
NOTES L.8 

SUBSECTION A . 

ARTICLE 2 

Introduction 

N-210 SCOPE which temperatures creep and stress-rupture are 
Subsection A contains rules for the materials, significant factors. 

design, fabrication, inspection and testing, and Fatigue design curves and specified methods 
certification of Class A \*csselu. for fatigue analysis are not applicable above 

700 F for materials covered by Fig. N41Sfa) and 

S-220 TE.\IPER;.\TURE I.I>1ITS above 800 F for materials covered by Fig. 
The rulcs of this Subsectron are not intended N-415( b ) .  

to be used: (b) For vessels that 'ore t o  operate at tempera-

(a) For vessels that arc to operate at tempera- turcs below the nil-ductility-transition (YD?') 
temperature + 60 F of thc.,notcrir?l, at which tern-tures above those for which design stress \.olues - --.... .. . -. .-

arc given in Tables N-121, N-m,atid x42,3, at puatures hiittlc fracture may occur (see 3-330). 



~ - 1 ~ f )SO.\! ESCI.A?lj RE 
l l l c  sy~ubcls uscJ in this Section of the Code 

followins nrconings: 
4 = total required c r o s s - s e c t i d  of 

compensation, sq in. -
D = iaside diameter of s>en or bod, in. 
D, = outside diameter of shell or head, in. 

d = inside diametrr of nozzle, in. 
d, = outside diamstsr of nozzle, in. 
E = modulus of elasticity, (Young's modu- 

lus), psi 
h = minor semidiameter of ellipsoidal head, 

in. 
A' = stress concentra~ion factor 
F = calculated locd or concentrated stress 

component', psi 
m = gasket factor 
N = allowable number of stress cycles a t  

a given level . 
n =  expected repetitions of a type of 

stress cy5le 
Pb = calculated primary bending stress com-

ponent,' psi 
PL = calculated local prim- membrane -

stress component,' psi 
P, = calculated general pdmary membrane 

stress component.' psi  

f i  = internal pressure, psi 
Q - calculated. secondary s t ress  compo-

nent,' psi 
R - inside radius of shell b; head, in. 
R, ,outside radius of shell  or head, in. 

r =.intermediate radius of ho internal point . 
io the shell wall under consideration, 

.- in.. 

S= stress  intensity (largest absolute value 


of S,,, S2,. and Sit) psi ' 


'The smbolo F. Pb. PL. Pm. and Q do nor represent single 
quantities, but sets of s ix  quantirias re~teseneing:he rk 
rtrcrr comnponanb ut,q,ur.Td.T!,. and 7=. 

S, = allowah!= aaplitcde of uItern;itin6 
strcss ~ ~ I I C I I % ~ C Y ,pbi 


Salt-- cnlc~l:itcd arn?litudz of ~1trzr;latin~ 

stress intensity, psi 


S, = endurance limit (or enduranca streagth 

at 10' cycles), psi 


&= &sign stress intensity *.la(see 

.. Tables N421 and X422). psi

.s-',,,, = basic' value of the czlculated mean 


sfress intensity, psi 

S,,,, = adjusted value of the calculated mean 


smess intensity, psi 

S, Icalculated r a g e  of alteraating stress 


in tensity, psi 
S, = ultimate tensile strength, psi 
Sr = ~ i e l d  strength, (0.2 per cent offset) 

psi . 
Sir = algebraic difference between cr, and . 

02, psi 

SI, = algebraic difference between o; and 
US, psi 

S,, = algebraic difference between u3 and 
, 01,psi


-13s - thickness of shell at nozzle, in. 

. r . =  thickness of shell, in. 

4"- throat dimension of fillet weld, in. 

t, a thickness of nozzle, in. 

6, = required :hi c h e s s ,  in. 

f l  = cumulative use factor 

y = gasket unit seating load, psi
- ..
0 = L g l e  of slope of nozzle (see Fig. 

1-613) 
,--

0,= tangential(circumferential) stress corn- 
ponent, psi 

q =longitudinal (meridional) s t ress  con-
poncnt, psi 

v,= radial stress component, p d  
4,W2,cr, = principal stresses, psi 

' it = shear component in &plane, ps i  
71, = shear component in Lr-plane, psi 
'T,, = s)tear.componsnt in r~-~lan+, .psi  

r: coefficient of thermal c-qansion 

,.. 



ARTICLE 4 


S-JlO DESIGN CRITERIA 
The requirements for the acceptability of a 

design arc: 
(c)  T11cdesign shall  be such that s t r e s s e s  will 

not exceed the limits described in N414,  N-415, 
S-116,and N-417 and tabulated in Tables  N-421, 
i\'-422, and N-423. 
(6) The design details sha l l  conform to the 

rules given in IT-440to  X-474. 
(c) For configurations' where compressive 

stresses occur, in addition to die  requirements 
in (a) and (b) the critical buckling s t ress  shal l  
be taken into 'account. (For the special  case  of 
esternal pressure s e e  N-417.3). 

