of the connected structure. These abnormally large
. strain concentrations may result when structural parts
of different flexibility are in series and the flexible por-
tions are highly stressed. Examples include:

(1} Local reduction in size of a cross section or
local use of a weaker material. :

22

* (2 In a piping system of uniform size, a config-.

" uration for which most of the system lies near the
_ hypothetical straight line connecting the two anchors, - . -

{stiffeners, flanges, or other stiff members), and with
only a small portion departing from this line. Then
the small portion absorbs most of the expansion strain.

(b) If possible, the above conditions should be avoid-
ed in design. Where such conditions cannot be avoided,

the analysis required in -3250 will determine the ac- :
‘ -,captahlhty of the design to guard against harmful con- 7 ¢

sequences of elastic follow-up.

-3139 Welding

-3139.1 Abrupt Changes in Mechanical Properties
at Weld and Compression Contact Junctions. In sat-
isfying the requirements of -3000, particular consid-
erations.shall be given-to the design, analysis-and con-
struction of welded and compression contact junctions.
between two materials which have different mechanical

..properties: Such-properties ‘at ‘elevated: temperatires

include thermal expansion, creep rate, creep ductility
and fatigue life. Examples of such junctions are bi-
metallic welds, brazed joints, compression or shrink
fits, bolted flanges and other types of mechanical joints.
When temperatures cycle between low temperatures
and elevated temperatures, the inelastic strains c:
result in significant localized strain accumulation nea
an abrupt change in mechanical properties.

-3139.2 Weld Design. All welds shall comply with
the roles of NB-3350. Exceptions to this requirement

- are-dllowed only if a*specific callOut is made if eithey
-3400, -3500 or -3600.

-3200 DESIGN BY ANALYSIS

=3210  Design Criteria

-3211 Requirements for Acééptahil_ity.‘ For a Class
1 component intended for elevated temperature service,
the requirements for the acceptability of a design based

_on_.analysis shall be as stipulated Ain (@) through (d) ..

below. - ..

{a) The desxgn shall be such that the calculated or
experimentally-determined stresses, strains, and defor- -
matiéns will not exceed the l:rmts dscnbed in this -
Subarticle;

{b) The design details shall conform to the rules of
-3100 and to those given in subsequent Subamcles
applicable to the specific component;

{cj If the designer has demonstrated that the ele-
vated temperature service parameters (time, stress level
and temperature) do not introduce significant cre-
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effects’, then the experimental and analytical methods
of Subsection NB shall be applicable. The other re-
strictions on temperature maxima that appear in Sub-
section NB {see NB-3228.3(e)] shall not apply provided
the designer demonstrates the validity of values and
methods for the higher temperatures.

{d) For portions of the component which do not
experience elevated temperature service, the rules of
NB-3000 may be used to satisfy (a) and (b) above.
Alternatively, properties and allowable stress values
from Subsection NB may be used in analyses 1o dem-
onstrate compliance with the rules of -3200.

-3212 Basis for Determining Stress, Strain and De-
formation Quantities

{a) For elastic analysis allowed by this Case, the
maximum shear stress theory shall be used to deter-
mine stress intensities for multiaxial stress states (NB-
3212).

{b} For inelastic analysis required by this Code Case,
appropriate multiaxial stress—strain relationships and
associated flow rules shall be used to combine mul-
tiaxial stresses and strains.

<3213 Terms Relating to Analysis, In this Case the
stress and strain limits for design evaluation are related
to the type of structural behavior under loading. The
controlled quantities fall intc :wo general categories:*

fa) Load-Controlled Quantities — These quantities
are stress intensities which are computed on the basis
of equilibrium with the applied forces and moments
during plant operation. Included in this category are
general primary-membrane, local primary-membrane,
primary bending stresses and secondary stresses with
a large amount of elastic follow-up.

{b) Deformation-Controlled Quantities — These
quantities are strains, cyclic strain ranges or defor-
mations which result from load deflection and/or
strain compatibility.

Other terms used in this Case relating to structural
analysis are defined in the subparagraphs of -3213.

A rteport documenting the experimentat data or calculations based
on experimental data or both shall demonstrate that the elevated
temperature service do#s not introduce creep effects. This document
shall be incorporated into the Stress Report (NCA-3550) and shall
be approved by the Owner by means of a certified revision to the
Design Specifications (NCA-3250).

“Note that the cxpansion stress (F,) defined in NB-3222.3 is deleted
for this Code Case. Stresses resulting from the constraint of free end
displacement and the effects of anchor motion shall be assigned to
either primary or secondary siress caiegories [see -3213(a), -3213(b)
and -3217).
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-3213.1 Elastic Stress Intensity® is the equivalent
intensity of combined stress. In short, the stress inten-
sity is defined as twice the maximum shear stress. In
other words, the stress intensity is the difference be-
tween the algebraically largest principal stress and the
algebraically smallest principal stress at a given point.
Tensile stresses are considered positive and compres-
sive stresses are considered negative,

-3213.2 Gross Structural Discontinuity is a geo-
metric or material discontinuity which affects the stress
or strain distribution through the entire wall thickness
of the pressure-retaining member. Gross-discontinuity-
type stresses are those portions of the actual stress
distributions that produce net bending and membrane
force resultants when integrated through the wall
thickness. Examples of gross structural discontinuities
are head-to-shell and flange-to-shell junctions, nozzles
and junctions between shells of different diameters or
thicknesses.

-3213.3 Local Structural Discontinuity is a geo-
metric or material discontinuity which affects the stress
or strain distribution through a fractional part of the
wall thickness. The stress distribution associated with
a Jocal discontinuity causes only very localized types
of deformation or strain and has no significant effect
on the shell-type discontinuity deformation. Examples
are small fillet radii, small attachments and partial
penetration welds.

-3213.4 Normal Stress is the component of stress
normal to the plane of reference. (This is also referred
to as direct stress.) Usually the distribution of normal
stress is not uniform through the thickness of a part,
so this stress is considered to be made up in turn of
two components, one of which is uniformly distributed -
and equal to the average value of stress across the
thickness under consideration, and the other of which
varies from this average value with the location across
the thickness.

-3213.5 Shear Stress is the component of stress tan-
gent to the plane of reference.

-3213.6 Membrane Stress is the component of nor-
mal stress which is uniformly distributed and equal to
the average of stress across the thickness of the section
under consideration.

-3213.7 Bending Stress is the vartable component

s'ihis definition of stress intensity is not related o the definition of
stress intensity applied in the field of Fracture Mechanics.



o :“"°"'."'fom (norm “or-shear) a arising “from . thermal expan-

CASE (continued)

N-47-29

'CAS_FS OF ASME BOILER AND PRESSURE VESSEL CODE

. of normal stress described in -3213.4. The variation

may or may not be lmear across the thxckness

33138 anary Stress is any normal stress or a
shear stress developed by an imposed loading which
is necessary to satisfy the laws of equilibrium of ex-
- ternal and internal forces and moments. The basic
. characteristic of a primary stress is that it is not self-
- limiting, Primary-membrane stress is divided into gen-

T cra.l andlocal categories. A: general primary-miembtane

stress. is one-which is so- distributed: in- the structure
that no redistribution of load occurs as a result of
yielding. Examples of primary stresses are:
(a) general membrane stress in a circular cylindrical
- or a spherical shell due to internal pressure or to dis-
tributed live loads;

(b) bendifig stress in -the central portion of a flat

head due to pressure;
" (c) stresses in piping due to net cross section load

sion. of structural material.

-3213.9 Secondary Stress is a normal stress or a
shear stress developed by the constraint of adjacent
material or by self-constraint of the structure and thus
it is normally associated with a deformation-controiled
quantity at elevated temperatures. The basic charac-
teristic of a secondary stress is that it is self-limiting.
Local yielding and minor distortions can satisfy the

~conditions which cause the stréss to occur and failure

{a) bending stress at a gross structural discontinuity;

{b) bending stress in piping where loads cannot
cause excessive creep deformation (e.g., buckling or
_dimpling) in a local region;

train (aT} proﬁle throigh the thickness of a section;
(d) bending stress due to an equivalent linear ther-
mal strain profile for ;he actual (nonlinear) strain pro-

profile exert the same net bending moment as that from
the actual proﬁle {-3213.13).];
{e) stress produced by an axial temperature, dxstn—

" bution in & cylindrical shell;

« ... from one application of the stress is. nqt.to.be expected. .
" Examples of secondary stresses are:

(p) bendmg stress due to a linear radlal thermal .

-,t-jfl]c [Thc equivalence: is . basedi on - hang the- linear - -

- (f)-stress produced by the temperature difference

bt_ethen 2 nozzle and the shell to which it is attached.

+3213,10 ~Local Primary-Membrane Stress. Cases
arise in which a membrane stress produced by pressure
or other mechanical loading and associated with a
primary or a discontinuity effect produces excessive
distortion in the transfer of load to other portions of
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“§ueh-as those resulting from’ concenttated” Ioads acn‘_ _
- onbrackets, where the membrane stress intensity ex-

the structure. Conservatism requires that ch a stress
be classified as a local pnmary membrar. -stress even
though it has some characteristics of a secc. -dary stress.
A stressed region may be considered - al if the dis-
tance over which the membrane stress intensity exceeds
1.15, does not extend in the meridionai direction more
than 1.0 /R, where R is the minimum midsurface

~ radius of curvature and 7 is the minimum thickness in.
the region considered. Regions of local primary stress .-

intensity involving axisymmetric membrane stréss dis-
tributions which exceed 1.1.5, shall not be closer in the
meridional direction than 2.5 \/IT where R is defined
as {R, + R,)/2 and ¢ is defined as (¢, + ¢,)/2 (where
t, and 1, are the minimum thicknesses at each of the
regions considered, and R, and R; are the minimum
midsurface radii of curvature at'these regions where
the membrane stress intensity exceeds 1.15,). Discrete-
regions of local primary membrane stress mtensuy,

ceeds 1.15,, shall be spaced so that there is no over-
lapping of the areas in which the membrane stress
intensity exceeds 1.15,. An example of a local primary-
membrane stress is the membrane stress in a shell
produced by external load and moment at-a permane
support or at a nozzie connection,

.3213.11 Peak Stress is that increment of stress
which is addmve to ‘the primary- plus-secondary :

strcsscs by reason.of local discontinuities or. local ther- .. . ..

mal stress [see -3213. 13(b)] including the effects (if any)

of stress concentrations. The basic characteristic of a

peak stress is that it does not cause any noticeable
distortion and is abjectionable only as a possible source
of a fatigue crack or a brittle fracture, and, at elevated

tcmperatures, as a poss:ble source of locahzed rupture
" or creep-fatigue failure. A stress which is not highly

localized falls into this category if it is of a type which
cannot cause nottceable distortion. Exa.mp]es of peak

-8tresses are: RS g
- {a) the thermal stress in the austemuc-steel claddmg

of a carbon steel component;
(b) certam thermal stresses whlch may cause fatlguc

" but not distortion;

fc) the stress at a local structural discontinuity;
(d) surface stresses produced by thermal shock.

.3213.13 Thermal Stress is'a self-balancing stress
produced by a nonuniform distribution of temperature
or by differing thermal coefficients of expansion. Ther-
mal stress is developed in a solid body whenever ~
volume of material is prevented {from assuming the s
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and shape that it normaily should under a change in
temperature. For the purpose of establishing allowable
stresses, two types of thermal stress are recognized,
depending on the volume or area in which distortion
takes place, as described in the following subsubpar-
agraphs.

fa) General thermal stress is associated with distor-
tion of the structure in which it occurs. When thermal
stresses are 10 be considered as primary or secondary
loadings, they are in this category. For example, see
T-1331(c).

(b} Local thermal stress is associated with almost
complete suppression of the differential expansion and
thus produces no significant distortion. Such stresses
shall be considered only from the fatigue standpoint
and are therefore classified as peak siresses. Examples
of local thermal stresses are:

{1) the stress in a small hot spot in a vessel wall;

{2) the difference between the actual stress and
the equivalent linear stress resulting from a radial tem-
perature distribution in a cylindrical shell;

(3) the thermal stress in a cladding material which
has a coefficient of expansion different from that of the
base metal.

