NOTES L.8

SUBSECTION A -

Reguirements for Cla's"s‘ A Vessels

ARTICLE 2

Introduction

N-210 SCOPE

Subsection A contains rules for the materials,
design, fabrication, inspection and testing, and
certification of Class A vessels.

N-220 TEMPERATURE LIMITS

The rules of this Subsection are not intended
to be used:

(a) For vessels that arc to operate at tempera-
tures above those for which design stress values
are given in Tables N-421, N-122, and N-423, at

which temperatures creep and stress-rupture are
significant factors.

Fatigue design curves and specified methods
for fatigue analysis are not applicable above
700 F for materials covered by Fig. N-415/a) and
above 800 F for materials covered by Fig.
N-415(b).

() For vessels that ‘are to operate at tempera-
turcs below the nil-ductility-transition (NDT)
temperatuce + 60 I of the material, at which tem-
peratures brittle fracture may occur (see N-330).
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Jictional limit shall be considered in the stress

aaalvsis of the attachmicat.

N-160 NOMENCLATURE
The symbels used in this Section of the Code
bave the following meznings:
A = total required cross-sectional area of
compensation, sq in.
D = inside diameter of shell or head, in.
D, = outside diameter of shell or head, in.
d = inside diamet=r of nozzle, in.
d, = outside diamster of nozzle, in.
E = medulus of elasticity, (Young's modu-
lus), psi '
k = minor semidiameter of ellipsoidal head,
in.
K = stress concentration factor
F = calculated local or concentrated stress
component', psi
m = gasket factor
N = allowable number of stress cycles at
a given level
n = expected repetitions of a type of
stress cycle
Pp = calculated primary bending stress com-
ponent,' psi
Py = calculated local primary membrane
stress component,' psi
Ppn = calculated general primary membrane
stress component,’ psi '

p = internal pressure, psi

@ = calculated . secondary stress compo-
n;nl:,' psi .

R = inside radius of shell or head, in.

R, = outside radius of shell or head, in.

r = intermediate radius of an internal point

in the shell wall under consideration,
in.,
S = stress intensity (largest absolute value
of $y2, S235,2nd §3,) psi
"The symbols F, Pp. Pr, Pn. and Q do not represent single

quantizies, but sets of six gquantities representing the six
stress cowmponents ©, @7, Op, Tels Tipe a0d Tpp.

N-151 = N-160

Sc = allewablz amplitude of alternnting
stress inteasity, psi

Sate = calculated amplitudz of alternating
stress intensity, psi

5. = endurance limit (or endurance streagth

at 107 cycles), psi
S, = design stress intensity valve (see
: Tables N-421 and N-422), psi

S 'mean = basic value of the calculated mean

stress intensity, psi

Snean = adjusted value of the calculated mean

stress intensity, psi

S, = calculated range of alteraating stress
inteasity, psi

S, = ultimate tensile strength, psi

S, = yield strength, (0.2 per cent offset)
psi -

Sy2 = algebraic difference between o, and .
o, psi

S;3; = algebraic difference between o, and
a,, psi ' ’
S,y = algebraic difference between oy and
) Psi
Ts = thickness of shell at nozzle, in.
" t'= thickness of shell, in.
&, = throat dimemsion of fillet weld, in.
¢, = thickness of nozzle, in.
¢, = required thickness, in.
U = cumulative use factor
y = gasket uait seating load, psi
6 = angle of slope of nozzle (see Fig.
1-613)
O, = tangential(circumferential) stress com-
ponent, psi
o} = longitudinal (meridional) stress com-
ponent, psi '
o= radial stress component, psi
0y,0,,0, = principal stresses, psi
Tl = shear component in tl-plane, psi
Ti, = shear component in [r-plane, psi
T,: = shear component in rt-plans, psi
= = coefficient of thermal expansion
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The requiremeats for the acceptability of a
design are:

(e) The design shall be such that stresses will
not exceed the limits described in N-414, N-415,
N-416, and N-417 and tabulated in Tables N-421,
N-422, and N-423,

(b) The design details shall conform to the
rules given in N-440 to N-474.