. . 
S-111 Basis  for Determining Stresses  - The 

equivalcnt stress at any point in a vessel  is the 
salue of s t ress  deduced from the s t ress  condition 
rtt the point by means of a theory of failure for 
comparison with the mechanical properties of the 
material obtained in t e s t s  under uniaxial load. 
The theory of failure used in the rules of this 
Subsection for combining s t resses  is the maxi- 
mum shear s t r e s s  thiory. The maximum shear  
stress at a point is equal t o  one-half the differ- 
ence between the algebraically largest  and the ' 
algebraically smallest of the three principal 
stresses a t  the point. 

3-412 Terms ReIating to Stress Analysis -
Terms used in this Subsection relating to s t ress  
analysis are defined a s  follows: 

(a) Stress Intensity - The "equivalent inten-
sity of conlbined stress", or in short, the "stress 
intensity", i s  defined a s  twice the maximum 
shear stress. In other words, the s t ress  intensity 
is the difference between the algebraically largest 
~ r i n c i ~ n l  and algebraically smallest s t r ess  the 
priacipnl s t r ess  a t a  given point.Tension s t resses  
arc co~lsidzred positive and compression s t r e s s e s  
err considcrcd negative. 

( b )  Crass Structural Discorrtinuity - A source 
s t r e s s  or strain intcnsification which affects n 

relatively large portion of a structure and has a 
significant effect on the overall s t ress  or strain 
pattern pr on the structuie a s  a whole. 

Examples of stmi ctural discontin& ties 
are  head-to-shell and flange-to-shell junctions, 
nozzles .(except s e e  N-451), and junctions 
between s l ~ e l l s  of different diameters or  thick- 
nesses. 

( c )  Local Stmcturd Disconcintrity - A source 
of s t r ess  or strain intensification which affects 
a relatively small'volurne of material and does 
not have a significant effect on the overall s t r e s s  
or strain pattern or on the structure as a whole. 

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

(d) lijormat Stress - The component of s t r ess  
normal to the plane of reference. (This is also re- 
ferred to as direct stress.) 

Usually the distribution of normal s t ress  i s  not 
uniform through the t h i c h e s s  of a part, s o  this 
s t r ess  is considered to be made up in turn of two 
components, one of which i s  uniformly distributed 
end e&al to  the average value of s t reqs  across 
the thickness of the section under consideration, 
and the other of which varies with the location 
across the thickness. 

(e) She- Stress - The component of s t r ess  
tangent to the plane of reference. 

( f )  Jlembmne Stress -The component of normal 
s t r ess  which i s  uniformly distributed and equal to 
the average v d u e  of s t r ess  across the thickness 
of the section under consideration. 

(R) Bending Stress - The variable component 
of the nornlal s t ress  described in (4T h e  uaria-. 
tion may or may not be linear a c r o s s  t h e .  
thickness. 

(h )  Prirnury Srress - A  normal s t r ess  or a shear 
s t ress  developed by the imposed loading which i s  
necessary to satisfy the simple laws of cqcili-
briun~ of external and internal forces and rnon~ents. 

The  basic characteristic of a prilnaq s t ress  i s  
that i t  is not self-limiting: P~*imary s t resses  \vhic!l 
considerably exceed the yield strength will re-
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snit in failure, or-at least in Gross distor:ion. A 
t!icene! s:reos i s  not clnssiiiec! PA a primary 
s:rcss. Prin:nz:; ~ r x b r a n t .stress is di:.iidr! iata 
IIgencral" md "local" cntegories. A general 
primacy neabrzne stress is one wl:ich is so  
distributed in tke structwe that no redistdbution 
ol load occur3 as a retult of yielding. .

E x q p l c s  of prinary stress arc: ' 

( l ) . C e w d  m e m h e  r&rs b a tital= 
cylindrical or a spherical shell due to internd 
pressure or to distributed live loads. 

(2) Bending stress in the central portion of 
o fIat head due to pressure. 

(iJ SecondrvySrrcss-,\normal stress or a shear -
stress  developed by the coutraint 01adjacent' ' 
parts or by self-constraint of o stnrcture.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 i s  not to he expected. 

Exqnples of secondary stress are: 
(IJ General themal. s t ress  (see (m) (fi). 
(2) Bending stress at a gross structa~ral dis- , 


continuity. . 3 


(j).  Prtnury toeal Gienbmne Stress--- Cases 
arise in which a membrane s tress  produced by 
pressure or other mechanical loading and associ- 
ated with a printery and/or a discontinuity efEect 
pmducu excessive distortion in  the transfer of 
load to other portions. of the structure. Consenra- 
tism require* that such a stress  be classified as 
a pdmary loce2; pembrme s t ress  even though i t  
has some characteristics of a secondary siress. 

A stressed region may be considered local if the 

djstmcs over which the stress intensity exceeds 

1.1 S, does not extend in the meridional direction 
mare then 0.5fl and it it is not closer in the 
meridional dir;ction than 2.5 I/K to aaoLhet 
region where tke limits of geneml primar). mas-
brane stress are exceeded, where R is the mean 

radius of tke vessel and r 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 

i s  the ntembrsne stress in a shell produced by ex-

ternal load and moment nt a permanent support or 

a t  a nozzle conucction. 