-3213.15 Operational Cycle is defined as the initi-
ation and establishment of new parameter values fol-
lowed by a return 1o the values which prevailed at the
beginning of the cycle. The description of the types of
plant and system operating conditions, which may oc-
cur in a nuclear energy system are beyond the scope
of Section IIL

-3213.16 Strain Cycle is a condition in which the
strain goes from an initial value, through an algebraic
maximum value and an algebraic minimum value and
then returns to the initial value. In cases where creep
or ratcheting are present in the cycle, there will not
be a return to the initial strain value. Instead the de-
signer will have to examine the hysteresis loop for
inelastic analysis and the stress history for elastic anal-
ysis to determine the end point of the cycle. See T-
1413 for the method of combining cycles for fatigue
analysis. A single operational cycie may resuit in one
or more strain cycles. Dynamic effects shall also be
considered as strain cycles.

-3213.17 Fatigue-Strengih-Reduction Factor is a
stress-intensification or a strain-intensification factor
which accounts for the effect of a local structural dis-
continuity (stress or strain concentration) on the fa-
tigue strength. Factors currently exist only for cycles
which do not involve significant creep effects.

-3213.18 Free-End Displacement consists of the rel-
ative motions that would occur between a fixed at-
tachment and connected piping if the two members
were separated and permiited 10 move.

-3213.20 Deformation. Deformation of a com-
ponent part is an alteration of its shape or size.

-3213.21 Inelasticity. Inelasticity is a general
characteristic of material behavior in which the ma-
teria] does not return to its original shape and size
after removal of all applied loads. Plasticity and creep
are special cases of inelasticity.

-3213.22 Creep. Creep is the special case of ine-
lasticity that relates to the stress induced time-depen-
dent deformation under load. Small time-dependemt
deformations may occur after the remaval of all applied
loads.

-3213.23 Plasticity. Plasticity is the special case
of inelasticity in which the material undergoes time-
independent nonrecoverable deformation.

-3213.24 Plastic Analysis. Plastic analysis is that
method which computes the structural behavior under
given loads considering the plasticity characteristics of
the materials including strain hardening and the stress
redistribution occurring in the structure.

-3213.25 Plastic Analysis — Collapse Load. A
plastic anatysis may be used to determine the collapse
load for a given combination of loads on a given struc-
ture. The folliowing criteria for determination of the
collapse load shall be used. A load-deflection or load-
strain curve is plotted with load as the ordinate and
deflection or strain as the abscissa. The angle that the
linear part of the load deflection or load strain curve
makes with the ordinate is called 8. A second straight
line, hereafter called the collapse limit line is drawn
through the origin so that it makes an angle ¢ = tan~’
(2 tan &) with the ordinate. The collapse load is the
load at the intersection of the load-deflection or load-
strain curve and the collapse limit line. If this method
is used, particular care should be given to assuring that
the strains or deflections that are used are indicative
of the load carrying capacity of the structure.

-3213.26 Plastic Instability Load. The plastic in-
stability load for members under predominantly tensile
or compressive loading is defined as that load at which
unbounded plastic deformation can occur without an
increase in load. At the plastic-tensile instability load
the true stress in the material increases faster than
strain hardening can accommodate.
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-3213.27 Limit Anaiysis. Limit analysis is a spe-
cial case of plastic analysis in which the material is
assumed to be ideally plastic (non-strain hardening).
In limit analysis the equilibrium and flow character-
istics at the limit state are used to calculate the collapse
load. The two bounding methods which are used in
limit analysis are the lower bound approach which is
associated with a staticaily admissible stress field, and
the upper bound approach which is associated with a
kinematically admissibie velocity field. For beams and
frames the term “mechanism”™ is commonly used in
lieu of “kinematically admissible velocity field.”

+3213.28 Limit Analysis —— Collapse Load. The
methods of limit analysis are used to compute the
maximum carrying load for a structure assumed to be
made of ideally plastic material. If creep effects exist,
then the influence of time-dependent deformations on
the collapse load shall be considered.

=3213.29 Calculated Collapse Load-Lower Bound.
If, for a given load, any system of stresses can be found
which - everywhere satisfies equilibrium and nowhere
exceeds the matertal yield strength, the load is at or
below the collapse load. This is the lower bound theo-
rem of limit analysis which permits calculations of a
lower bound to the collapse load. If creep effects exist,
then the influence of time-dependent deformations on
the coliapse load shall be considered.

-3213.30 Plastic Hinge. A plastic hinge is an
idealized concept used in Limit Analysis. In a beam
or a frame, a plastic hinge is formed at the point where
the moment, shear, and axial force lie on the yield
interaction surface. In plates and shells a plastic hinge
is formed where the generalized stresses lie on the yield
surface.

.3213.31 Strain Limiting Load, When a limit is
placed upon a strain, the load associated with the strain
limit is called the strain limiting load.

-3213,32 Test Collapse Load. Test collapse load
is the collapse load determined by tests according to
the criteria given in Article II-1430 of Section IIL

-3213.33 Ratcheting is a progressive cyclic inelastic
deformation. Total inelastic strain per cycle may vary
from cycle to cycle in the most general sitvation. Stable
ratcheting occurs when the net inelastic strain from a
given load cycle is constant for subsequent cycles.

{a} Progressive incremental inelastic deformation
can occur in a component that is subjected to cyclic
variations of mechanical secondary stress, thermal sec-
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ondary stress; or both in the presence of a primary
stress.

b} Where creep effects are significant, creep ratch-
eting can occur, even in the absence of plastic yielding.
At least two mechanisms are involved in creep ratch-
eting. First, creep can alter the residual stresses and
thus affect the time-independent behavior. Secondly,
the time-dependent deformation can be enhanced be-
cause of the nonlinear interaction of primary and sec-
ondary stresses. This latter effect is referred to as en-
hanced creep.

-3213.34 Shakedown is the absence of significant
progressive, cyclic, inelastic deformation, or ratcheting
{-3213.23). A structure shakes down if, after a few
cycles of load application, the deformation stabilizes.

-3213.35 Design Information on the Nameplate are
the Design Temperature and the Design Pressure for
the zone of the structure nearest the pressure-relief
device (or the top of the component if there are no
pressure-relief devices). The values for these parame-
ters shall appear on the nameplate.

+3213.36 Use-Fraction is the material damage due
to primary stresses expressed as a time ratio.

-3213.37 Fatigue Damage is that part of the total
material damage caused by cyclic deformation which
is independent of time effects (e.g., stress holdtime,
strain holdtime, frequency). The damage is expressed
in terms of a cycle ratio.

.3213.38 Creep Damage is that part of the total
material damage caused by time exposure to steady
and transient stresses at elevated temperatures, ex-
pressed as a time ratio. (Relaxation damage is a form
of creep damage.)

-3213.39 Creep-Fatigue Interaction is the effect of
combined creep and fatigue on the total creep-fatigue
damage accumulated at failure.

-3214 Stress Analysis. A detailed stress analysis of
all major structural components shall be prepared in
sufficient detail to show that each mle or limit of
-3220 and -3230 is satisfied when the component is
subjected to the loadings described in -3111. This de-
tailed analysis shall become a part of the Stress Report
{NCA-3550}.

-3214.1 Elastic Analysis. The analysis guidelines
and methods in Article NB-3000 apply (-3211). As ¢
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aid to the evaluation of these elastic stresses, formulas
and methods for the solution of certain recurring prob-
lems have been placed in Appendix A.

-3214.2 Inelastic Analysis, When thermal and
mechanical loadings are sufficiently severe 10 produce
yielding and/or when thermal creep processes are ac-
tive, inelastic design analysis may be required. The

rules and limits of Appendix T were established with

the expeciation that inelastic analyses would some-
times be required, and that such analyses would be
sufficiently comprehensive to predict significant be-
havioral features. Generally, this requires analysis of
combined time-independent elastic-plastic material be-
havior and time-dependent creep behavior capable of
predicting stresses, strains, and deformations as func-
tions of time for specific thermai-mechanical load his-
tories.

The constitutive equations, which describe the ine-
lastic behavior, should reflect the following features
when they have a significant influence on structural
response: the effects of plastic strain hardening includ-
ing cyclic loading effects and the hardening or sofiening
which can occur with high-temperature exposure; pri-
mary creep and the effects of creep strain hardening
as well as softening {due to reverse loadings); and the
effects of prior creep on subsequent plasticity, and vice-
versa.

The basis for choosing the selected methods and
relations used should be included in the Design Report.

Since the rules and limits incorporate design factors
and margins to account for material property varia-
tions and uncertainties, it is generally appropriate 1o
use average stress-strain and creep data in inelastic
design analyses. The buckling and instabiiity limits of
Appendix T are an exception; in T-1510(g) it is stated
that the mintmum expected stress-strain curve should
be used.

-3214.3 Mechanical Properties. The values of
some mechanical properties needed for analysis are
listed in Appendix I-14 and in Appendix T of this
Case. Properties covered include:

{a) Isochronous stress-strain curves

{b) Yield strength

fc) Stress-to-rupture

{d} Modulus of elasticity

(e} Instantanegus and mean coefficients of thermal
expansion

Other mechanical property relations used in the
analysis shall be described and justified in the Stress
Report.
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-3215 Derivation of Stress Intensities. One require-
ment for the acceptability of a design (-3210) is that
the calculated stress intensities shall not exceed spec-
ified allowable limits. These limits differ depending on
the stress category (primary, secondary, etc) from
which the stress intensity is derived. This paragraph
describes the procedure for the calculation of the stress
intensities which are subject to the specified limits. The
steps in the procedure are stipulated in the following
subparagraphs.

{a) At the point on the component which is being
investigated, choose an orthogonal set of coordinates
such as tangentizal, longitudinal and radial, and des-
ignate them by the subscripts,  / and » The stress
components in these directions are then designated o,
o, and o, for direct stresses and 7, 7, and 7, for
shearing stresses.

fb} Calculate the stress components for each type of
loading to which the part will be subjected and assign
each set of stress values to one or a group of the
following categories:

P.. P, = Average primary stress components as de-
fined in -3213.8 and -3213.10.

P,= Primary bending stress components at a
surface as defined in -3213.8,

0= Secondary stress components as defined in
-3212.9.

F="Peak stress components as defined in
-3213.11. Tables -3217-1 and -3217-2 pro-
vide assistance in the determination of the
category to which a stress should be as-
signed.

It should be noted that each of the symbols for the
above stress categories represents six scalar quantities
corresponding to the six stress components, o, oy, T,
T Ti» and 7,. In the particular case of the six mem-
brane stress components, each component shall be av-
eraged across the thickness of the structural section.*

{c) For each category, calculate the algebraic sum
of the o’s which result from the different types of
loadings and similarly for the other five stress com-
ponents. Certain combinations of the categories must
also be considered.

(d) Translate the stress components for the £, / and
r directions into principal stresses, o), o7, and o;. (In
many pressure component calculations, the ¢, /, and r
directions may be so chosen that the shearing stress
components are zero and o), o, and ¢; are identical
to o, o) and o,

SUPP.3 — NC
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(e} Calculate the stress differences S,,, 555, and S,
from the relations

S =0, -0,
Sy =0y — oy
S=m; — @

The stress intensity, §, is the largest absolute value
of §,5, 83, and S;,.

-3216 Derivation of Stress Differences and Strain
Differences. "The ability of the component to with-
stand the specified cyclic operation without creep-
fatigue failure shall be determined as in -3250. The
evaluation shall demonstrate, by evaluating the
stresses and strains at selected points of the com-
ponents, that the combined creep-fatigue damage is
everywhere within design limits. Only the stress and
strain differences due to the operational cycles as
specified in the Design Specifications need be con-
sidered.

-3217 Classification of Stresses. Tables -3217-1
and -3217-2 provide assistance in the determination

of the category to which a stress should be assigned..

For portions of the component not exposed to ele-
vated temperature service, the classification or cat-
egory may be selected as in NB-3000.

