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2.3.3. BEEAHIZEKY BT B 5EE
(1) fRWAE

2.3.2. Q) TiX, RIS EZERT 256 L L TREFTHW L 72O DOFE IS ORI HiEE R L
T2in, T2 T PSR IR AET D RIS D REI CEHE T E D0 E 0 hEaRET o720 i
ROV v RET/VTIHERIEEHNT (GREBMEARIT) 21T BIES 2 A BT O 56
LR 5,

fRATET VIER-2.3. 20 L B TH Y | ISHETBFEES D PRSOZERICE-2. 3. 11ITR
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IO FEYE (AT - i - AR FEICKT L CO. 0IBL FEFRRAELE L, =a— b TV ViEEH
WCRERI R 21T o T,

cnﬂ:J%Kax—aﬂz+®y—o}y+(az—adﬂ+3@§+r;+r;) (4.1.1)

ZZ 7T, oy :vonMises DFHY)ET)

M DIEHE oo (N/mm2)

500 T
+ E/100
F&{K = 0 ,=355 1
E=200000N,/mm?
T/1
| £, | | (Elﬁﬁﬁll) |
I T T T V) € y T T T 1
-0.01 (EHEaD (0] 0.01
MOV TH
€
/ "Uy:_355

-500 —
BRI IREBIZ BT 2R TH 0, BRI

K-2.3.11 i DIELRE R4S

2-26



(2) fEMTHER

X 2.3.1212, T 77 ICRET DIG0 3 v % —ORIE MR & PRI AT (VMR
Br) & OHBIZIHWT, Z=40mfi7E (X=100mmA{%) (23817 HX-VERNOIS 122 —25R L, B
2.3 BT 7 7 v Y THICE T HX-Z2HHNDIR ) a2 v 2 — &Ry, 7o, B-2.3. 14123 b E
J5 77 0 (DAEA K E VX100-YO-ZAOME D EERIZH T D o — ¢ BIRD I A R,

B 2.3.12(e) & (F) DR LV | WENIZE T DMisestHYIET] o PWEIR A 0 % 2 2 HFHIX
KT PERRAT & MRS ARNT (FEYBMEMRNT) & CIRIIMIIC R A D b OO mBICEIZ E K& /e
%ﬁ&<\ﬁﬂ#ﬁ%%ﬁ(ﬁﬁﬁ%ﬁW€im%ﬁzéﬁﬁWTWﬁ®ﬁ%%ﬁﬁbMTwé%
DEWVWZ D, £, ZTOEROERITHIEIZK L TL/4FEE L/ &, B-2.3.13(e) & (f) o ktigiz
BWTHRBRIC, X-ZFHEWNIZIIT DBIK AR o 248 2 5 S IHIE I MEAT & ATEHERR I fET (5
SVERRAT) & CBARE 2781370 < | MBRBERUEMRIT (REBVERRNT) Tl o, 282 DHEFAN TIE DO
By ATHOI TN D, 2B, WTNOMHTIZB W THEIRNT) o, Li/NEIST) 0 i SEIRA 0 &

DRI IE, BT R ST, ARG IR CTRERT mEIS DB EE L TV 585 TH D
ZENbnD,

2B R 2.3.125 0 X=100mfHED F7 52 P TFREICEW T, b RHME O K & /s

wints BRTEFRMEARHT TI3K9-890 N/mm®, ABFIESUEMENT (REBMEMEYT) TiX. #9-530 N/mm’& W
IRV BT BT, L L, ZTHHDEWIRIAE B AL TW D ERWEEIR DS 1 ORIz D\ T
(X, FEMFRATIZIIT 2 BT MUIC K558 E 21T 2% 2L . T LRI NTWD DI Tl
WOT, 2T, BRAE o BB 25 ORI OF XTI D R EIT 57,