(k) PcoA. Stress - The iacrtnrent of stress 


svbich is  additise to the primary plus secondary 

stresses by reason of stress conccntrations or 

lwal rficnnal stress (see ( m )  (2)) iacluding the 


( i f  anj-) of stress conccrltrar_ions. 
The h s i c  characteristic of a p~';tru~is 


that it does no: cause any noticcable distortion 


and is ol~ject~cnnbleonly as a posrihIa sottrco of 
a. f a t i g ~ r  cr,~ck or a fracture. r\ a t ~ e s rIriit!e .. 
which is cot hig31y localizec! f;i!I* into :$is ca:=-
gory if i t .  is of a type which c;lnaot crusa 
no:iccabla distortion. Exi?31tples of peak s t r c r i  ore: 

(I) The thermal s t ress  in th; austrnitic 
ateel cladding of o carbon steel t.esse1. 

(2) The thermal stress in the wall of o ves-
n t  or pipe cvued by a w i d  change in trmpcrh 
W e  of the contaiurd fluid. 

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

( I )  Load Stress - Thd stress resulting from 
tfit application of a load, such as internal p r e  
sure or the effectr of gravity, as distinEuishd 
from henna1stress. 

(m) Themat Stress - A self-balanciug stress 
produced by a nonuniform distribution af tenpen- 
ture crr by dificring thermal coefficients of ex-
pansion. .Thcnnal stress is developed in a solid 
body wheaever o volume of material i s  preventad 
from mrrorning the size and shape that it 
normally should under a change in temperature. 

For the purpose of establishing allow&lc 
stresser, hvo types of thermal stress ere racog-
nized, depending ox the volume or area in which 
distortion cakes place, as follows: 

(I) General themal s t ress  which is associ-
ated with distdrtion of the struchlrc in which i t  
"oars .  If a stress of this type, neglecting stress 
concentrations, exreeds twice the yield strength . 
of. the muterial, the elastic analysis may be in-
valid. and successive thermal cyiles may pro-
duce incremental distortion. Therefore this type 
is claseified es secondary s)ress in Table N-413 
and Fig. lS-414. $ 

Examples of general thermal stress arc: -"" 

[a) Stress producecl by an axial t h e m 1  
gradient in a cyliadricd shall, 

(b) Stress by -the temperat- 
diflerence between a nozzle and the sben to  
which it i s  attached. 

(2) LocaI thermal stress which is auoriztted 
with almost complete suppression of the diffem- 
rial expansion and thus produces no s ip i f icaa t  
distortion.Such stresses sllall he considered ady 
from the f a t i yc  standpoint and are therefore elas-
sifjed a s  local stresses in Table 3-413 and Fig. 
Sd514. In evaluating locrl t h p m d  stresses &e 
procedures bf N41?.S(b) sliall be used. 
. Examples.of local thrrmnl stress arc: 

(3The strcss in  u smq11 hot spat is a 
vessel wall. 

(b) Stress front n mdiol temperatare 
gradient in a cYlindric.tl shcli. 



(1.1 The tl~ermul s t r e s s  i n  cli~du'ir~ga ::re-
.:$@<I xhich 11:ts a cneflicicnr of esp3nsior. dii-
i.-.::::. . fro:: that of tl!c bzse rnrtn!. 

j : : )  Opcrc;ioricL Cyclr  - An operarional cycle 
i s  i!efir.cd a s  the initiation and cstablisSmrnt of 
r.:;,. cosditiclns followed by a return to tlie con-
ditions that prevailed a t  the  begitrnins of the 
r:-cl~. Tl:ree types of operational cycles  are 
cqnsidered: 

(I) Startup-shutdown cycle, defined as any 
cycle which h a s  atmosph;ric temperature and/or 
~ r e s s c r e  a s  one of i t s  extremes and normal op- 
eratifig conditions a s  i t s  oher'extreme. 

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

(3) Sormal operating cycle, defined a s  any 
cycle between startup and shutdown which i s  re- 
quired for the vessel to perform its  intended purpose. 

(0) Stress Cycle - A strCss cycle i s  a condi-
tion in which the alternating s t r e s s  difference 
(see 3-43.2(~)(2)) goes  from an initial value 
t!lrough ;hi algebraic maximl~m value and an alge- 
b:aic minimum value and then returns to the initial 
value. A single operational cycle may result in 
one or more s t r e s s  cycles. 

(p) Fatigr~eStrength Reduction Factor  - A 
ess-intensification factor which accounts for 

effect of a .local structural discontinuity 
isricss concentration) on the fatigue strength. 
Valucs for some specific cases, based on experi- 
ment, are given elsewhere in th i s  Subsection. In 
the absence of experimental data, the  theoretical 
stress concentration factor may be used. 

(q) Sflakedotun - The abse ice  of a continuing. 
C ~ C I Cof plastic deformation. A structure shakes  
down if after a few cycles of ioaJ application, . 

the deformation s i ab i l i t e s  and subsequent struc- 
tuml response i s  elast ic,  excluding creep effects. 