+3220 Design Rules and Limits for Load-Controlled
Stresses in Structures Other than Bolts

-3221 General Requirements

{a} The rules for design against failure from load-
controlled stresses are illustrated in Fig, -3220-1 and
are explained in -3220. The allowable stress-intensity
values used in -3220 are listed in Tables I-1.0 of Ap-
pendix I and Table I-14.0. Note that the strain, de-
formation and fatigue limits of -3250 require analyses
beyond those required by the rules of -3220,

(b) The stress-intensity limits used in Fig. -3220-1
and throughout this Case are defined for base metal
and at weldments as foifows:

(1) Base Metal

§,= the maximum allowable value of general
primary-membrane stress-intensity to be used as a
reference for stress calculations under Design Load-
ings. The allowable values are given in Table 1-14.2.
(The values correspond to the appropriate § values

SUPP.3 - NC
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given in Table I-7.0 and I-8.0 of Appendix I and ir
Section VIIL, Division 1 of the Code.)

Sn= the aliowabie limit of general primary-
membrane stress intensity to be used as a reference
for stress calculations for the actual service life and
under the Level A and B Service Loadings; the al-
jowable values are shown in Fig. I-14.3 and in Table
I-14.3, The S,, values are the lower of two stress
intensity values, S, (time-independent) and §, {time-
dependent),

S..= the lowest stress intensity value at a given
temperature among the time-independent strength
quantities which are defined in Article II11-2000 as
criteria for determining S,,; in this Case, the §,, val-
ues are extended to elevated temperatures by using
the same criteria.

§,= a temperature and time-dependent stress
intensity limit; the data considered in establishing
these values are obtained from long-term, constant
load, uniaxial tests. For each specific time, ¢, the S,
values shall consider test results including: (2) the
stress required to abtain a total (elastic, plastic, pri-
mary and secondary creep) strain of 1%, (b) the
stress to cause initiation of tertiary creep and (c) the
stress to cause rupture.

S,= the yield strength of a material at a given
temperature.

(2) Weldments

S,= temperature and time-dependent stress
intensity limit at a weldment, and shall be taken as
the lower of the tabulated §, value from Table I-14.4,
or

085 x R

where S, is the expected minimum stress-to-rupture
strength given in Table I-14.6, and R is the appro-
priate ratio of the weld metal creep rupture strength
to the base metal creep rupture strength from Table
1-14.10. The lowest S, value of the adjacent base met-
als shall be utilized for the weldment.

S..= the allowable limit of general primary
membrane stress intensity, and shall be taken as the
lower of the S_, value from Table I-14.3, or

0885, xR

-3222 Design and Service Limits

-3222.1 Design Limits. The stress calculations
required for the analysis of Design Loadings (-3113.1)
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TABLE -3217-1
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Vessel Component

Location

Origin of Stress

Type of Stress

Classification

Cylindrical or sphari-

Shell plate remote from Internai pressure General membrane [
cal sheil discontinuities Gradient through plate thickness Q
Axial thermal gradient Membrane Q*
Bending Q
Junction with head or Internal pressure Membrane P,
flange Bending Q*
Any shell or head Any section across entire External load or moment, General membrane averaged
vessel or internal pressure across full section. Stress p
component perpendicular to m
cross section
External load or moment Bending across full section.
Stress component perpendic- P,
ular to cross section
Near nozzle or other Externai load or moment, Local membrane P,
opening or internal pressure Bending Q
Peak (fillet or corner) F
Any location Temp. diff. between shell Membrane Q
and head Bending Q
Dished head or coni- Crawn Internal pressure Membrane P.
cal head Bending P,
Knuekle or junction to Internal pressure Membrane P}
sheli Bending Q
Flat head Center region Internal pressure Membrane Po
Bending [N
Junctien to shell Internal pressure Membrane P,
Bending @
Perforated head or Typicai ligament in 2 unij- Pressure Membrane (Av, thru cross sec- P.
shetl form pattern tion)
Bending (Av. thru width of fig,, P,
but gradient thru plate}
Peak F
Isolated or atypical Pressure Membrane Q
Ligarnent Bending F
Peak F
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TABLE -3217-1 (Cont'd)

Vessel Component

Location

Origin of Stress

Type of Stress

Classification

Nozzie (-3227.5)

Within the limits of re-

Pressure and external General membrane P,
inforcement defined by loads and moments in- Bending (other than gross struc- P,
-3334 cluding those attrib- tural discontinuity stresses)
utable to restrained averaged through nozzle
free end displacements thickness
of attached piping
Qutside the limits of re- Pressure  and external General membrane stresses P,
inforcement defined by axial, shear, and tor-
-3334 sional loads other than
those attributable to
restrained free end
displacements of at-
tached piping
Pressure and external Membrane P,
loads and moments Bending P,
other than those at-
tributable to  re-
strained free end
displacements of at-
tached piping
Pressure and all external Membrane P
loads and moments Bending Q
Peak F
Nozzle wall Gross structural discon- Local membrane P,
tinuities at nozzle to Bending Q
shell junction Peak F
Any Differential expansion Membrane Q*
Bending Q
Peak F
Cladding Any Differential expansion Membrane F
Bending F
Any Any Radial temp. Equivalent Linear stress’ Q
Distribution?
Nenlinear portion of stress dis- F
tribution
Any Any Any Stress concentration (notch ef- F

fect)

Nates to Table -3217-1

'Consideration must also be given to the possibility of wrinkling and excessive deformation in vessels with large diameter-to-thickness ratio.
*Consider possibility of thermal stress ratchet (see -3250),

*Equivalent linear stress is defined as the linear stress distribution which has the same net bending moment as the actual stress distribution

“These classifications may be modified for purposes of certain criteria in Appendix T,

*1f the bending moment at the edge is required to maintain the bending stress in the middle to accaptable limits, the edge bending is classufuec.
as P,. Otherwise, it is classified as Q.
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TABLE -3217-2
CLASSIFICATION OF STRESS INTENSITIES IN PIPING, TYPICAL CASES

Discontinuities

Caonsidered

Piping Component Locations Qrigin of Stresses Classification? Grass Local

Pipe or tube, elbows, and re- Any, except crotch regions Internal pressure Po No No

duters. Intersections and of Intersections P, and Q Yes No

branch connections except in F Yes Yes

the crotch regions Sustained mechanical loads P, No Ne

including weight P, and @ Yes No

F Yes Yes

Expansion P, P,and Q' Yes No

F Yes Yes

Axial thermal gradient Q! Yes No

F Yes Yes

Intersections, including tees In the crotch region Intemal pressure, sustained P, and Q' Yes No

and branch connections mechanical ioads and expan- F Yes Yes

sion

Axial thermal gradient Q* Yes No

F Yes Yes

Bolts and flanges Any Internal pressure, gasket P.. No Ne

tompression, bolt icad Q Yes No

F Yes Yes

Thermal gradient Q! Yes No

F Yes Yes

Expansion P, P,and @* Yes No

F Yes Yes

Any Any Nonlinear radial thermai F Yes Yes
gradient

Linear radial thermal gradient Q! Yes No

'These classifications may be modified for purposes of certain criteria in Appendix T.

See -3138 and -3213.B.
*Analysis is not required when reinforced in accordance with -3643.

shall be based on a linearly-elastic material model. The
calculated stress intensity values shall satisfy the limits
of (a) and (b) below.

(a} The general primary-membrane stress intensity,
derived from P,, shall not exceed §,.°

P < 5 I

(b} The combined primary-membrane-plus-bending
stress intensity, derived from P; and P,, shall not ex-
ceed 1.5 S,

PL+ P) < (15) 5 @
®T'o satisfy Eq. (1) for straight cylindrical shapes, the minimum wall

thickness may be calculated by the equations in PG-27 of Section
1. Power Boilers, using 5, in place of 5.

3

Note that the local primary-membrane stress, £,
inciudes the general primary-membrane stress, P,,. As
in Subsection NB, the left-hand side of Eq. (2) does
not represent a simple algebraic combination since Py
and P, may each represent as many as six quantities
[-3215(b)].

{c) External pressure and other compression-induc-
ing loadings shall be investigated for adequate buckling
strength, using the limits of NB-3133 or other limits
and time-independent factors permitted under Par.
-3252.

-3222.2 Level A Service Limits. The stress inten-
sity limits for Level A Service Limits (-3113.3) also
apply to the stresses under both Level A and B Service
Loadings, The limits for both are given in -3223.

-3223 Level A and B Service Limits. The stress cal-
culations required for the analysis of Level A and B
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FIG. 3220.1 FLOW DIAGRAM FOR ELEVATED TEMPERATURE ANALYSIS
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Service Loadings (-3113.4) are based on a linearly-
elastic material model. The calculated stress-intensity
values shall satisfy the conditions of (a) through (f)
below.

{a) The general primary-membrane stress intensity,
derived from P,, for Level A and B Service Loadings,
shall not exceed §,,,..

P 2 S €)]
where 5, is determined for the time, 4, corresponding
to the total duration of the particular leading during
the entire service life, and for temperature, T, corre-
sponding to the maximum wall-averaged temperature
that occurs during the particular loading event.

{b) When time, £, [in (a) above] is less than the total
specified service life of the component. the cumulative
effect of all the loadings shall be evaluated by the use-
fraction sum in -3224(b). In addition, it is permissible
and often advantageous to subdivide a loading history
into several load levels and into several temperatures
at any given load level.

(c) The combined primary-membrane-plus-bending
stress intensities, derived from P, and P, for Level A
and B Service Loadings, shall satisfy the following
limits with

P, + P, < KS,, @)

P+ P/K < S, (%)

The factor K, accounts for the reduction in extreme
fiber bending stress due to the effect of creep. The
factor is given by

K=&+ )2 (6}

The factor, K, is the section factor for the cross section
being considered. It is the ratio of the load set pro-
ducing a fully plastic section to a load set producing
initial yielding of the extreme fiber of the cross section.
In evaluating the initial yield and fully plastic section
capabilities, the ratios of each individual load in the
respective load set to each other lpad in that load set
shall be the same as the respective ratios of the indi-
vidual loads in the specified service load set. Values of
K for various sections are given in Table A-9221(a)-1
of Appendix A of Section IIL

{d) In evaluating across-the-wall bending of sheli-

33

type structures, K = 1.5 (for rectangular sections) shall
be used. Thus, for across-the-wall shell bending, X, =
1.25 in Eq. (6). Note that the classification of stresses
of primary-membrane or primary-bending for use with
these section factors shall be consistent with the specific
rules for the component type (see -3300 to -3600).

(e) In Eqg. (5), the S, value is determined for the
time, ¢ corresponding to the total duration of the com-
bined stress intensity derived from P, and P,/K, and
the maximum wail-averaged temperature, T, during
the entire service life of the component.

{f? When ¢ is less than the total service life of the
component, the cumulative effect of all [P, + (P,/K )]
loadings shall be evaluated by the use-fraction sum of
-3224(d). It is permissible and often advantageous 10
separate a loading history into several load levels and
into several temperatures at any given load level.

{g} Under all conditions where a bending loading
OCCUrs across a section, the propensity for buckling of
that part of the section in compression shall be inves-
tigated under the requirements of -3250.

-3224 Level C Service Limits. The stress calcula-
tions required for Level C Service Loadings analysis
are based on a linearly-elastic matenal model. The
calculated stress intensity values shall satisfy the con-
ditions of (a) through (d) below.

{a) The general primary-membrane stress intensity,
derived from P, for Leve] C Service Loadings, shall
not exceed the smaller of 1.2 §, and 1.0 §,.

128,

A 10 S,

m =

)

(b} In addition, the use-fraction sum associated with
the general primary-membrane stresses for all incre-
ments of primary loadings during Levels A, B, and C
Loadings shall satisfy the following requirements:

(8)

where
¢,= the total duration of a specific loading, £,
at elevated temperature, T, during the entire
service life of the component. Note that X1
i

is that part of the component service life at
elevated temperatures (i.e., temperatures
above values governed by the rules of Sub-
section NB as explained in -3211).

SUPP. 3 -~ NC
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Curve at applicable temperature
{from either Figs. I-14.4 or |-14.6)

e — M 1.
tn\.
\6 =
o
{ 1.5 Ppya |
‘ or ]
1.25 t2m OF t2r
(’1 art ——
Time
FIG. -3224.1 USE-FRACTIONS FOR MEMBRANE
STRESS
Curve at applicable temperature
{from either Figs. [-14.4 aor 1. 14.6)
N . IPLvPbIK‘h‘ —
“ or l
Q 15, +P 1K)
o Lar b r |
1
1.25 . .
—RIPL4PbIKrJr f:‘borffbr.