(¢) For configurations’ where
stresses occur, in addition to the requirements
in (a) and (b) the critical buckling stress shall
be tuken into account. (For the special case of
external pressure see N-417.8).

compressive

N-411 Basis for Determining Stresses — The
equivalent stress at any point in a vessel is the
:alue of stress deduced from the stress condition
at the point by means of a t}leory' of failure for
comparison with the mechanical properties of the
material obtained in tests under uniaxial load.
The theory of failure used in the rules of this
Subsection' for combining stresses is the maxi-
mum shear stress théory. The maximum shear
stress at a point is equal to one-half the differ-

ence between the algebraically largest and the -

algebraically smallest of the three principal
stresses at the point.

N-412 Terms Relating to Stress Analysis —
Terms used in this Subsection relating to stress
analysis are defined as follows:

(a) Stress Intensity — The ‘‘equivalent inten-
sity of combined stress’”, or in short, the ‘‘stress
intensity’’, is defined as twice the maximum
shear stress. In other words, the stress intensity
is the difference between the algebraically largest
principal stress and the algebraically smallest
frincipal stress ata given point. Tension stresses

are considered positive and compression stresses .

are considered negative,

(b) Cross Structural Discontiruity — A source
stress or strain intensification which affects a
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relatively large portion of a structure and has a
significant effect on the overall stress or strain
pattern or on the structure as a whole.

Examples of gross structural discontinuities
are head-to-shell and flange-to-shell junctions,
nozzles .(except see N-451), and junctions
between shells of different diameters or thick-
nesses.

(c) Local Structural Discontinuity — A source
of stress or strain intensification which affects
a relatively small volume of material and does
not have a significant effect on the overall stress
or strain pattern or on the structure as a whole.

Examples are small fillet radii, small attach-
ments, and partial penetration welds.

(d) Normal Stress — The component of stress
normal to the plane of reference. (This is also re-
ferred 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 of the section under consideration,
and the other of which varies with the location
across the thickness, J .

(e) Shear Stress — The component of stress
tangent to the plane of reference.

(f) Membrane Stress —The component of normal
stress which is uniformly distributed and equal to
the average value of stress across the thickness
of the section under consideration.

(g) Bending Stress — The variable component
of the normal stress described in (d). The varia-,
tion may or may not be linear across the.
thickness.

(k) Primary Stress —A normal stress or a shear
stress developed by the imposed loading which is
necessary to satisfy the simple laws of equili-
brium of extemal and internal forces and moments.

The basic characteristic of a primary stress is
that it is not self-limiting. Primary stresses which
considerably exceed the yield strength will re-
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sult in failure, or_at least in gross distortion. A
thernal sivess is not classifisd 2s a primary
stress. Primars membrans stress is divided iato
“general” and “‘local”” catezories. A pgeneral
primary membrane stress is ore which is so
distributed in the structure that no redistcibution
of load occurs as a result of yielding.

Examples of primary stress are: * -

(1} -General membrane stress in a eircular
cylindrical or a spherical shell due to internal
pressure or to distributed live loads.

(2) Bending stcess in the central portion of
a flat head due to pressure.

(i) Secondary Stress—Anormal stress or ashear
stress developed by the coastraint of adjacent
parts or by self-constraint of a structure. The
basic characteristic of a secondary stress is that

it is self-limiting. Local yielding and minor dis- .

tortions can satisfy the conditions which cause

the stress to occur, and failure from one applica--

tion of the stress is not to be expected.
Examples of secondary stress are: .
(1) General thermal stress (see (m) (1)).
(2) Bending stress at a gross structural dis-
continuity, . s
(j). Primary Local iembrane Stress' — Cases
arise in which a membrane stress produced by
pressure or other mechanical loading and associ-
ated with a primary and/or a discontinuity effect
produces excessive distortion in the transfer of
load to other portions.of the structure. Conserva-
tism requires that such a stress be classified as
a primary local membrane stress even though it
has some characteristics of a secondary stress.
A stressed region may be considered local if the
distance over which the stress intensity exceeds
1.1 S,. does not extend in the meridional direction
more then 0.5y/R: and if it is not closer in the

meridional direction than 2.5 /Rt to another
region where the limits of general primary mem-
brane stress are exceeded, where R is the mean
radius of the vessel and ¢ is the wall thickness
at the location where the general primary mem-
brane stress limit is exceeded.