(r) Limit  .sf noly; is~ot lwse_.Load 

Thc methods of limit analysis are used to com- 
putc the maxinrurn load a structure made of ideal- 
ly plastic (non-strain hardening) nlaterial can 
carry. The deformations of an ideally plast ic 
structure increase without bound. at  t h i s  load, 
xhich i s  termed the "collapse lond." T h i s  con- 
c i p t  i s  useful  s ince  dcfornintions of structures 
;.l.lde of  rcnl nlaterials arc in of an e las-  
~ i c  order of magnitude for any load belo\< the 

:*re l'it5!tr .\'-413 ;,at! Note 4 of Fip. S-.tlG. 
1 -*u?divioiun of rcconJnry .tre+.res into n~cn~brane  and bend-

ccr:lponcnts i s  not rccloirc;l bccau-e  the  same streas 
' 

t s  a;t;~lrto bot5 components.  

I[, for n given load, any system of s t r e s ses  
car1 l ~ r  lourld whicti rveryv.here satisfies equilib- 
r iun~,  and no\\.hrre esceeds thc n:att:rial yield 
strengtll, the load i s  a: or below the collapse 
load. T h i s  i s  the lower bound theorem of limit 
a n a l p i s  which permits calculations of a lower 
b p u ~ i t t d t $  collapse load. 

K 4 W  p i k a t i o n  of Stress Intensit ies - One 
requ it-enrlwt-for-the-acceptabili ty of a dgsigD-(see 
5-410(c) i s  that the calculat.ed stress-intensit ies 
shal l  not esceed specific? -a l lo~table  limits. 
Thcsol ia~irs-di f fer  depending on the s t r e s s  cate- 
gory secondary, etc.) from which the 
s t r e s s  intensity i s  derived. This  paragraph 
describes the procedure for the calcuIation of the 
s t r e s s  intensit ies which are subject to the speci- 
fied limits. The s t eps  in the procedure are as 
follocvs: 
(a) At the point on the vesse l  which i s  being 

investigated, choose an orthogonal s e t  of coor-
dinates  such a s  tangential, longitudinal, and 
radial, and designate them by the subscripts t, I, 
and r. The s t r e s s  components in these directions 
are then designated or, Ur ,  and 01 for direct 
stresses, and Ttl, Tlr, and rrt for shearing stresses. 
(6) ~ a l c u f i t e  the s t ress  components for each 

type of loading to whicl~ the part will be sub- 
jected and i b i g n  Cach s e t  of s t r e s s  v a l i e s  to -
one or a group of the following categories:' 

(I) General primary membrane s t ress ,  P, 
(see K-412(f) and ( h ) ) .  

(2) Local primary membrane s t ress ,  Pt (see  
N41Yj)1. 

(3) Primary bending s t ress ,  Pb (see X-412 
(g) and Ih)). 

(4) Secondary stress,  Q2 (see N-41Vi)). 
(5) Peak s t ress ,  F (see  S-41Yk)). 

(c) Group the s t r e s s  componenLs in accordance 
with &413(b) Figure 81414 i s  to provide assistance 
in assigning the s t r e s s  values to  the appropr'iate 
category. At any rectangular box calculate the 
algebraic sum of the U ~ ' S which result from the  
different types of loadings and which have cn-
tered the box, and similarly for the other five 
s t r e s s  components. The result i s  a se t  of s i s  
s t r e s s  conlponents in each bos. 

(d) Translate the  s t rcss  cornponerrts in the t ,  I ,  
nnd r directions into principal s t resses ,  o,, and 
u,. (In many pressure vessel calculations, the t ,  
1, and r directi0r.s nlny be so  chosen that the 
s l ~ e a r i n ~s t r e s s  compoi~ents are zero and u,, 0,. 
and 0, are identical to o t ,  01, a d  cr.) 



fc) Czlcala::: the stress Giffcrence's Slt,,:Sz3, 
2nd .T3, frotz thc relations 

SIZ= CI - c* 
s,, = QZ - Clj 

s3 I = 0,- 01 
The stress intensity, S, i s  the largest rbs01;:e 

valge of S,*, Sat and Sat. 
( K n r r S k a k s m o l u - b M d b r L  

.ass ;aapoueam mramd -8s thm t h i c k *  mf tb.a 
.tion. The a=:agia~ shall. be p*rfomcd' at tha cwgs-
level, h stop (b )  or (el  above.) 

(f)The stress intensity coldla ted  .as in (e) 
.from 	 the stress components in any rectangle in 
Fig. N414 shall not exceed the dlowablc values 
of 8-414, which are shown in the circle adjacent 
to the rectangle in Fig. N-414. 