Time

FIG. -3224.2 USE-FRACTIONS FOR MEMBRANE-
PLUS-BENDING STRESS

t,»= maximum ailowed time under the load stress
intensity, S;, as determined from a graph of
S,-vs.-time (see Fig. 1-14.4).

B= use-fraction factor and is equal to 1.0 [or less
if so specified in the Design Specifications
(NCA-3250)].

The use of Fig. I-14.4 for determining f,, for two
loading conditions at two different temperatures is
shown schematically in Fig, -3224.1. In Fig. -3224.1,

SUPP.3 — NC
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P.. (i = 1, 2,3, etc.) represents the calculated mem-
brane stress intensity for the loading condition and
temperature in question; and T, represents the max-
imum locat wall-averaged temperature during 1, Note
that it may be desirable to consider that a given stress
intensity, P,,, acts during several time periods, ¢, in
order to take credit for the fact that the temperature
varies with time.

(c) The combined primary-membrane-plus-bend-
ing stress intensities, derived from P, and P, for Level
C Service Loadings shall satisfy the following limits,
with1.0 < K < 15

P, + P, < 1.2KS,, (9)

P+ PJK <, (10)

where K, is defined as in -3223(c).

(d) In addition, the sum of the use-fractions as-
sociated with the primary-membrane-plus-bending
stresses for all increments of primary loadings during
Levels A, B, and C Service Loadings shall not exceed
the value, 1.00.

s ('—) < 1.00
¢\l

where 7, is the total duration of the loading at tem-
perature, T, and ¢, is the time value determined by

entering Fig. 1-14.4 at a value of stress equal to
P, + PJK, as shown in Fig. -3224.2.

48!

-3225 Level D Service Limits. The rules of this par-
agraph may be used in the evaluation of components
subjected to loads specified as Level D Service Load-
ings.

(a) The rules in -3225 (and in Appendix F) shall
be applied in all instances unless alternative or sup-
plementary criteria, as required by public health and
safety considerations for specific components or sys-
tems, are defined in, and made applicable by the
Owner's Design Specifications [NCA-3250]. The type
of analysis (elastic or inelastic) used by the system
designer shall be indicated in the Design Specifica-
tions (see F-1322.1).
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(b) The general primary-membrane stress intensi-
ty, derived from P,, for the Level D Service Loadings,
shail not exceed the smaller of 0.67 S,, 0.8 $.R, and
one of the Level D Service Limits in Appendix F.

0.67 S, (12)

Limit in Appendix F for P,,
P, =
0.8 5R

where S5, is the expected minimum stress-
to-rupture in time f taken from

341
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Fig. I-14.6 and R is the appropriate ratio of the weld
metal creep fatigue strength to the base metal
strength from Table 1-14.10.

(c) In addition, the use-fraction sum associated
with the general primary membrane stresses that
arise from all Service Loadings, shall satisfy the re-
quirement:

where
t,=the total duration of a specific loading, P,_,
at elevated temperature, T, during the en-
tire service life of the component, Note that
Z(t) is that part of the component service
t

life at elevated temperatures (i.e., temper-
atures above values governed by the rules of
Subsection NB, as explained in -3211).

t, = maximum allowed time under the load stress
intensity 1.5 P, for base metal or, for weld-
ments, the higher of 1.5 P,, or (1.25/R) F,...
The allowable time under load is deter-
mined from the graph of minimum stress-ta-
rupture vs. time (see Fig. I-14.6).

B,=use fraction factor and is equal to 1.0 (or
less if so specified in the Design Specifica-
tions {NCA-3250)).

The use of Fig. I-14.6 for determining 1, for two
loading conditions at two different temperatures is
shown schematically in Fig. -3224.1. In Fig. -3224.1,
L5 P, (i = 1,2, 3, etc.) represents 1.5 times the
calculated membrane stress intensity for the loading
condition and temperature in question; and T, rep-
resents the maximum local wall-averaged tempera-
ture during £. Note that it may be desirable to con-
sider that a given stress intensity acts during several
time periods, ¢, in order to take credit for the vari-
ation of temperature with time,

(d) The combined primary-membrane-plus-bend-
ing stress intensities, derived from P, and P,, shall
satisfy the following limits, with 1.0 < K < 1.5, and
Level D Service Limits in Appendix F for P, + P,.

0.67 5,

P, +PJK = {0_3 S xR (13)
where X, is defined in -3223(c).
(e) In addition, the sum of the use-fractions as-

sociated with the primary-membrane-plus-bending
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stresses that arise from all Service Loadings, shall not
exceed the value of 1.00.

2(E) <1

where £, is the total duration of loading at tempera-
ture, 7, and #,, is the time value determined by en-
tering Fig. I-14.6 at a value of stress equal to 1.5 (P,
+ P,JK,) for base metal or higher of 1.5 (P, + PJK)
or 1.25 (P, + P/K,)/R for weldments as shown in
Fig. -3224.2. For the purpose of Section III, Appen-
dix F calculations the yield strength and tensile
strength values shall be defined as follows:

(1) Yield strength values shall be the product of
the value shown in Table I-14.5 and the strength re-
duction factor shown in Tables 3225-2 and 3225-3A
and 3225-3B

(2) Tensile strength values shall be the product of
the value shown in Table 3225-1 and the strength
reduction factor shown in Tables 3225.2 and 3225-
3A and B.

where the strength reduction factor is selected as a
function of the accumuiated time-temperature °

tory to which the component has been exposed p.

to the event under analysis. Where a component has
been exposed to a varying temperature history the
reduction factor employed shall be determined by
assurning that the component has operated at the
maximum temperature throughout its prior opera-
tional life (exclusive of Level D Service Condition.)

-3226 Pressure Testing Limitations. During any
static pressure testing, the following limits shall not
be exceeded in any structural part:

(a) The general primary-membrane stress intensity
shall not exceed 90% of the tabuiated yield strength
at temperature; ‘

(b) The primary-membrane-plus-bending stress in-
tensity shall not exceed 135% of the tabulated yield
stress at temperature.

{c) The external pressure shall not exceed 135%
of the maximum pressure allowed by the design rules
of -3250.

<3227 Special Stress Limits. The following devia-
tions from the basic stress limits are provided to cov-
er special operating conditions or configurations.
Some of these deviations are more restrictive and
some are less restrictive than the basic stress limits.
In cases of conflict between these reguirements 2

SUPP, 10 - NC


http:1-14.10

CASE {continued]

N-47-32

SUPP. 10 — NC

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

TABLE 3225-1
TENSILE STRENGTH VALUES (S,)
For Metal
Temperature NI-Fe-Cr
Not Exceeding, °F 30458 3165S Alioy BOOH 2 ¥,Cr-1Mo
At min, UTS 70.0 75.0 75.0 &5.0 60.0
700 59.3 6£3.5 71.8 61.9 58.2
750 58.9 63.1 78.4 61.9 58.2
800 58.5 62.7 70.9 61.9 58.2
850 57.7 61.9 69.7 61,9 58.2
900 57.0 61.0 68.5 61.8 58.2
950 55.4 59.4 66.5 61.2 58.2
1000 53.9 57.7 64.4 60.2 54.7
1050 51.6 55.3 619 89.0 48.8
1100 48.5 52.0 £8.6 56.8 36.6
1150 45.4 48.6 55.3 54.0 353
1200 42.4 45.4 51.2 50.4 26.1
1250 39.3 42.1 47.0 47.1
1300 35.4 319 42.9 43.5
1350 ao.s 330 k14 35.0
1400 27.0 28.9 338 337
1450 231 24.7 29.7 [
1500 19.3 20.7 24.8 R

GENERAL NOTES:
{a} The tabulated values of tensile strength and yield strength are those which the Committee believes are

(b

suitable for use in design calculations required by this Section. At temperatures above room temperature,
the values of tansile strength tend toward an average or expected value which may be as much as 10%
above the tensile strength trend curve adjusted to the minimum specified room temperature tensile
strength. At temperatures above room temperaturs, the yleld strength values-correspond to the yieid
strength trend curve adjusted {o the minimum specified room temperature yield strength. Naither the
tensiie strength nor the yield strength values correspond exactly to either “average’’ or “minimurn’ as
these terms are applied 10 a statistical treatment of a homogeneous set of data.

Neither the ASME Material Specifications nor the rules of this Section require elevated temperature
testing for tensile or yieid strengths of production material for use in Code components. [t Is not intended
that results of such tests, If performed, be compared with these tabulated tensile and yleid strength values
for ASME Code acceptance/rejection purpoases for materials. If some elevated temperature test results on
production material appear lpwer than the tabulated values by a large amount (more than the typical
variablilty of material and suggesting the possibility of some error) further Investigation by retest or other
means shoutd be considered.

36
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TABLE 3225-2
TENSILE AND YIELD STRENGTH REDUCTION
FACTOR DUE TO LONG TIME PRIOR
ELEVATED TEMPERATURE SERVICE

¥s 15
Service Reduction Reduction
Material Temp. °F Facwor Factor
30488 > 900 1.00 0.80
3168/% = 900 L.00 0.80
800E 1350 0.90 0.90
2 Y Cr-1Mo = 800 [Note (1)] - [Note (1)]

GENERAL NOTE:

Mo reduction factor required for service below

the indicated temperature,

NOTE:

(1) See Table 3225-3.

CASE (continued)
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TABLE 3225-3A
YIELD STRENGTH REDUCTION FACTORS FOR 2%, Cr-1Mo

Temp. °F  LEQ 1E1 3.E1 1E2 3E2 1E3 3.E3 1E4 3.E4 1E5 3.E5
700 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00
750 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
800 1.00 1.00 1.80 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
850 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92
900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.93 0.86
950 1.00 1.00 1.00 160 1.00 1.00 1.00 0.99 0.91 .- . 0.85 0.80
1000 1.00 1.00 1.00 1.00 L.00 1.00 0.99 0.91 0.95 0.79 0.74
1050 1.00 1.00 1.00 1.00 1.00 0.96 0.90 0.84 0.78 a.72 0.7
1100 3.00 1.00 1.00 1.00 1.00 0.91 0.85 0.79 0.73 0.68 0.63
1150 1.00 1.00 1.00 100 0.94 a.86 - . . . .

1200 1.00 0.90 .83 0.77 0.70 0.65 . . .
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TABLE 3225-38
TENSILE STRENGTH REDUCTION FACTORS FOR 2Y, Cr-1Mo

Temp.°F LEO 1E1 3.E1 1E2 3.E2 163 3.63 1.E4 3.E4 1.E5 3ES

700 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00 1.00 1.00
750 1.00 1.00 1.00 l1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
800 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 0.98 0.94
850 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.92 0.88
900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.92 0.86 c.82
950 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.91 0.86 0.82 0.77
1000 1.00 1.00 1.00 1.00 1.00 0.97 0.92 0.86 .82 0.7¢ 0.72
1050 1.00 1.00 1.00 1.00 100 0.92 0.88 0.82 0.77 0.71 0.67
1100 1.00 1.00 1.00 1.00 0.94 0.88 0.83 0.77 0.72 0.67 0.62
1150 1.00 1.00 1.00 0.95 0.89 0.83
1200 1.00 1.00 1.00 0.90 0.84 0.78

SUPP. 10 —~ NC 362
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the basic stress limits, the rules of -3227 take prec-
edence for the particular situations to which they ap-
Ply.

-3227.1 Bearing Loads

{a) The average bearing stress for resistance to
crushing under the maximum load, experienced as a
result of load categories other than Level D Service
Loading, shall be considered.

The average bearing stress for Service Levels A, B
and C shall be limited to the lesser of:

(1) the tabulated yield strength at the Service
Temperature; or,

(2) the stress at 0.2% offset strain as obtained
from the isochronous stress-strain curve for the tem-
perature of service and for the time duration equal
to the total service life the component is expected to
spend at temperatures greater than those listed in
Tabie 1-1.0.