An example of a primary local membrane stress
is the membrane stress in a shell produced by ex-
ternal load and moment at a permaneat support or
at a nozzle conuection.

(k) Peak Stress — The increment of stress
which is additive to the primary plus secondary
stresses by reason of stress concentrations or
local themal stress (see (m) (2)) includiag the
effects (if aay) of stress concentrations.

The basic characteristic of 2 peak stress is
that it does not cause any noticcable distortion
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and is objecticnable only as a possiblz source of
a fatigue crack or a brittle fracture. A stress
which is aot highly localized falls into this cate-
gory if it-is of a type whick cannot cause
noticeable distortion, Examples of peak stress are:

(1) The thermal stress in ths austsnitic
steel cladding of a carbon steel vessel.

; (2) The therr‘.;ag stress in the wall of a ves-
sel or pipe caused by a rapid change in tempera-
ture of the contained flni?.p °

(3) The stress at a local structural dis-
continuity,

() Load Stress — The stress resulting from
the application of a load, such as internal pres-
sure or the effects of gravity, as distinguished
from thermal stress,

(m) Thermal Stress — A self-balancing stress
produced by a nonuniform distribution of tempera-
ture or by differing thermal coefficients of ex-
pansion. Thermal stress is developed in a solid
body whenever a volume of material is prevented
from assuming the size and shape that it
normally should under a change in temperature,

For the purpose of establishing allowable
stresses, two types of thermal stress ere recog-
nized, depending on the volume or area in which
distortion takes place, as follows:

(1) General thermal stress which is associ-
ated with distortion of the structure in which it
occurs. If a stress of this type, neglecting stress
concentrations, exceeds twice the yield strength.
of the material, the elastic analysis may be in-
valid -and successive thermal cycles may pro-
duce incremental distortion. Therefore this type
is classified es secondary stress in Table N-413
and Fig. N-414. i

Examples of general thermal stress are: ~

(a) Stress produced by an axial thermal
gradient in a cylindrical shell, '

(b) Stress produced by ‘the temperatmre
difference between a nozzle and the shell to
which it is attached.

(2) Loecal thermal stress which is associzted
with almost complete suppression of the differen-
tial expansion and thus produces no significaat
distortion. Such stresses shall be considered only
from the fatigue standpoint and are therefore clas-
sified as local stresses in Table N-413 and Fig,
N-414. In evaluating loczl thermal siresses the
procedures of N-417.5(b) shall be used.

- Exuamples of local thermal stress are:

(a) The stress in a small hot spot in a
vessel wall.

(b) Stress from a radial
gradient in a cylindrical shell.

temperatare
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(¢) The thermal stress in a cladding ma-

sl which has a coefficient of expansion dif-
vom that of the base metal.

—y

i) Operaiionel Cycle — An operutional cycle
i= defined as the initiation and establishment of
rw conditions followed by a return to the con-
ditions that prevailed at the beginning of the
cvele. Three types of operational cycles are
considered:

(1) Startup-shutdown cycle, defined as any
evcle which has atmospheric temperature and/or
pressurc as one of its extremes and normal op-
erating conditions as its other extreme,

(2) The initiation of and recovery from any
emergency or upset condition that must be con-
sidered in the design.

(3) Normal operating cycle, defined as any
* evcle between startup and shutdown which is re-
quired for the vessel to perform its intended purpose.

o) Stress Cycle — A stréss cycle is a condi-
tion in which the alternating stress difference
(see N-415.2(a)(2)) goes from an initial value
through en algebraic maximum value and an alge-
braic minimum value and then retums to the initial
value. A single operational cycle may result in
ene or more stress cycles.