3-4111 Basic Stress Inrensity ~ i r n i t s !- The 

five basic s t ress  intensity limits which are to be 

satisfied are (see Fig. N-414): 


~ : 4 1 4 .l Gerretal Primmy Mrmbrnnc Stress ' in- ' 

tezsi ty -(Derived fr0.m PA in Fig. S-414.) -The 
s t ress  intensity derived from the average value 

Design quantities rr;  as defined in 3-440 

across the t5ickness of a section of the grnerzl 
primary stresses (see X-1112(;,] ) prad.;ccd Sy 1e-
s i p  in:cmal pressuic and oiLer spccificd ::rc-

chnxical loailr, but sscluding all secondary z.? 
peak st-esses. allow~~b!: d u e  of tnis st-ess in- 
tensity i s  s,,,,as given in Table 3421,34.$2,~r)-$z. 

h'dld.2 Local ,Ucmhcme Stress lrrtensif) -
(Da\.icd ftom PL .in Fig. 5414.) The nttss i+ 
tensity derived from the avmp value auoss d~ 
thickness of a section of-the local  primary stres- 
s e s  (see N-412(j) produced by design pressure 
and specified mechanical loads but excluding all 
thermal and peak stresses.  The allowable value 
of h i s  stress iAteasity i s  1 5  S,. 

N-414.3 Primary Alenbzclne (Gecetal or Local) 

Plus  Primary Bending Stress lrrtens?:y - (Derived 

fron. PL + Pb in Fig. K414.1 The  s t ress  intensity 

derived from the highest value acros:c the thick- 

ness  of o section of the general cr local p r i ; r q  

membrane stresses plus primary bending s t resses  

produced by design pressure and other specified 

mechanical loads, but excluding all  secondary 

and peak stresses. T h e  al!o\vable value of this 
s t ress  intensity is 1.5 S,. 
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TABLE N-413 CLASSlFlCATIOH OF STRESSES FOR SOME TYPICAL CASES 

ponent perpendicular 
to cross section 

L 

Near nozzle or External load Local membrane PL 
other opeilina moment, or in- Bending Q

ternal pressure Peak(fi1let or corner) - F' 

Any location 	 Temp. diff. be- Membrane Q
tween shel l  and 
head Bending Q 

Dished head or Crown Internal pressure 	 Blernbrane Pm 
conical head Bending pb 

Knuckle or junction Internal pressure Membrane PL*
to shel l  Bending Q

Fiat head Center region Internal pressure 	 hlembrme Pm 
Bending Pb 

-~-p 

Junction to shell Internal pressure Membra-ne PL 
Bendins 

I :,$&orntud held Typical ligament Pressure 'bleikbrane (Av. thru_,.. .. ' 
pm1 or shell 	 in P uniform cross section) . . pattern 	 Bending (Av. thrn 

width of lig.. bu: Pb 
gradient thru plate) 
Peak F -1

Isolated or atypical Pressure hlembr~ne Q I 
ligament Bending F 

Peak F 
Sozzle 	 Cross section Internal pressure General membrane 

perpendicular to or external load av. across full 
nozzle ax i s  or moment , section. Stress Pm 

ComPonent ~ e ~ e n d i -  
cular to section (see 5 4 1 7-9) 

h'ozzle wall 

External load or 
moment 
Internal pressure 

Differential 
expansion 

Bending across 
nozzle section 
General membrvle 
Local membrane 
Bending 
Peak 
Membrane 
Bending 
Peak 

Pm 
1 (See 3417.9) 

Pm(See i 
p~ X417.9). 

FQ. 1 
Q
Q
F 

Cladding Any Differential 
expansion 

Llembrane 
Bending 

F 
F 

.in: Any Thcrrnal gradient 
thru plate thick- Bending Fa* 

+ n e s s  
1 Any 
1. 

Any Any Stress Conccnt:arion 
(notch effect) J 

F 
I 

C*nsidcrarion must also be given to the possiltilit). o! winkling a d  excemoi+c dcforaa~ionin uess+ls with l u z e  
dionctet-to-thickness ratio. ..
Consider possibility of therxsl stress ratchet (see K-41i.3). 

21 



SECTIOS iI1 S1'C;LE.-\!1 \'LSSE:LS - CLASS :I 

FIG. El-414 STRESS CATEGORlE5 AN2 LIMITS OF: STRESS INTENSITY 

KME 1-T h i s  limitation applies to the range of s t ress  intensitr. t h m  the secondrrr r t r e s s  is due to a t c m p e r a g ~ e  
excursion at  the point at  whicb the streares are bain: analyzed. rhe value of Sm shall be taken a s  the average of the Sm 
values tabulated in Tables W21. N41-2, and N423 for the highest and the I ~ w o ttemperature of tke nvcral during the 
twnsiont. t h e n  part or a11 of the sccondar). s tress is due to mechrnieal load. the value of Sm shall  bm taken r s  the S,,, 
value tor the Ilighesr rsnperrturm of the metal during the transient. 