(b) For clad surfaces, the properties of the base
metal may be used if, when calculating the bearing
stress, the bearing area is taken as the lesser of the
actual contact area or the area of the base metal
supporting the contact surface.

fc) When bearing loads are applied near free
edges, such as at a protruding edge, the possibility of
a shear failure shail be considered. The average shear
stress shall be limited to 0.6 S,,, in the case of load-
controlled stresses. For clad surfaces, if the config-
uration or thickness is such that a shear failure could
occur entirely within the clad material, the allowable
shear stress for the cladding shall be determined
from the properties of the equivalent wrought ma-
terial. If the configuration is such that a shear failure
could oceur across a path that is partially base metal
and partially clad material, the allowable shear

stresses for each material shall be used when evalu- -

ating the combined resistance to this type of failure.

=3227.2 Pure Shear

{a) The average primary shear stress across a sec-
tion loaded in pure shear (for example, keys, shear
rings, screw threads), experienced as a resuit of any
loading categories other than Level D Service Load-
ings, shall be limited to 0.6 §,,,,.

(b) The maximum primary shear stress, experi-
enced as a resuit of any loading categories other than
Level D Service Loadings, exclusive of stress concen-
tration at the periphery of a solid circular section in
torsion, shail be limited to 0.8 §,,,.

-3227.3 Progressive Distortion of Non-integral
Connections, Screwed-on caps, screwed-in plugs,

36.3
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shear-ring closures and breech-lock closures are ex-
amples of non-integral connections which are subject
to failure by bell-mouthing or other types of pro-
gressive deformation. If any combination of applied
Joads produces yielding, such joints are subject to
ratcheting because the mating members may become
loose at the end of each complete operational cycle
and start the next cycle in a new relationship with
each other, with or without manual manipulation.
Additional distortion may occur in each cycle so that
interlocking parts, such as threads, can eventually
lose engagement. Such nonintegral connections shall
not be used where service temperatures are expected
to exceed those associated with allowable stress-in-
tensity values for the specific materials as shown in
Tables 1-1.0. '

-3227.4 Triaxial Stresses. The algebraic sum of
the three primary principal stresses (o, + o, + a,)
shall not exceed four times the tabulated value of
S,

-J227.5 Nozzle Piping Transition. The P,_ clas-
sification of stresses resulting from pressure, external
loads, and moments is applicable for that length of
nozzle which lies within the limits of reinforcerr
given by NB-3334, whether or not nozzle reinfor..
ment is provided. Beyond the limits of reinforcement,
a P, classification shall be applied to the general
primary-membrane stress intensity averaged across
the section (not thickness) resulting from combined
pressure and external mechanical [oads, a P, or P,
+ P, classification shall be respectively applied to
local primary-membrane or local primary-mem-
brane-plus-bending stress intensities that result from
design pressure and external mechanical loads; and
a P, + P, + @ classification shall be applied to
primary-plus-secondary stress intensities resulting
from all loads including external load or moment at-
tributable to restrained free end displacement of the
attached pipe.

-3227.7 Requirements for Specially Designed
Welded Seals

{a) Welded seals, such as omega and canopy seais
(NB-4360) shall be designed to meet the pressure-
induced general primary-membrane stress intensity
limits specified in this Case for their materials of
fabrication. (Note that the general primary-mem-
brane stress intensity varies around the toroidal
¢ross-section.)

{b) All other membrane and bending stress ir
tensities developed in the welded seals may be coi

SUPP., 10 —~ NC
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sidered as secondary stress intensities or peak stress
intensities, as appropriate.

-3227.8 Cladding. The ruies of (a) through (d)
below apply to the analysis of clad components con-
structed of material under this Subsection.

(a) Load-Controlled Stresses. No structural strength
shall be attributed to the cladding in satisfying the
load-controlled stress limits in -3200.

(b} Design Dimensions. The dimensions stipulated
in (1} and (2) below shall be used in the design of
the component.

(1) For components subjected to internal pres-
sure, the inside diameter shall be taken at the nom-
inal inner face of the cladding;

(2) For components subjected to external pres-
sure, the outside diameter shall be taken at the outer
face of the base metal.

(¢} Deformation-Controlled Quantities. No structur-
al strength shall be attributed to the cladding in sat-
isfying requirements on buckling instability. How-
ever, the cladding shall be considered in all other
calcula-
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TABLE I-14.1(h)
PERMISSIBLE WELD MATERIALS
Base Matériat Spec. Ne. Class
Type 304 S% and 316 55 $FA.5.4 E 308, E 208L, E 316, E 3161, E 16-8-2
$FA.5.9 ER 308, ER 308L, ER 316, ER 31s6L,
ER 16-8-2
SFA-5.22 E 308, E 308T, E 308LT, E 316T, £ 316LT-1
EXXXT-G {16-8-2 chemistry)
Ni-Fe-Cr (Alloy 800H) $FA.5.11 ENICrFe.2
SFA-5.14 ERNICr-3
2/, Cr-1Mo SFA.5.5 E 90XX-B3 (>0.05% Carbon)
SFA-5.23 EB 3, ECB 3
SFA-5.28 € 90C-B3 {>0.05% Carbon), ER 905-83
SFA-5.29 € 907-83 (> 0.05% Carbon}
TABLE 1-14.2
S, — MAXIMUM ALLOWABLE STRESS INTENSITY (ksi)
{FOR DESIGN CONDITION CALCULATIONS) E
Ni-Fe-Cr
Alloy 800H
(Solutlon
Temp., *F 304 58 316 55 Annealed) 2¥, Cr-1 Mo
100 - 15.0
750 15.0
80O 15.2 159 153 15.0
850 149 15.7 15.1 144
900 14.7 15.5 14.8 13.1
950 14.4 15.4 14.6 11.0
1000 13.8 15.3 14.4 7.8
1050 12,2 14.5 133 5.8
1100 9.8 12.4 12.3 4.2
1150 1.7 9.8 9.8 N
1200 6.1 " 7.4 7.8 1.6
1250 4.7 5.5 6.2 .o
1300 3.7 4.1 5.0 e
1350 2.9 31 3.9 e
1400 2.3 2.3 31
1450 1.8 1.7 )
1500 1.4 1.3
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TABLE 1-14.3B (1)
S — ALLOWABLE STRESS INTENSITY VALUES, 1000 PSI TYPE 316 SS - 30-YS, 75-UTS (30-YS, 70-UTS)

sS

ON — 01 "ddNsS

Temp.°F 1 hr 10 hr 30 hr 102 hr 3x100hr 100hr 3 x 10°hr 10°hr 3 x 10*hr 10%hr 3 x 10 hr
800 15.9 15.9 15.9 15.9 159 159 159 159 15.9 159 159
850 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7
900 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6
950 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5

1000 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.0
1050 15.1 15.1 15.1 15.1 15.1 15.1 15.1 151 14.9 12.5 10.7
1100 14.8 14.8 l14.8 148 14.8 14.8 14.8 139 115 9.5 7.8
1150 14.7 [{14.6)1 14.7 {{14.61 14.7 [(14.6)] 14.7 [(14.6)1 14.7 [{14.6)] 14.2 13.0 10.9 8.9 7.2 5.9
1200 [13.6]1 14.6 [(212.7)] [13.6] 14.6 [(12.7)] ([13.6] 14.6 [{12.7)] [13.6] 14.2 {(12.7)3 12.4 10.6 9.4 8.3 6.9 5.5 4.5
- 1250 [12.2] 14.2 {{11.7)] (12.2)14.2 H11.7)] [12.2114.2 ((11.7)3 11.5 9.8 8.3 7.3 6.3 5.4 4.2 3.3
1300 [11.4] 13.8 {13.4) [{10.7}]1 (11.4112.8 ({10.1] 10.9 ((00.7)3 3.1 1.5 6.4 5.6 4.7 39 31 25
1350 [10.1]112.8 (11.9) [{9.5)] ([10.1] 10.3 [(9.5)] 8.6 7.0 5.9 5.0 4.2 34 2.3 2.1 1.8
1400 (9.01 11.3 (10.5) ({8.4)] 8.2 6.7 5.4 4.5 3.8 31 2.5 2.0 1.5 1.2
1450 [7.819.7 (9.0) [(7.3)] 6.4 5.1 4.1 3.4 2.9 2.2 1.7 1.4 1.0 0.9
1500 [6.2] 7.8 (7.7) [(5.6)] 49 3.9 3.2 2.6 S 21 1.6 1.2 0.9 0.65 0.5
NOTE:

(1) Values In square parentheses [ 1 reflect the effacts of service at the Indicated temperature for 300,000 hr.
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TABLE 1-14.4B
S, — ALLOWABLE STRESS INTENSITY VALUES, 1000 psi TYPE 316 55

Temp, °F 1lhr 10 hr 30 hr 100 3 x10°hr 10°hr 3 x 10°fr 10*hr 3 x 10°hr 10°hr 3 % 10° br

800 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8
850 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 203
900 204 204 204 20.4 20.4 20.4 20.4 204 20.2 189 193
950 20.1 20.1 20.1 20.1 20.1 20.0 20.0 19.7 19.2 18.4 17.6
1000 19.8 19.8 198 19.8 19.8 19.5 19.0 18.2 17.5 16.2 14.0
1050 19.4 19.4 19.2 18.7 18.3 17.6 16.8 15.9 14.9 12.5 10.7
1100 19.1 19.0 18.5 17.8 17.3 16.6 15.9 13.9 115 9.5 7.8
1150 18.5 17.7 17.3 16.4 15.4 14.2 13.0 109 8.9 7.2 5.9
1200 17.8 16.8 15.8 14.2 12.4 10.6 9.4 8.3 6.9 5.5 4.5
1250 17.1 15.2 13.5 115 3.8 83 7.3 6.3 5.4 4.2 33
1300 16.1 12.8 10.9 9.1 7.5 6.4 5.6 4.7 39 31 2.5
1350 14.2 10.3 8.6 7.0 5.9 5.0 4.2 34 2.8 2.1 18
1400 12.0 8.2 6.7 5.4 4.5 3.8 31 2.5 2.0 1.5 1.2
1450 9.7 6.4 5.1 4.1 3.4 2.9 2.2 1.7 1.4 1.0 0.8
1500 7.8 4.9 39 3.2 2.6 2.1 1.6 1.2 0.9 0.65 0.5
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TABLE 1-14.5
YIELD STRENGTH VALUES, 'S,, VS. TEMPERATURE
Ni-Fe-Cr
: Alioy 800H Ni-Ce-Fe-Mo-Cb
Temp,, F 304 55 316 8S (Stresses in ksi Units) 2% Cr-1 Mo Alloy 718
RT 30.0 30.0 25.0 300 150.0
100 30.0 30.0 24.3 30.0 148.4
200 25.0 25.8 22.5 27.8 143.9
300 225 23.3 211 271 130.7
400 20.7 214 20.0 26.9 138.3
500 19.4 19.9 19.0 26.9 136.7
600 18.2 188 18.2 26.9 1354
700 17.7 18.1 17.5 269 1343
750 7.3 17.8 17.2 26.9 133.7
800 16.8 17.6 17.0 26.7 1331
850 16,5 17.4 16.6 26.2 132.4
900 16.2 17.3 16.5 25.7 1315
950 15.9 17.1 16.2 24.8 130.5
1000 15.6 17.0 16.0 23.7 1294
1050 15.2 16.7 158 22.4 128.0
1100 14.7 16.5 15.6 204
1150 14.4 164 15.5 18.5
1200 14,1 16.2 15.3 16.2
1250 13.7 15.8 15.1
1300 13.2 15.3 14.7
1350 12.5 14.9 14,5
1400 11.6 14.4 14.0
1450 10.6 13.8 13.5
1500 ¢.5 131 130
1550 12.0
1600 11.2

'The tabulated vaiues of yield strength are those which the Committee believes are suitable for use in
design caiculations required by this Case. At temperatures above room temperature the yield strength
values correspond to the yisld strength trend curve adjusted to the minimum specified room temperature
yield strength. The yield strength values do not correspond exactly to gither “average’ or “minimum” as
these terms are applied to a statistical treatment of a homogeneous set of data.