(p) Fetigue Strength Reduction Factor — A

ess-intensification factor which accounts for

effect of a <local structural discontinuity
|sifess conceatration) on the fatigue strength.
Values for some specific cases, based on experi-
ment, are given elsewhere in this Subsection. In
the absence of experimental data, the theoretical
stress concentration factor may be used.

(q) Shakedown — The absence of a continuing.

cyele of plastic deformation. A structure shakes
down if after a few cycles of load application,
the deformation stabilizes and subsequent struc-
tural response is elastic, excluding creep effects.

(r) Limit Analysis-Collapse Load

The methods of limit analysis are used to com-
putc the maximum load a structure made of ideal-
lv plastic (non-strain hardening) material can
carry. The deformations of an ideally plastic
structure increase without bound. at this load,
which is termed the “‘collapse load.”” This con-
vept is useful since deformations of structures
made of real materials arc in general of an elas-
tic order of magnitude for any load below the
_t-l“'.‘lpse load.

*Sre Table: N-413 und Note 4 of Fig. N-114.

"lubdivicion of secorndary stresses into membrane and bend-
components is not required because the same stress
ts apply to both components.
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(s) Collupse Load-Lower Bound

If, for a given load, any system of stresses
can be found which everyvhere satisfies equilib-
rium, and nowhere exceeds the material yield
strength, the load is at or below the collapse
load. This is the lower bound theorem of limit
analysis which permits calculations of a lower
bounid to the collapse load. i

N-413 Derivation of Stress Intensities — One
requirement-for-the-acceptability of a design (see
N-410(e) is that the calculated stress_intensities
shall not exceed specified _allosable limits.
These-limits-differ depending on the stress cate-
gory (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 speci-
fied limits. The steps in the procedure are as
follows:

(a) At the point on the vessel which is being
investigated, choose an orthogonal set of coor-
dinates such as tangential, longitudinal, and
radial, and designate them by the subscripts ¢, /,
and r. The stress components in these directions
are then designated o;, oy, and o] for direct
stresses, and T;, T[r, and 7, for shearing stresses.

(b) Calculate the stress components for each
type of loading to which the part will be sub-
jected and assign each set of stress values to
one or a group of the following categories:?

(1) General primary membrane stress, Pn -
(see N-412(f) and (k).

(2) Local primary membrane stress, Py (see
N-412(7)). : ‘

(3) Primary bending stress, P, (see N-412
(g) and (k)).

(4) Secondary stress, Q7 (see N-41%i)).

(5) Peak stress, F (see N-412(k)).

(c¢) Group the stress components in accordance
with N—413(g) Figure N-414 is to provide assistance
in assigning the stress values to the appropriate
category. At any rectangular box calculate the
algebraic sum of the o;'s which result from the
different types of loadings and which have en-
tered the box, aand similarly for the other five
stress components. The result is a set of six
stress components in each box.

(d) Translate the stress components in the ¢, I,
and r directions into principal stresses, 0, 0; and
o,. (In many pressure vessel calculations, the ¢,
1, and r directions may be so chosen that the
shcaring stress components are Zero and Ty, Oy
and o, are identical to oy, of, aad c;.)
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(=) Calculatz the stress differences §,,, S,,,
ead 3,, from the relations '
Siz2=¢1-22
Sp3 =0y - Oy
Su =0; = Oy
The stress intensity, S, is the largest absolute
value of §,,, S;3 and §,,. _
[Note: Membrane £ ity is derived &Hom the
stress components sveraged scross the thick=ess of the sec~

‘tion. The averaging shall be performed st the componeme
level, in step £b) or fc) above.)

(f) The stress intensity calcilated .as in (e)
from the stress components in any rectangle in
Fig. N-414 skall not exceed the allowable values

of N-414, which are shown in the circle adjacent

to the rectangle in Fig. N-414.