NOTE 2 - T h e  s t resses  ia  Catcrory Q are rhore parts of the total s tress which arc pr~ducedby thermal gradients. 
structura1 discontinoities. ctc.. m d  do not inelude primary stresses which mar also exist at the same point. It should be 
noted. howerer. that a detailed stres:. anairsis  Irequently give:. rhe combination of primary anal s c c o n d a ~stresses direex-
ly and, when appropriate, this calculated v d x o  represents h e  total of PL t Pb and not Q alon;. Similarly. if tho 
s t ress  in Category F is  prod2ccd br  8 stress eoncenrration. the quantity F in  the additional s tresr  prodrtccd by the notch, 
over and above the nominul stress. For  example. i i  a plate has a nominal s trcss intensit)-. P ,  = S. Pb i0. Q = 0 and 8 

notch with o stress concmtratioa b i s  introduced. then F = Pm (K - 11) and the peak s t ress  intensity equals In,, + P, 
(h' - 1) = KP,. tio~verer.PL i s  the total memb:.lne s t ress  \*hich results from meclranicul laads including disuontinuitr 
effects, ruthcr than a stress iacten+nt. Therufore the PL \ d u e  always includes the P, contribu.:ion. 

hOTE 3 - 5, is  obtrincd from the I ~ t i g u ecurves. Fig. SJl5. The allowable stress in tens i~yfor the full rang- of 
fluouatiun i s  1 Sa. 

h'(YI'F: 4 - T h e  symbols P,, PL. Pb. 0.and F do not reprrrlnt single quarrtilies. but rather sc:s of s ix  yu~nti;ies re-
presenting lbe six rz r r ss  compoaents q. -1, v,. rtl. T&. a d  Ta.  

L 

S t r e s s
cotrgJV 

Descript ion 
( F o r  ex-
m p : r r .  
see 
T8bh 
S-413) 

Symbol 
(Note 4) 

Combination 
ol s t r e s s  
Compooents 
a n d  A l l o w  
a b l e  Limi ts  
o f  S t r e s s  
Intensi t ies .  

P:imary Secondarg 

p l v sIAernbrcaBondingo -
S e l i - e q u i l i b r o t i ~ g  
s tmr n e e e s s a y  
to  s*isfy con- -
W id S ~ ~ C C O -
O e a r s  a t  s t t c -
rural discontinui-
t ies .  Can b e  

: 
P e a k  

(I) I a c r a c e n t  added 
10 primary o r  second-

I 
ary s t r e s r  bg a co*. 
t+n~atioa. (noich) 

(2) Ccr ta io  thermal  
s t r c s s ~ swhich may . 

B9nd;na 

Componeot of 
primary s t r e s s  
p m p o n i o c l l  
to diuaaw ,
trsls catraid 
of solid 
sect ion.  Ex-

General  lr)smbrenr 

Average  p r i s t a q  
s t r e s s  across 
s o l i d  sec t ioa .  -
fx c l u d e r  disco-
t inu ic ie r  and ' 
conc=nnat ions .  -
Produced  oaly by 

c a u s e  r = t i p =  but 
n o t  d i a l v n i o ~o f  
vessel shape .  

F 

Lc;ol h\smSrzno 

A\.erage m e s s  
a c r o s s  aaj-
s o l i d  s 
C d d u s  di, 
continuities 
b u t  n o t  t o a -
centrat iozs.  

I 

I ' 

I 

U s e  Des ign  L o a d s  

---- U s e  Opera t ing  L o a d s  

mechanica l  loads. P m d u c e d  only  
by m e c h a n i c d  
louds. 

c l u l e s  d i s c o r -
t inu i t ies  and 
concentrat ions 
Pmdaced onIy 
by mechonical  
loads.  

PD, 

caused  by mechan-
ical load o r  b y  
dif ierential  t h c r  
mal expansion. 
Excludes  l o c a l  
s t r e s s  concentra-
tions. 

PC pb Q 



!jyGi4.4 IJrinfflry P/ / I s  Seco?itf?ry St:e,ss [ , / ten-

$$ - (Derived froi:i PL + P b  r Q in Fig. K414.I 
.$.:* sD:c2 of Fig. S-414.) Thc s t rcss  intensit!. 
iC:i';c'jl [roc: the I~ighest v r t l ~ ~  allya: point 
.:-;.,S.S t f ~ cthickness of a section of the general 
..: ~ , : r ~ lprimnr). memhrat~e s t r e s ses  plus primary 
JLmJd:rlg s t resses  plus secondary s t r c s scs  pr.0-
!!:~dby specified operating pressure and other 
specified mechanical loads and by general thcr- 
.llJeffects. I h e  effects of g o s s  stmctural  
dissor,:inuities but not of local structural dis- 
Foatinuities (s t ress  concentrations) shall  be in- 
ci1:Jc.d. The allowable value for the maimum 
rage: of this s t r e s s  intensity i s  3 S, (See Kote 
1 of Fig. 3418. 

.Y-- i . t$ .~Peak Stress Infensiry - (Derived from 
PL - P b  + Q + F in Fig. 8-414.) (See Note 2 of 
I:ig. 3-414.) Thc s t r e s s  intensity derived from 
rEe highest value a t  any point across the thick- 
ness of a section of the combination of all  
pticlary, secondary, and peak s t r e s ses  produced 
5. specified operating pressures and other me- 
chanical loads and by general a n d  local thermal 
cfitcts and inc1udiug the effects of gross and 
lorn1 structural discontinuities. The  allowable 

lue o! this s t r e s s  intensity i s  dependent on 
!>.e range of the s:ress difference from which i t  
is derived and on the number of t imes i t  i s  t o  be 
+plied. The s t r e s s  intensity to b e  compared to 
the allo~vable is obtained by the rnethods 
of analysis for cyclic operation described in 
.\'-.&I5through the use of the fatigue curves, 
i:ig. X-415. 