Neither the ASME Materials Specifications nor the rules of this Case require elevated temperature
testing for yield strengths of production material for use in Code components. It is not intended that
results of such tests, if performed, be compared with these tabulated yield strength vaiues for ASME
Code acceptance/rejection purposes for materials. If some efevated temperature test results on production
material appear lower than the tabulated values by a large amount (more than the typical variability of

material and suggesting the possibility of some error} further investigation by retests or other means
should be considered.
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TABLE 1-14.6B
EXPECTED MINIMUM STRESS-TO-RUPTURE VALUES, 1000 psi TYPE 316 S§

Temp,, *F lhr 10 hr 30 hr 102hr 3 x 10°h 10Phr 3 X 10Phr 10%hr 3 < 10°br 10°hr 3 x 10%hr

800 64.5 64.5 64.5 84.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5
850 633 63.3 633 633 b33 63.3 63.3 63.3 60 56 52
900 62.2 2.2 62.2 62.2 621 62 58 54.1 48 a2 38
950 0 ) 60 60 56 516 46.5 426 37.5 324 283
1000 58.5 585 55 51.7 47 421 37.5 336 28.8 24.6 21
1050 56 52.9 475 43.4 38.2 34.4 30.2 26.4 22.3 12.8 16
1100 535 45.1 40 36.4 32.2 28.1 242 20.8 17.3 14.3 1.7
1150 46.5 38.4 34 30.5 26.6 23.0 19.5 16.4 13.4 10.9 8.8
1200 40 327 29 25.6 22 18.8 156 129 10.3 8.3 6.7
1250 35 27.8 24.3 214 18.1 15.4 12.7 10.2 81 &3 4.9
1300 30 237 208 18.0 15 12.5 10.0 8.0 62 4.8 3.7
1350 26 20.0 17.5 15.0 12.7 10.4 8.2 6.4 49 36 27
1460 22.5 17.1 14.8 124 10.2 8.4 6.6 5.0 38 2.8 2.1
1450 19.5 14.6 12,6 10.5 8.6 6.8 5.2 39 2.9 21 1.5
1500 17 12.5 10.6 8.8 7.2 56 a2 31 2.3 1.6 1.2
c
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: TABLE I-14.7
MODULUS OF ELASTICITY V5. TEMPERATURE

(Static} Modulus of Elasticity, psi x 10°*

Ni-Fe-Cr Ni-Cr-Fe-Mo-Ch
Yemp., *F 304 SS and 316 55 Alloy B0OOH 2% Ce-1Ma Altoy 718
70 28.3 28.5 30.6 29.0
100 219 28.4 30.4 28.9
200 27.7 27.8 29.8 28.3
300 271 27.4 29.4 27.8
400 26.6 27.1 28.8 27.6
500 26,1 26.6 28.3 27.1
600 254 26.4 27.7 26.8
700 248 25.9 271 26.4
750 243 25.7 26.6 26.1
800 24.1 25.4 26.3 25.8
850 238 25.1 259 25.5
900 235 24.8 25.6 25.2
950 . 232 24.5 25.1 249
1000 228 . 24.2 24.6 24.7
1050 225 241 242 24.5
1100 22.1 228 237
1150 21.6 23.5 231
1200 21.2 23.2 25
1250 20.8 22.9
1300 20.2 22.7
1350 © 198 22.2
1400 19.2 219
1450 18.7 21.7
1500 18.1 212
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TABLE I-14.8
INSTANTANEQUS COEFFICIENT OF THERMAL EXPANSION VS TEMPERATURE

Instantaneous Coefficient of Thermal Expansion,

in.fin, — °F x 10*
Ni-Fe-Cr Ni-Cr-Fe-Mo-Cb
Temp., *F 304 55 316 8§ Alloy BOOH 2% Cr-1 Mo Alloy 718
70 B.46 8.42 7.75 6.45 7.05
100 8.63 8.59 B.05 6,60 7.12
200 9.08 9.09 8.53 6.90 7.39
300 9.46 9.56 8.80 7.35 Te2
400 9.80 9.95 8.98 7.65 7.84
500 10.10 10.25 9.12 7.90 8.04
600 10.38 10.51 9.20 8.10 8.20
700 10.60 10.76 9.32 8.25 8.38
750 10.70 10.87 9.42 B8.32 8.46
800 10.79 10.98 952 B.40 8.55
850 10.87 11.09 9.65 B8.45 B.68
900 10.97 11.20 9.80 8.50 8.82
950 11.06 11.31 9.97 8.55 B.95
1000 11.14 11.40 10.16 8.60 %11
1050 11.23 11.49 10.37 8.63 330
1100 11.31 11.58 10.60 8.65 9.49
1150 11.38 11.65 10.80 8.68
1200 11.47 11.72 1100 8.70
1250 11.55 11.78 11.20
1300 11.63 11.82 11.37
1350 11.71 11.86 11.54
1400 11.78 11.90 11.68
1450 11.86 11.94 11.80
1500 11.94 1197 11.92
1550 12.00 12.00
1600 12.03 12.10
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APPENDIX T

RULES FOR STRAIN, DEFORMATION, AND FATIGUE LIMITS AT ELEVATED TEMPERATURES

T-1100 INTRODUCTION
T-1110 Objective

The objective of this Appendix is to provide rules
which may be used by Owners and N Certificate Hold-
ers with respect to evaluation by analysis of strain,
deformation, and fatigue limits for components whose
load-controlled stresses are evaluated by the rules of
this Case.

T-1120 General Requirements

T-1121 Type of Analysis, Where creep effects are
presumed significant, inelastic analysis is generally re-
quired to provide a quantitative assessment of defor-
mations and strains. However, elastic and simplified
inelastic methods of analysis may sometimes be jus-
tified and used to establish conservative bounds for
deformations, strains, strain ranges, and maximum
stress in order to reduce the number of locations in a
structure requiring detailed inetastic analysis.

T-1122  Analysis Required. The rules for design
against gross distortion and fatigue are illustrated in
Fig. 3220-1. The Design Loadings and Level D Service
Loadings are exempted from strain and deformation
limits as summatized below.

Loadings Reguirement

Dresign ~— No deformation analysis required.

Service Apply the strain and deformation hirmits of Appendix

Leveis T. Regions not expecting any service time under

A, B.and C  elevated temperatures may use the secondary stress
and fatigue fimns of NB-3222.2 and NB-3222.4 in
place of the rules in T-1300, T-1400 and T-1700.

Service — Strain and deformarion limits not applicable except

Level D as necessary to satisfy Level D Service Loadings
functional requirements.

Test — Consider as additional Level B Service Loadings.

T-1200 DEFORMATION LIMITS FOR

FUNCTIONAL REQUIREMENTS

T-1210 Statement in Design Specification

Deformation limits to ensure proper component
functioning shall be specified in the Desipn Specifica-
tion (NCA-3250) for the component or shall be estab-
lished by the N Certificate Holder for the proper per-
formance of the component. Any such jimits may
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restrict the design more severely than those specified
for load-controlled stresses in -3220,

T-1220 Elastic Analysis Method

The limitations on loads from the rules and the other
limits contained in -3200 are intended to restrict the
accumulated inelastic strain {averaged across a wall
thickness) to 1% or less. However, when elastic anai-
ysis is used, the occurrence of inelastic strains of this
magnitude may not be apparent. If functional defor-
mation requirements are specified, the designer shall
ensure that they are not violated by assuming that
strains of 19 occur within the structure in that dis-
tribution which leads to the worst possible deformation
state consistent with the directions of lpading. If this
deformation state does not lead to deformations greates
than the specified limits, then all functional require-
ments shall be considered as demonstrated for the de-
sign.

T-1230 Use of Inelastic Analysis

Inelastic analysis of deformations shall be used to
demonstrate that deformations do not exceed specified
limits, unless the elastic method of T-1220 has dem-
onstrated compliance.

T-1300 DEFORMATION AND STRAIN
LIMITS FOR STRUCTURAL
INTEGRITY

T-1310 Limits for Inelastic Strains

In regions expecting elevated temperatures the max-
imum accumulated inelastic strain shall not exceed the
following values.

{a} Strains averaged through the thickness, 1%.

(b) Strains at the surface, due to an equivalent linear
distribution of strain through the thickness, 2%.

{c) Local strains at any point, 5%.

The above limits apply to computed strains accu-
mulated over the expected operating lifetime of the
element under consideration, and computed for some
steady-state period at the end of this time during which
significant transients are not occurring. These limits
apply to the maximum positive value of the three prin-
cipal strains. A positive strain is defined as one for
which the length of the element in the direction of the
strain is increased. The principal strains are computed

SUPP.3 — NC
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for the strain components (e, €,, €, €., €., £,)}. When
the strain is computed at several locations through
the thickness, the strains are first averaged and li-
nearized on a component level and then combined
to determine the principal strains for comparison to
the limits on average and surface strains defined
above. The limits for local strains are based on the
computed strains at the point of interest.

T-1320 Satisfaction of Strain Limits Using Elastic
Analysis

T-1321 General Requirements, The strain limits of
T-1310 are considered to have been satisfied if the
limits of any one of T-1322, T-1323, or T-1324 are
satisfied. The guidelines of (a) through (d) below
should be used in establishing the appropriate cycle
to be evaluated in T-1322 and T-1323.

{a} An individual cycle, as defined in the Design
Specification cannot be split into subcycles to satisfy
these requirements.

(b) At least one cycle must be defined that in-
cludes the maximum secondary stress intensity range,
Qr, and the maximum value of (P, + Py /K}) which
occur during aif Level A, B, and C Service Loadings.
The value of K, may be determined using Eq. (6) of
-3223,

(c) Any number of cycles can be grouped together
and evaluated according to the conditions of T-1322
or T-1323, whichever is applicable.

(d) The following deﬁnmons apply to T- 1322 and

T-1323:
P,
X= (P,_+—~')m + 5,

where S, is the average of the §, values at the max-
imum and minimum wall-averaged temperatures
during the cycle being evaluated and (P, + Py/K )
is the maximum value of the primary stress intensity,
adjusted for bending via K, dunng the cycle being
evaluated.

v o @

¥

where (@) 18 the maximum range of the secondary
stress intensity during the cycle being considered and
S, is the average of the S, values at the maximum
and minimum wall-averaged temperatures during the
cycle.

SUPP. 3 - NC
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TABLE T-1323
TEMPERATURES AT WHICH 5., = 5,10°

Material Temperature, °F
Type 304 55 948
Type 316 S5 1011
Alloy 800H 1064
2'.Cr-1Mo 801

T-1322 Test No. A-1. For Test Number A-1,

X +Y<SJS, (1)
where §, is the [esser of:
{a) 1.25 S, using the highest wall-averaged temper-
ature during the cycle and a time value of 10* hr; and
(b) The average of the two S, values associated
with the maximum and minimum wall-averaged tem-
peratures during the cycle.

T.1323 Test No. A-2. For Test Number A-2,

X+rst (2)
for those cycles during which the average wall tem-
perature at on¢ of the stress extremes defining the
maximum secondary stress range {&r)m. is below the
applicable temperature of Table T-1323.

T-1324 Test No. A-3. For Test Number A-3, the °
limits of NB-3222.2, NB-3222.3, and NB-3222.5 shall
be met and, in addition, the requirements of (a)
through (e) below shall be satisfied.

(a) ZT:'<

where -
t,= total duration of time during the service
lifetime that the metal is at temperature, T, Note
that the service lifetime shall never be greater than
the sum of all .

t,= maximum allowable time as determined by
entering Fig. I-14.6 at temperature T, and a stress
vaiue of 1.5 times the S, associated with T}, denoted
as 1.5 S,J,- If 1.5 5, is abovc the stress values pro-
vided in Fig. I-14.6, this test cannot be satisfied.
When 1.5 S\, is below the lowest stress value pro-
vided in Fig. I-14.6, the constant temperature line
may be extrapolated to larger ¢,, values using the stee-
pest slope on Fig. I-14.6 for that material.