N-414 Basic Stress Iatensity Limits' — The
five basic stress intensity limits which are to be
satisfied are (see Fig. N-414):

N-414.1 General Primary Membrane Stress In-

tensity =(Derived from P, in Fig. N-414.) —The
stress intensity derived from the average value

' Design quantities are a3 defined in N-340
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across the thickness of a section of the general
primary stresses (see N-412(%)) produced by da-
sign intcmal pressure and other spocified ::--
chaaical loads, but excluding all secondary azd
peak stresses. The allowable value of this stress in-
tensity is Sp, as given in Table N421, N422, or N-423.

N-414.2 Local Membrane Stress Intensity —
{Dervied from Py in Fig. N-414.) The stress in-

“Tensity derived from the average valne across the

thickness of a section of the local primary stres-
ses (see N-412(j) produced by design pressure
and specified mechanical loads but excluding all
thermal and peak stresses. The allowable value
of this stress inteasity is 1.5 §,.

N-414.3 Primary Membrane (Gereral or Local)
Plus Primary Bending Stress Intensity — (Derived
from. Pr + Py in Fig. N-414.) The stress intensity
derived from the highest value across the thick-
ness of a section of the general or local primary
membrane stresses plus primary bending stresses
produced by design pressure and other specified
mechanical loads, but excluding zll secondary
and peak stresses. The allowable value of this
stress intensity is 1.5 Sn.
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8 TABLE N.413 CLASSIFICATION

TABLE N-413

OF STRESSES FOR SOME TYPICAL CASES

H-"..::I Component Location Origin of Stresz Type= of Strass Classification
drical or Shell plate remots Internal pressure General membrane Pn
spherical shell from discontinuitiss Gradient through
; plate thickness Q
Axiz2l thermal Membrane Q
gradient Bending Q
Junctioa with head Internal pressure Membrane P
or flange Bendirg Q
Aay shell or Any section across External load or General membrane
head entire vessel momeat, or in- averaged across full
ternal pressure section. Stress com- P
ponent perpendicular
to cross section
External load or Bending across full
moment section. Stress com- P
ponent perpendicular n
to cross section
Near nozzle or External load Local membrane PrL
other opening moment, or in=- Bending Q
teraal pressure Peak (fillet or carner) F
Any location Temp. diff. be- Membrane Q
tween shell and
head Bending Q
Dished head or Crown Internal pressure Membrane P,
coaical head Bending Py
Knuckle or junction Internal pressure Membrane Pr*
to shell Bending Q
Fiat head Center region Internal pressure Membrane P
Bendiag Py
Junction to shell Internal pressure Membrane Py
- Bending Q
| ._""_-_""_:Hormud head Typical ligament Pressure Membrane (Av. thrue Py
or shell in 2 waniform cross section)
pattern Bending (Av. thru [
width of lig., but
gradient thru plate)
Peak F |
Isolated or atypical Pressure Membrane Q ji
ligament Bending F
Peak F
Nozzle Cross section Internal pressure General membrane
perpendicular to or external load av. across full
nozzle axis or moment section. Stress P
component perpendi- | (5., n_417.9)
cular to section S
External load or Bending across Py
moment nozzle section (See N-417.9)
Nozzle wall Internal pressure General membrane Pp(See
Local membrane Pr N-417.9).
Bending Q.
Peak F
Differential Membrane Q
expansion Bending Q
= Peak F
Cladding Any Differential Membrane F
expansion Bending F
Any Any Thermal gradient
thru plate thick- Bending Fan
| ness ;
| Aoy Any Any Stress Concentration F
| (notch effect) {

Consideration must elsc be given to the possibility of wrinkling and excessive deformation in vesaels with lacze
dizmetar-to-thickness ratio.