S-1115 Analysis for Cyclic - .- -.-.Operation The  
sci'tabili ty of; .vessel component for specif! ed op- 
er;i:ing conditions involving cyclic application OE 
Iuads and thema1 =onditions shal l  be determined 
by the methods described herein, except thn: the 
suitability of hifihlstrength bolts shal l ,  be de-
ten~~inedby the method3 of N-416.2 and the pas:, 
sibli t? of thermal s t r e s s  ratchet shall  be  inves- 
tigated in accordance with N-417.3. If the speci- 

' ' r h  k s t s  on which ;he des i zn  curves o;e bascd did not in- 
k!::!~ t e r : ~at temperatures in ch: creep range or in the 
:--**-nee of ususually corrosive environments, either of  
bAi':h migh: accclarntc farigt1c failure. Thcrcforr. as noted.-... s-202 th t sc  curves are not applicable nt operating tcrrr-
7er.l:z:e~ for which creep i s  n s iCnif icsnt  factor. In addition. 
'5dr.sikne: shall evaluate separately any e f f ec t s  on 
falitu? liie &ich oipht result fro=# an unusually corrcrrive 
.*vi:unmen:. 

ficd operation of the vessel meets a11 of thc con- 
ditions of M-zt15.1, no analysis for cyclic opern- 
tion i s  rerjuircd, nnd i: may be assumed ttrat the 
peak s t rcss  limit discussed in 3-:I14.5 h a s  hccn 
satisfie4 by co:nplicr~rce with the npplicab!e re- 
quirements for miaterinls, design. ' fabrication, 
testing, and inspection of this Sxbsection. If tine 
operation does not meet a l l  die cottditians of 
wJ15.1, a fatigue analysis shall  be niade in ac- 
corQnce with 3-415.2 or a fatigue t e s t  shal l  be 
made in accordance with 1-1080. 

The  conditions and procedures of N-415.1 and 
N-415.2 are based on a comparison of peak stres- 
s e s  with strain-cycling fatigue data. T h e  strain- 
cycling fatigue data are represented by the 
design fatigue-strength curves of Fig. N-4151 
These  cdrves show the allowable amplitude, 
S,, of the altemating s t ress  cornponen t (dnk-half 
of the alternating s t ress  range) plotted against 
the nun~ber of cycles. This  s t r e s s  amplitude i s  
calculated on the assumption of elastic behavior. 
and hence has  the dimensions of s t r e s s ,  but i t  
does not represent a real s t r e s s  when the elastic 
range i s  exceeded. The fatigue tun-es are ob- 
tained from uniaxial strain-cycling data in which 
the imposed strains have been multiplied by the 
e las t ic  n~odulus and a design margin h a s  been 
provided, s o  a s  to make the' calculated s t r e s s  in- 
tensity amplitude and the allowable s t r e s s  ampli- 
tude directly comparable. The curves have been 
adjusted where necessary to include the maximum 
effects of mean s t ress ,  which i s  the condition 
where the s t ress  fluctuates about a mean value 
which i s  different from zero. As a consequence of 
this procedure, i t  i s  essential that th; require-
ments of N-414.5 and N-417.5 be sa t is f ied  a t  a l l  
times with transient s t resses  included, and that 
the calculated value of the altemating s t r e s s  in- 
tensity be proportional to the actual  sirain ampli- 
. t ~ d e . ~ T oevaluate the effect of alternating stres- 
s e s  of varying amplitudes, a linear damage re- 
lation i s  assumed in N-415.2(dJ. 

, T h e  loadings to be considered shal l  include 
those loads that are dus to testing of the vessel  
when such testing i s  in addition to that required 
by this Subsection. 

N 4 1 5 . 1  Vessels No! Requiring ri?:glysis -for 
Cyclic Operction. - .  . - An analysis for cyclic opero- 
ti011 is not required, and i t  may be assumed that 
the peak s t ress  limit discussed in S-414.5 has  
hecn satisficd for a vesscl or port thereof by c0:n-
pliancc with the upplicalle require1ne:lts for mn- 
tcrinls, design, fitbrication, testing, nrrd inspac- 
tion of this Subsection, the specified 
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u p ~ i a t i ~ nof t!w vessel or pzrt tl.crc3f meets a!! 
' Ittons:o l  i b . ~fol!owi;~s c ~ > R J '' 

(2) 'Ise specifietl n u d % :  0; ciir.es (iscI:::?Iil*o 

s :d : t~~2:13 S!!CIJ!O\V~)t!:zt the prassf!:? wi!: bc 

cj.cled from z:a:ospl:eric pressure to  operating 
pressure 2nd hack to at:nosp:?etic prassure docs 
not exceed tire numb- of cycles on the appl ibble  
f3=igue tun- (Fig. tb anK-415) c ~ s p o d ~  
S, value of 3 timer the S, valse of Tatla S4.21, 
8-122, or Pr'423,for the material a t  oparaing 

(b) 'ne specified full range of przssun fluc- 
tu;r:ions during norn.al operation 