(b) e < 02%
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where ¢ is the creep strain that wouid be expected
from a stress level of 1.25 S, applied for the total
duration of time during the service lifetime that the
metal is at 7,, When the design lifetime is separated
into several time periods, then the service lifetime
shall not be greater than the sum of all the time
periods. That is:

2 AT, = service lifetime

(c) For the 35,, limit in NB-3222.2 and NB-3222.3,
use the lesser of 3§, and 33, where

35, = (L5 S, + S,,) when oniy one extreme of
the stress difference {that produces the maximum
range of the primary plus — secondary stress inten-
sity, P + (J] occurs at a temperature above those
covered by Subsection NB rules; |

35, = (S, + S,.) when both extremes of the
stress differences (that define the maximum range of
P + ) occur at temperatures above those covered
by Subsection NB rules;

S, S, = relaxation strengths associated with the
temperatures at the hof and cold extremes of the
stress cycle. The kot temperature condition is defined
as the maximum operating temperature of the stress
cycle. The hor time is equal to the portion of service
life when wall-averaged temperatures exceed 800°F
{700°F for 2V,Cr-1Mo). The cold temperature is de-
fined as the colder of the two temperatures corre-
sponding to the two stress extremes in the stress
cycle. The cold time is again equal to the portion of
service life when wall-averaged temperatures exceed
800°F (700°F for 2V,Cr-1Mo).

In this criterion, total service life may nor be fur-
ther subdivided into temperature-time blocks. The
two relaxation strengths, 8, and 5., may be deter-
mined by performing a pure uniaxial relaxation anal-
ysis starting with an initial stress of 1.5 §,, and hold-
ing the initial strain throughout the time interval
equal to the time of service above 800°F (700°F for
2%,Cr-1Mo).

{d) The reference 1o the endurance limit NB-
3222.5(b) is not applicable to the materials in this
Case.

{e) The material is one of the following alloys:
30488; 31688; Ni-Fe-Cr, Alloy 800H.

T-1325 Special Requirements for Piping Compo-
nents

fa) Piping evaluations using the provisions of
-3651(b) to satisfy the limits of T-1322, T-1323, or T-
1330 shall include the stress term

E x LAT,¢
2(1 = ¥)
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when computing the secondary stress intensity range,
Qr. The definitions of E, =, AT, and v are as given
in NB-3650.

(b} For purposes of applying the limits of T-1324
to piping components, satisfaction of the NB-3650
requirements may be used in lieu of meeting NB-
3222.2, NB-3222.3, and NB-3222.5, provided that §,,
is replaced by 5, and the ratchet check of NB-3653.7
is satisfied whenever

= E = { AT,

2Bt Say

S, E, =, AT, and v are defined in NB-3650, and 5,
is the lesser of S, o1 (35,,) + 3, with 3§, as defined
in T-1324(c).

T-1330 Satisfaction of Strain Limits Using Simpli-
fied Inelastic Analysis

T-1331 General Reguirements. The strain limits of
T-1310 are considered to have been satisfied if the
limits of T-1332 are satisfied in addition to (a)
through (g) below,

fa) T-1332 contains two tests, B-1 and B-2, Test
B-1 can be used only for

(1) axisymmetric structutes subjected to axisym-
metric loadings and away from local structural dis-
continuities, or

(2) general structures in which the peak
through-the-wall thermal stress is negligible (i.e., the
thermal stress distribution is linear through the wall).

Test B-2, which is more conservative, is applicable
to any structure and loading,

(b) The individual cycle as defined in the design
specification cannot be split into subcycles. Unless
otherwise specified (see -3114) earthquakes and oth-
er transient conditions should be uniformly distrib-
uted over the lifetime of the plant for this strain eval-
uation.

(¢} As an alternate to the use of T-1332, the ine-
lastic strains due to any number of selected opera-
tional cycles may be evaluated separately by T-1333
or using detailed inclastic analysis. The resulting sum
of the inelastic strains must satisfy the limits of T-
1310. T-1333 is applicable oniy to axisymrnetric struc-
tures subjected to axisymmetric loadings and away
from local structural discontinuities.

{d) Secondary stresses with elastic followup (i.e.,
pressure-induced membrane and bending stresses
and thermal-induced membrane stresses) are classi-
fied as primary stresses for purposes of this evalua-
tion. Alternatively, the strains due to such stresses
may be calculated separately and added to the strains
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the increase of g, stress for cycles evaluated
using T-1333 and detailed inelastic analyses,
Zn=the plastic ratchet strain increments for
cycles in R, and R, regimes. obtained as ex-
plained in T-1333(b)
25=the enhanced creep strain increments due to
relaxation of the [o.] stresses, obtained as
explained in T-1333(c).
(b) Plastic ratcheting occurs in cycles when [ov]
2 §,4 The increment of plastic ratchet strain within
this cycle is bounded by:

Ty = E-l: [([o'd.] - S_.-H')_ +([ow] - Syr.)] 6

forZ, £ 10,01

Ty = Ei (o] - S, + ;;; (ol = Sy ()

forZ, > 1.0.[o,]) and [o,,] are the effective stresses
for the cold and hot extremes of the cycles as given
by [o.] = Z,S,, and [0.4] = Z,S,, respectively.

The effective creep stress parameter Z is obtained
from Eq. (3) for regimes S, P, and R,. Equation (4)
is for regimes S, and R,. Curves resulting from Eqgs.
(3) and (4) are shown in Fig. T-1330-1. Note that
braces indicate {g,] stress calculated for T-1333 eval-
uations. E, and E,, are the elastic moduli at the cold
and hot ends of the cycle.

Note that all values in Egs. (6) ard (7} are related
to the load cycle (n).

fc) For cycles where [o,] = S, the enhanced
creep strain increment due to stress relaxation is giv-
en by:

s - 1Sk_a
y =
E, a.

(8)

For cycles where [, ] < S,,, the enhanced creep
Strain increment due to [o,, ] stress relaxation is given
by:

(9

o, Is the effective creep stress from T-1332 for the
next cycle when sequence of loading is specified.
Otherwise the lowest o, stress used in the T-1332
evaluation should be used in Egs. (8) and (9).

Note that all values in Egs. (8) and (9) are related
to the load cycle (n). Only positive 5 ,, increments
should be considered.
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T-140¢ CREEP-FATIGUE EVALUATION
T-1410 General Requirements

T-1411 Damage Equation. The combijnation of
Leveis A, B, and C Service Loadings shall be
evaluated for accumulated creep and fatigue
damage, including hold time and strain rate effects.
For a design to be acceptable, the creep and fatigue
damage shall satisfy the following relation:

(10)

where
D = total creep-fatigue damage
P=number of different cycle types required
to define the cyclic strain history for the
specified service life. Each cycle type is
uniquely defined by its strain range (e)
and the maximum metal temperature oc-
curring during the cycle.
(n);=number of applied repetitions of cycle
type, j
(N,),=number of design allowable cycles for
cycle type, j, determined from one of
design fatigue curves (Figs. T-1420
corresponding to the maximum metal
temperature occurring during the cycle.
The design fatigue curves were deter-
mined from completely reversed loading
conditions at strain rates greater than, or
equal to, those noted on the curves.
g=number of time intervals (each with a
unique stress-temperature combination)
needed to represent the specified elevat-
ed temperature service life at the point
of interest for the creep damage calcula-
tion
(T,), = allowable time duration determined from
Fig. I-14.6 (stress-to-rupture cyurves) for a
given stress and the maximum tempera-
ture at the point of interest and occurring
during the time interval, k. For elastic
analysis the appropriate stress measure is
defined in T-1433. For inelastic analysis,
the following equivalent stress quantity
should be used:

SUPP. 3 — .o
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where
Jy=a + o + o
S =g} + o} + o)
1
Cen = \_/.—E[(al - oy + (o - 03)1' + (Cr:l - 01)’]‘”

and ¢, are the principal stresses. The constant C is
equal to 0.24 for types 304 and 316 stainless steels;
for Alloy 800H and 2-1/4 Cr-1 Mo steel, the value is
0.0. For both types of analysis, the allowable time
duration is determined by entering Fig. [-14.6 at that
stress value determined by dividing the maximum
stress (at the point of interest during the time inter-
val, k) by the factor, k' (Table T-1411-1).
(Af), = duration of the time interval, k.

Note that the sum of the *g” time intervals must
equal or exceed the total specified elevated temper-
ature service life.

T-1412 Exemption from Fatigue Analysis. The
rules in NB-3222.4(d) which permit exemption from
fatigue analysis do not apply to temperatures above
the limits of Subsection NB except where the service
loadings have been qualified as not introducing sig-
nificant time-dependent effects under the procedure
of -3211{(c).

T-1413 Equivalent Strain Range. An equivalent
strain range is used to evaluate the fatigue damage
sum for both elastic and inelastic analysis. When the
Design Specification contains a histogram delineat-
ing a specific loading sequence, the strain range shall
te caiculated for the cycles described by the histo-
gram. If the sequence of loading is not defined by
the Design Specification, then the method of com-
bining cycles described in NB-3222.4(e)(5) shall be
applied. The equivalent strain range is computed as
follows.

Step 1. Calculate ali strain components for each
point, i, in time (&, & € Yo Yy Yoa) fOT
the complete cycle. When conducting ine-
lastic analysis, the stress and strain con-
centration effects of local geometric dis-
continuities are included in this step.
When conducting elastic analysis, peak
strains arising from geometric discontinu-
ities are not inciuded, since these effects
are added in the procedures of T-1432.

Step 2. Select a point when conditions are at an

extreme for the cycle, either maximum or

SUPP. 3 — NC

88

TABLE T-1411-1

Material K
Austenitic Stainless Steel 0.67
Ni-Fe-Cr {Alloy BOOH) 0.67
23/,Cr-1Mo 0.67

minimum. Refer to this time point by a
subscript o.
Step 3. Calculate the history of the change in
strain components by subtracting the vaj-
ues at the time, o, from the corresponding
components at each point in time, i, during
the cycle.

Ae, = €, — ¢,
be, = € ~ &,
etc,

Step 4. Calculate the equivalent strain range for
each point in time as:

A V2 Ae, — A€
Cequiva 2(1 + V') ( €, €

+ (Mg, — Be,) + (Ag, ~- B6,) (11)

N m}]m

where

¥ = 0.5 when using the rules of T-1420,
v = (.3 when using the rules of T-1430,

Step 5. Define Ae,,, 35 the maximum value of the
above calculated equivalent strain ranges,
Aeequiv.r'

The above five step procedure may be used re-
gardless of whether principal strains change direc-
tions or not. When principal strains do not rotate, an
alternative to the above sequence is given in T-1414.

T-1414 Alternative Calculation Method — Equiva-
fent Strain Range. An alternative calculational
method for equivalent strain range determination —
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1ot
, N
\ | 31655 METAL TEMPERATURES
NOT EXCEEDING
2 \Q ——100 °F
ra @
\\ 800 °F
- —900°F
g 072 \\\\ // 1000-1200 °F
P 1300°F
: SIS Wi
g e
=
§ 2 o --'"-4.__ —
=073 e
7S
-]
CYCLIC STRAIN RATE 1.0 X 107® IN/IN/SEC
2
1o~ ' 2 3 Z
10 10 z S 103 F4 1 104 2 3 105 2 3 105
NUMBER OF ALLOWABLE CYCLES,N,
N,
Number €, Strain Range {in_/in.) at Temperature
of
Cycles® 100 F 800 F 900 F 1000-1200 F 1300 F
10* 0507 .0438 0378 .0318 .0214
2 x 10! 0357 0318 0251 .0208 0149
4 x 10 .026 .0233 0181 0148 .0105
10 o177 0159 0123 00974 00711
2 x 10° .0139 0125 00961 00744 .00551
4 x 10° 0110 .00956 00761 .00574 .00431
10° .00818 00714 00571 .00424 00328
2 % 10° .00643 .00581 .D0466 .00339 .002¢68
4 x 10* .00518 .00476 .00381 .00279 00226
10* .00403 00376 .00301 .00221 .00186
2 x 10* .00343 00316 00256 .00186 00162
3 x 10 00293 00272 00221 00161 60144
10° .00245 00226 00182 .00136 00121
2 x 10° .00213 00196 00159 .00121 .00108
4 % 10° .n0188 00173 00139 .00109 000954
10* .00163 00151 ~ .o0118 .000963 .000834

*Cyclic strain rate: 1 %X 10— *in./in./sec.

FIG. T-1420-1B DESIGN FATIGUE STRAIN RANGE, ¢, FOR 316 §S
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applicable only when principal strains do not rotate
— is as follows:

Step 1. No change from Step 1 of T-1413.