*Consider possibility of thermal stress ratchet {see N-317.3),
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FIG. N-414 STRESS CATEGCRIES AND LIMITS OF STRESS INTENSITY

Stress Primary S::agdcry R
< T embrene "
Categary | General themSrens | Lezal Membrane Beanding sliis Banding 9%

Description | Avarage primary |Average stress |Componuat of | Seli-equilibrating | (1) lzcrem=nt added

(For ex- stress across across any primary strcss | stress necessary |to primary or secozd-

amples, solid section.  -{solid section. |proportioral | to satisly con- ary stress by a con-’

see Excludes discon |Considers dis- [io distance tinyity of structure centration. (aotch)

Table tinuities and continuities from centroid | Occurs at struc-

N-413) concentrations, - |but not coa- of solid tural discontinui- |[(2) Certain thermal
Produced oaly by |centratioas. section. Ex- |ties. Can be stresses which may .
mechanical loads. | Produced only |cludes discor-| caused by mechan- | cause [atigus but

by mechanical tinuities aad | ical load or by not distorticu of
louds. concentrationsd dil{lerential ther- |vessel shape.
Produced only | mal expansion.
by mechanical | Excludes local
loads. stress concentra=
tions.
Symbol
(Note 4) F

Combination I I I

of stress i

Components '

and Allow- t

able Limits b

of Stress 1 .

Intensities. !

v
I
|
]
1
|
1

; Note 3
)

[PL+Py+Q+F e

Use Design Loads

== — — — Use Operating Loads

NOTE 1 — This limitation applies to the range of stress intensity. When the secondary stress is due to a temperature
excursion at the point at which the stresses are being analyzed, the value of S shall be taken as the average of the 5p
values tabulated in Tables N-421, N-422, and N-423 for the highest and the lowest temperature of the metal during the
transient. When part or all of the secondary stress is due to mechanical load, the value of 55 shall be taken as the S,
value for the highest temperature of the metal during the transient.

NOTE 2 — The stresses in Category @ are those parts of the total stress which are produced by thermal gradien:s,
structural discontinuities, etc., and do not include primary stresses which may also exist at the same point. It should be
noted, however, that a detailed stress wnalyais frequently gives the combination of primary and secondary stresses direct-
ly and, whea appropriate, this calculatsd valuo represents the total of P + Py + Q and not Q@ alone. Similarly, if the
stress in Category F is produced by s stress concentration, the quantity F is the additional stress produced by the noteh,
over and above the nominal stress. For example, if a plate has a nominal stress intensity, Py =5, Py 20,0 =0 and a
rotch with a stress concuntration K is introduced, then F = P (K = 1) and the peak stress intensity equals Py + P,
(K = 1) = KP,. However, P is the total membrane stress which reaults from mechanicul loads including discontinuity
effects, ruther than a stress increment. Therefore the PL value ulways includes the Py contribution. .

MOTE 3 = 5, is obtained [rom the futigue curves, Fig. N~315. The allowuble stress intensity for the full ranz= of
fluctuativn is 2 Sg.

NOTE 4 — The symbols Py, Pr. Pp. Q. and F do not repres=nt single quantities, but rather sets of six quantities re-
presenting the six sirens components G, Of, @,, Ty, T, aad Ty-
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N.ij4.4 Primary Plus Secondary Stress Inien-
2 — (Derived from Pr + Py + Q in Fig. N=414.)
.<e~ Note 2 of Fig. N-214.) The stress intensity
dorived from the highest value at any point
s=rass the thickness of a section of the geaeral
.z local primary membrane stresses plus primary
teading stresses plus sccoadary stresses pro-
Iuced b\ specified operating pressure and other
specified mechanical loads and by general ther-
—~al cffects. The effects of gross structural
diseontinuities but not of local structural dis-
continuities (stress concentrations) shall be in-
cluded. The allowable value for the maximum
rangs of this stress intensity is 3 Sn (See Note
1 of Fig. N-114).