1 
does not ex-

ceod thc quantlty(l/3) x design pressure x (S,/S,,,) 
where S, is t h t  value ob:ained from the applic- 
able design fatigue curve for the total specified 
numbcr of significant pressure fluctuatious and 
S, i s  the stress frorn Table X-421, N-422, or 
3-123,for the material a t  operating temperature: 
If the tot31 specified nuntber of significant pres- 
sure fluctuations exceeds lo', the S, value at 
S = 10' may be used. Significant 'pressure fluctu- 
ations are those for ~ h i t 3 i - t h r t o t ~ ~ S o ~ - e x -  -, and are 

(d )  The tcmperutrtre diffcru,ncu in be-
tween cny two udjnct::: poiilts' of ti:c vessel 
does not c !~ : l r .~c~  npa:alion1during iroi.r;:al - .  b:; 
more thzn t ! i~  qu;~n:ity S,.,/(2E%j, ~;1:erc>, :s ti::: 
valcc obtaincr! froni the a?plicable de$ign !atigrie 
cunwefar t l ~ e  total specified numSer of sigrtifican: 
tempemturs-difference f1uctuations.A :ernperarure- 
difference f luct*~3~ioa sbrll be considered to  be 
significant if its total rlgebraic mnge cxeeeds 
the quantit). where S is the va!ue of S, .ob-
tained from the applicable design fatigue curve 
for 10' cycles. 

(e) For components fabricated from materials 
of differing moduli of elasticity andtor coeifi- 
cicnts of thermal expansion, the total o!yobraic 
range. of temperatuir fiuctuatiou in dcg F es-
perienced by the vessel during normal operation 
does not exceed the magnitude S,/[?(E,=,-
EZ=2)], where S, is the value obtained from the 
applicable design fatigue curve for the total spe-
cified niimber of significant temperature iluctua- 
tions, E, and El are the moduli of elzsticity, onrl 

the values of the instec:sneous 

1: deg 

cc e d C t h Q u ~ l n t i t ~ ~ .  

Design Pressure x -1 
x -S 

3 s m  

where S = the value of S, obtained from the ap- 
plicable deiign fatigue cnrvc for 10" cycles. 

(c) The ternpera:~~re dilfcrence in deg F be-
tween any two adjacent points2 of the vessel dur- 
ing noriad operation and during startu? and shut- 
down operation does not exceed Sa/(2E=), where 
S, i s  the value obtained from the a~pl icabte  de- 
siga fatigue curve for the specified num5er of 
~ q - s b p t d o w ncycles, = is th: value of the in- 
stantaneous coefSicient of thermal expaasion a t  
the mean vdue  of the temperatures a t  the two 
points as given by Table Kj24 and E is taken 
frornTzbte K-427 et the mean value of b e  temper-
ature at the two points. 

Kornal operation is defined or rnr r t t  of operating condi-
tions o:hcr tha~t  atartup aad shurdo-.m mhich  nrs rpeci!ied 
lor tho.  v e ~ 5 . l  ta pe-fom its intended luaction (.el 
K-;12(z)(Z) and (3)). 

2~djr .c tatpoints are defins.1 s.i point. which are spaced 
l e s s  then the dls:aace 2 v- from each 0th-T, "he:* 3 and 
r are t l~c=can rn2it.u m d  thicknear, r e l ~ : e t i v c ! ~ ,  of :he 
ves.re1. aozzla ,  f1ir:tffr. or othst compot.~r.c in which the 
soin:. .nl o c a r e i  

sl.hc nlgebraic rcng. o! tb di!fm*nc+ &all be usrd. 

coefficknts of ttcnnal expansion a t  the mean ' 
typerature value involved for the two materials 
of construction. (See Tables N-426 and fi-427.) A 
temperature fluctuation shall be considered LO Le 
significant if i t s  total excursion exceeds tlie 
quantity S/2(El=, - EZrz)  where S is  tlre value 
of S, obtained front the applicable d e s i g ~fatigue 
curve for 10" cycles. If the two mazerials ustcl 
have different applic~ible d e s i p  fatiSue curves, 
the lower value of S, shall be'used in applying 
the rules of this paragraph. 

(f) The specified full range of rnecI~anical 

l o d s ,  excluding pressure but inc!udin~ pipe re- 

actions, does not result in load stresses whose 

range exceeds t he  S, value obtained from the ap- 

plicalle design fatigue curve for the total speci- 

fied numbcr of significant load fluctuations.& 


--. .-.-thc..totalgpecilisdsumber. -- of significant- lond 
f l u ~ t ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ e c d s . ~ ~ ~ . ,-theS,-\:slue.at K'17Ge 

.--"--may ba used. A load fluctu3tion shall be con-

sidered to be significant if the rota1 escursiAn of 

load strcss'excecds the value of S, obtained franr 

tbc applicnLlc design Intiguc curve for 10" 

cycIcs. 


h'-$15.2 De~s ign/or Cyc!ic I.oclfr:g - If tbe 
specified opention of the vessel docs not meet 

the conditions of 3--115.1, b e  ability of the re* 