Step 2. Determine the principal strains versus
time for the cycle,

Step 3. At each time interval of Step 2, determine
the strain differences ¢, ~ ¢, €, — €,
& - €

Step 4. Select a point when conditions are at an
extreme for the cycle, either maximum or
minimum. Refer to this time point by a
subscript o.

Step 3. Determine the history of the change in
strain differences by subtracting the values
at the time, @, from the corresponding val-
ues at each point in time, {, during the

cycle. Designate these strain difference’

changes as

Ale ~ &) = (g — &), - (e, — &),
Ale, ~ &), = (g, — &), - {e2 — &),
Alg, — &) = (g ~ €), ~ (& — €),

Step 6. For each time point, i, calculate the equiv-
alent strain range as

St = 2. :
€equvs = é(—i—-f-_:‘-) {A (El - €'-‘)f} + [A (EZ

172
- 53).']2 + [A (g ~ 5:).]2]
where v is defined as in T-1413.

Step 7. Define Ae,,, as the maximum vaiue of the
above calculated equivalent strain ranges,
Ae

equiv.i*

T-1420 Limits Using Inelastic Analysis

When inelastic analysis is used to satisfy the re-
quirements of T-1411, the rules of (a), (b) and (c)
below apply.

(a) The creep damage term of Eq. (10) may also
be calculated by using the integral form

L%
o T,
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TABLE T7-1420-1D
DESIGN FATIGUE STRAIN RANGE
FOR 2!.Cr-1Mo STEEL

¢, Strain Range (in.fin.) at Temperature

N,, Number of

Cycles [Note (1)] BOC°F 900-1100'F
10 0.056 0.040
4 x 10° 0.023 0.0163
¢ 0.013 0.0097
2 x 107 0.0094 0.0070
4 % 10¢ 0.0070 0.0056,
10’ 0.0052 0.0042
2 x 10 0.004a4 0.0039
4 x 100 0.0040 ¢.0035
10° 0.0032 0.00265
2 < 10° 0.0026 0.00215
4 A 150 0.0023 ¢.00182
10° 0.00195 0.00158
2 x 10° 0.00173 0.00142
4 x 10° 200155 0.00130
10° 0.00137 0.00118
NOTE: ]
(1} Cycle strain rate: 8 « 10— in./in./sec.

(b) The fatigue damage term of Eq. (10) is evalu-
ated by entering a design fatigue curve at the strain
range ¢. The strain range ¢ is defined as ¢, = Ag;
where Ae,,, is the value calcuiated in either T-1413
or T-1414. The appropriate design fatigue curve is
selected from Figs. T-1420-1 and corresponds to the
maximum metal temperature experienced during the
cycle.

{c) The total damage, D, shall not exceed the
creep-fatigue damage envelope of Fig. T-1420-2.

T-1430 Limits Using Elastic Analysis
T-1431 General Requirements

{a) The ¢lastic analysis rules in this paragraph may
be used only when

{1) the elastic ratchetting rules of T-1320 or T-
1330 with Z less than, or equal to, 1.0 have been
satisfied;

{2) the 3§, limit in NB-3222.2 is met using for
3S,, the lesser of 35, and 35, as defined in T-1324;
and

(3) pressure-induced membrane and bending
stresses and thermal-induced membrane stresses are
classified as primary (load-controlled) stresses.

SUPP.3 — NC
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08

06

04 |-

02 -

304 and 316 Stainless Steels

2-1/4 Cr-1 Mo and Ni-Fe-Cr Alloy 800H

L —

o

08

FIG. T-1420-2 CREEP-FATIGUE DAMAGE ENVELOPE

The secondary stress range due to radial thermal
gradients may be excluded from (Qr) .. in either T-
1322 or T-1323 in determining the applicability of
elastic creep-fatigue rules.

(b) Linearly elastic analysis methods may signifi-
cantly underestimate the actual strain range incurred
during plastic or creep deformation. The method of
T-1432 may be used to account for these increased
strain ranges due to inelastic behavior in the region
under consideration. The resulting strain range, ¢, is
used to enter a design fatigue curve to evaluate the
fatigue damage term of Eq. (10). The appropriate
design fatigue curve is selected from Fig. T-1420-1
and corresponds to the maximum metal temperature
occuring during the cycle.

(c) The creep damage term of Eq. (10) is evalu-
ated using the procedure of T-1433. ‘

(d) The total damage, D, shall not exceed the
creep-fatigue damage enveiope of Fig. T-1420-2.

T-1432 Strain Range Determination

{a) Calculate Ae,,, using T-1413 or T-1414, The
strain components {o be used in T-1413 or T-1414
are ¢lastically calculated and do not include local
geometric stress concentration effects. Alternatively,
calculate Ae,,, using the stress difference procedure

SUPP. 3 —~ NC
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described in NB-3216. However, for the purpose of
calculating Ae,,, the effects of local geometric stress
concentrations are omitted. The strain range Ae,,, is
defined as equal to 25,,/E, where £ equals the mod-
ulus of elasticity at the maximum metaf temperature
experienced during the cycle.

(b) Calculate the modified maximum equivalent
strain range, A€o, Using the procedure specified in
any one of (c), (d), or ().

(c) The modified maximum equivalent strain
range, Ae,.q, may be calculated as

Abpog = (i) K Aey,,

= (12)

where (see Fig. T-1430-1)

Ae,.,=the modified maximum equivalent strain
range that accounts for the effects of local
plasticity and creep

Ae,,, = the maximum equivalent strain range as de-
termined above in (a)

K=either the equivalent stress concentration
factor, as determined by test or analysis, or,
the maximum value of the theoretical elastic
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stress concentration factor in any direction
for the local area under consideration. The
equivalent stress concentration factor is de-
fined as the effective (von Mises) primary
plus secondary plus peak stress divided by
the effective primary plus secondary stress.
Mote that fatigue strength reduction factors
developed from low temperature continuous
cycling fatigue tests may not be acceptable
for defining K when creep effects are not
negligible.

5" = the stress indicator determined by entering
the stress-strain curve of Fig. T-1430-1 at a
strain range of Ae_

5= the stress indicator determined by enteting
the stress-strain curve of Fig. T-1430-1 at a

strain range of KAe,,,
The composite stress-strain curve used for this anal-
ysis is shown in Fig. T-1430.1, and it is constructed
by adding the elastic stress-strain curve for the stress
range, S, to the appropriate time-independent iso-
chronous stress-strain curve (o, ') from Fig. T-1800.
The appropriate curve of Fig. T-1800 corresponds to

the maximum metal temperature occurting during
the cycle.

o'= siress ordinate of the time-independent is-
ochronous stress-strzin curve of Fig. T-1800
€’= strain abscigsa of the time-independent iso-
chronous stress-strain curve of Fig. T-1800
Q’= origin of the time-independent isochronous
stress-strain curve of Fig. T-1800
0= origin of the composite isochronous stress-
strain curve (Fig. T-1430-1) used in this
analysis
S,#= a relaxation strength defined in T-1324
(d) Equation {12) results in a conservative deter-
mination of the modified maximum equivalent strain
range, Ae,., telative to the maximum equivalent
strain range, Ae,,. A more accurate and less con-
servative determination of the modified maximhum
equivalent strain range, A€, may then be obtained

95

by use of Eq. (13).

K S Ae

(13)

where (see Fig. T-1430-1) Adpou, A X, and S are
as defined in (¢) abave, and Ac,, = the range of
effective stress that corresponds to the strain range,
Ag,.q in the composite stress-strain curve of Fig. T-
1430-1. The unknowns of Eq. (13} (ie., Ao, , and
Ae,.,) can be solved graphically, or analytically, by
curve fitting the appropriate composite stress-strain
curve. Note that the appropriateé composite stress-
strain curve is constructed as described abave in (c).

{2} The most conservative estimate of the modified
maxirnum equivalent strain range, de,, may be ab-
tained as '

Bty = K KBt (14)

where Ae,.q, X, and Ae,., are defined in (¢) above,
and

K,=1if KAe,, s 35/E

K,=KAe , E3T,, for KAe. > 35,/E

{f) Determine the multiaxial plasticity and Poisson
ratio adjustment factor, K,, defined in Eq. (15)

K. = 10 + f(X, - 10), but not less than 1.0 (15)

where
f=factor determined by entering Fig. T-1430-2
at the Triaxiality Factor, T.F., for the stress
state at each of the two extremes of the
stress cycle. The larger magnitude of f shall
be used in Eq. (15).

K, = plastic Poisson ratic adjustment factor de-
termined by entering Fig. T-1430-3 at the
ratio of K, KA e, .E/35, with the terms as de-
fined in Eq. (14).

SUPP.3 ~ NC
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fgj Determine the creep strain increment Ae, for
the stress cycle due to load-controlled stresses by us-
ing a stress intensity equal to 1.25 times the effective
creep stress o, = Z + §, as defined in T-1332. The
rules of T-1321, T-1331, and T-1332 apply to deter-
mining Ae, except that the stress cycle time, including
hold time between transients, shall be used instead
of the entire service life. The resriction on Q4 in T-
1323 relative to Table T-1323 does not apply to de-
termining Ae,. Enter the isochronous stress-strain
curve (Fig, T-1800) for the maximum metal temper-
ature during the stress cycle time-temperature block
with the 1.25 o stress held constant throughout each
temperature-time block of the stress cycle. The Ae,
equals the sum of the creep strain increment accu-
mulated in one stress cycle time. Alternatively, the
creep strain accumulated during the entire service
life divided by the number of stress cycles during the
entire service life may be used for the creep strain
increment Ae. Based on satisfaction of T-1320 and
the T-1431(a} rules, the Ae, value used need not ex-
ceed 1% divided by the total number of stress cycles
(n x P).
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Sm — ALLOWABLE STRESS INTENSITY VALUES, 1000 PSI TYPE 316 SS - 30-YS, 75-UTS (30-YS, 70-UTS)

TABLE 1-143B (1)

Tep.'F 1hr 10 hr 30 hr 10* hr 3 X 10°hr 10*hr 3 X 10°hr 10*hr 3 X 10*hr 10°hr 3 x 10°hr
800 159 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9 159
850 157 15.7 15.7 15.7 15.7 15.7 15.7 15.7 157 15.7 15.7
900 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6
950 153 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5 155

1000 154 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.0
1050 15.1 15.1 15.1 15.1 15.1 15.1 15,1 15.1 14.9 125 10.7
1100 148 148 14.8 14.8 14.8 14.8 14.8 139 11.5 9.5 7.8
1150 14.7 [{14.61] 14.7 [(14.6)] 14.7 [(14.61] 14.7 [(14.6)1 147 f(14.6)] 14.2 13.0 109 8.9 7.2 5.9
1200 [13.6] 14.6 [(12.7] [13.61 14.6 [{12.7)] [13.6214.6 [(12.7)1 ([13.6] 14.2 [(12.7)] 12.4 10.6 9.9 8.3 6.9 5.5 4.5
+ 1250 [12.2] 14.2 [11.703 12.2 14.2 K11.7)3 [12.2114.2 [(11.7)] 115 9.8 8.3 7.3 6.3 5.4 4.2 3.3
1300 ([11.4113.8 (13.4) [(10.7)] [11.4] 12.8 {(10.7)] 10.9 [{10.7)] 9.1 7.5 6.4 5.6 4.7 39 31 2.5
1350 [10.1112.8(11.9){(9.5)1 [10.1110.3 ({(9.5)] 8.6 7.0 5.9 5.0 4.2 3.4 2.8 2.1 1.8
1400 [9.07 11.3 {10.5) [(8.4)1 8.2 6.7 54 4.5 3.8 31 2.5 2.0 1.5 1.2
1450 [7.8] 9.7 (9.0} [(7.3)] 6.4 5.1 4.1 3.4 29 2.2 1.7 1.4 1.0 0.9
1500 [6.2]1 7.8 (7.7) [(5.61] 4.9 a9 3.2 2.6 2.1 1.6 1.2 0.9 0.65 0.5
NOTE:
(1) Values In square parentheses [ J reflect the effects of service at the indicated temperature for 300,000 hr.
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