N-§14.5 Peak Stress Intensity — (Derived from
P: - Py + Q + F in Fig. N-414.) (See Note 2 of
Fig. N-414.) The stress intensity derived from
the highest value at any point across the thick-
ness of a section of the combination of all
primary, secondary, and peak stresses produced
Ly specified operating pressures and other me-
chanical loads and by general and local thermal
cffects and including the effects of gross and
local structural discontinuities. The allowable

lue of this stress intensity is dependent on
.je range of the stress difference from which it
is derived and on the number of times it is to be
applied. The stress intensity to be compared to
the allowable value is obtained by the methods
of analysis for cyclic operation describcd in
N-115 through the use of the fatigue curves,
Fig. N415.

N-415 Analysis for Cyclic Operation — The
suitability of a2 vessel component for specified op-
erating conditions involving cjclic application of
loads and themal conditions shall be determined
by the methods described herein, except that the
suitability of high-strength bolts shall be de-
termined by the methods of N-416.2 and the pos-

sibility of thermal stress ratchet shall be inves-
tigated in accordance with N-417.3. If the speci-

s tests on which the design curves are based did not in-
viule tesis at temperatures in th: creep range or in the
i'»srnce of unusually corrosive environments, cither of
whizh mich: aceelarate fatigue failure. Therefore, as noted
% Ne202 these curves aze not applicable ot operating tem-
Peratures for which ereepis a significant factor. In addition,
thz dersizner shall evaluate separately any effects on
f1tizue life which might result fror: an unuscally cosrosive

mvirommens,

DISICN

fied operation of the vessel meets all of the con-
ditions of N-415.1, no analysis for cyclic opera-
tion is required, and it may be assumed that the
peak stress limit discussed in N-414.5 has beza
satisfied by compliance with the applicable re-
quirements for materials, design, fabrication,
testing, and inspection of this Subsection. If the
operation does not meet all the counditions of
N-415.1, a fatigue analysis shall be made in ac-
cordance with N-415.2 or a fatigue test shall be
made in accordance with [-1080.

The conditions and procedures of N-415.1 and
N-415.2 are based on a comparisoa of peak stres-
ses with strain-cycling fatigue data. The strain-
cycling fatigue data are represented by the
design fatigue-strength curves of Fig. N413!
These cuarves show the allowable amplitude,
Sas of the altemnating stress component (one-half
of the alternating stress range) plotted against
the number of cycles. This stress amplitude is
calculated on the assumption of elastic behavior,
and hence has the dimensions of stress, but it
does not represent a real stress when the elastic
range is exceeded. The fatigue curves are ob-
tained from uniaxial strain-cycling data in which
the imposed strains have been multiplied by the
elastic modulus and a design margin has been
provided, so as to make the calculated stress in-
tensity amplitude and the allowable stress ampli-
tude directly comparable. The curves have been
adjusted where necessary to include the maximum
effects of mean stress, which is the condition
where the stress fluctuates about a mean value
which is different from zero. As a consequence of
this procedure, it is essential that the require-
ments of N-414.5 and N-417.5 be satisfied at all
times with transient stresses included, and that
the calculated value of the altemating stress in-
tensity be proportional to the actual strain ampli-
tude.-To evaluate the effect of alternating stres-
ses of varying amplitudes, a linear damage re-

lation is assumed in N-415.2(d).

The loadings to be considered shall include
those loads that are due to testing of the vessel
when such testing is in addition to that required
by this Subsection.

N-£15.1 Vessels Not Requiring Anralysis .for
Cyclic Operation — An analysis for cyclic opera-
tion is not required, and it may be assumed that
the peak stress limit discussed in N-114.5 has
been satisficd for a vesscl or part thereof by com-
pliance with the applicable requirements for ma-
terials, design, fabrication, testing, and inspec-
tion of this Subsection, provided the specificd
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operation of the vessel or part tlareol meets all
of the following conditions:

(2) The specified number of tizes (includiag
startup and shutdown) that the pressurs will be
cycled from atwospheric pressure to operating
pressure aand back to atnespheric pressure does
not exceed the number of cycles on the applicable
fatizus curve (Fig. N-415) comespoading te an
S, value of 3 times the S, value of Table N-421,
N-122, or N«23, for the material at operating
temperature.

(b) The specified [ull range of prassure fluc-
tuations during normal operation does not ex-
ceed the quantity (1/3) x design pressure x (5,/5,,)
where S, is the value obtained from the applic-
able design fatigue curve for the total specified
number of significant pressure fluctuatious and
S. is the stress from Table N-421, N-422, or
N-423, for the material at operating temperature.
If the total specified nuaber of significant pres-
sure fluctuations exceeds 10°, the §, value at
N = 10° may be used. Significant pressure [luctu-
ations are those for which the-totat-eXCussion_ex-
cceds the quantity=

Design Pressure x = x

S
3" Sa
where S = the value of S, obtained from the ap-
plicable design fatigue curve for 10° cycles.

(c) The temperature difference in deg F be-
tween any two adjacent points® of the vessel dur-
ing normal operation and during startup and shut-
down operation does not exceed S;/(2Ex), where
S. is the value obtained from the applicable de-
siga fatigue curve for the specified number of
stxrtgp-shutdown cycles, = is th= value of the in-
stantaneous coeflicient of thermal expaasion at
the mean value of the temperatures at the two
points as given by Table N-425 and E is taken
from Table N-427 at the mean value of the temper-
ature at the two points.

! Normal operation is defined os uny sst ol operating condi-
tions other than atartup ond shutdown which are specified

for the veaszl to pesform its intended [ 1
K312 (n)(2) and (3)). T Tabunct S [ane

za’.dia:ent. points are dafinel aa poiats which are spaced
less than the distance 2 V'R from each ether, whese X and
t are the mean radius and thickneas, respzctively, of the
veuael, mozzls, flanze, or other component in which the
puinzy are locuted. ’

31 ke algebeaic rrnge o! the diffurence shall be used,
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(d) The temperuture difference
tween a=ay two adjacent poiats?

in deg I be-
of the vessel
during normal spesation’ by
more than the quantity S,/(2£x), where Se is the
value obtaincd from the 2pplicable design fatigue
curve for the total specified number of siguificant
terperatura-difference fluctuations.A temperature-
difference fluctuation shall be considersd to be
significant if its total algebraic range exceeds
the quantity S/2E= where S is the value of S, ob-
tained from the applicable design fatigue curve
for 10° cycles.

a
does not change

(e) For components fabricated from materials
of differing moduli of elasticity and’or coelfi-
cients of thermal expansion, the total algebraic
range of temperature fluctuation in deg F ex-
perienced by the vessel Juring nowmal operation
does not exceed the magaitude S /[2(E, =, —
E,=,)], where S, is the value obtained from the
applicable design fatigue curve for the total spe-
cified number of significant temperature fluctua-
tions, E, and £, are the moduli of elasticity, and
«, and =, are the values of the instantaneous
coefficients of thennal expansion at the mean’
temperature value involved for the two materials
of construction. (See Tables N-426 and N-427.) A
temperature {luctuation shall be considered to be
significant if its total excursion exceeds the
quantity S/2(E,«, — E;=;) where S is the value
of S, obtained from the applicable design fatigue
curve for 10° cycles. If the two materials used
have different applicable desigu fatigue curves,
the lower value of S, shall be used in applying
the rules of this paragraph.

(f] The specified full range of mechanical
loads, excluding pressure but includiag pipe re-
actions, does not result in load stresses whose
range exceeds the §; value obtained from the ap-
plicable design fatigue curve for the total speci-
fied number of significant load fluctuations, If
the total specified_number of significant lond
fluctuation exceeds 102, the S, value at N'=I6®
may be used. A load fluctuation shall be con-
sidered to be significant if the total excursion of
load stress exceeds the valus of S, obtzined from

the applicable design [atigue curve for 10°
cyeles,

N<£15.2 Design for Cyclic Loading — 1f the
specified operation of the vessecl does not meet
the conditions of N-413.1, the ability of the ves-