B 2.3. 141277 9X100-YO-Z4ON B D ERIZI T D o — ¢ BROIEE LD & | MEHEFERE T
CHIBMEREAT) 12351T DMisestB I DR KR OT I (5£90. 6%) 1T — XA e VA B & = LS
EEOT 2 (HON=23%) IZxF L THDICRBRH D, 7o, MisestHYISIIHIT D 0 — « Hifk &
77 7 O e T COTATRAX—) ZHET D & BREEMEMITIZA0AB=£70. 88, 1k}
R ARAT  (HEVEMEMEAT) 1ZOIO0CDE=KI1. 91T v | MIEIIERIGARAT (HUEEIERENT) D7 B OF A
TRAF—=P2EU ERE WV, AT, MEBERIEAT GREBIERENT) TITISERE O3k
RISHTHITH L2503, OFT IR BIGNETEDOEHNERIZET LR L EZDBND,

RFRZXG L LTS b Llc—56CTldd 523, HRISGREIC I T 28 L9 2 f8ikix 2 </
S WROTHBIWOT K L THITITRB DD DH T LR I,

2-27



& L] I-50. 5
— -100. T 10!
i _200 ' 00.
950, 3 -250,
'
S -Boo. 30
T334 i
-3
-
0
45 450
4 -50f —poo.
540, 550
'
~5h0- /6]
' 1
oy K = o i
EUX& ! EUR& '
' 00. | -70p.
' 1
H ~750 ' ~750.
Output Set: MSC/NASTRAN Cpéé 1 ' Output Set: Case 10 Time 1. !
Deformed(16.18): Total Trangfition | -800 Deformed(16.19): Total Transjdfion | -800.

Contour: Solid X Normal Seess X=100mm Contour: Solid X Normal Stss X=100mm

(a) BN o, (BRIZERERT) (b) EA 0, (GEERALEFEMT)

Ci ENEE c
-50. L -50.
— 100. - 100.
0. 150
i -200. 200
— i
' -250. 250,
s 1
1 -Boo: -
'
: 0.
i
'
| | . T -400/
| 450 { -45|
N -500. -5
-590. H =
~600: =400.
f h 1
. '
s = o 50.
=% %3 ' =% %3 i
' 00. ! 700.
' '
' '
| -750. ' =
Output Set: MSC/NASTRAN Gé&e 1 ' Output Set: Case 10 Time '
Deformed(16.18): Total Trapdlation ' -800. Deformed(16.19): Total Tydhslation ! -800.
Contour: Solid Min Prin Stfess X=100mm Contour: Solid Min Prip/Stress _
X=100mm
=/NEIG S (¥R FLRRARAT) = Z
C i 3 d | in (FEFRTEZ )
(C) E, \ Ly o-mm K117 B ( ) Ei, A} i Umm vKIT7 A
Vi ~d ] i v P e
aol L oo 4 I T P o S A ,
o1 R NN
750. 5
— 700. - 70
. '
1 150 i
N ] N 1
=% %3 ; y =% %3 !
' '
' '
H 50. H 50.
Output Set: MSC/NASTRAN C#e 1 | Output Set: Case 10 Time 1. |
Deformed(16.18): Total Transfation ' o. Deformed(16.19): Total Transfation ' 0,
Contour: Solid Von Mises &tress X=100mm Contour: Solid Von Mises &tress X=100mm

(e) Mises YN o, (FRFERARIT) (f) Mises YN o, CGERRLERAENT)

K-2312 TI7250PAar2—0HE (Z=40mm SIE®D X-Y Fm)

2-28



L,

4800~ - il
+800- Eami

Output Set: MSC
Contour: Solid X

mho.

X=1y
]

(#RTGERARAT)

00mm

-150.
—-200.
—250.
-300.
—-350.
-400.
-450.
-500.
-550.
-600.
—650.
-700.
=250,

—-800.

0.

-50.

-100.

-150.

-200.

-250.

-300.

-350.

-400.

-450.

-500.

-550.

L

-600.

-650.

=700

THI00T T

- ~750-

Output Set: MSC.

-800.

n
0
T
IRIRNRENLERRNN

Contour: Solid Mifr

€) BNERH O min

L

46007

Output Set: MSC
Contour: Solid Ve

(e) Mises JFE#FL'JJ

X=100mm
RN

1

5o,

(¥R ERARAT)

800.
750.
700.
650.
600.
550.
500.
450.
400.
350.
300.
250.

200.

oy (HRTGRRAEEAT)

X=100mm
'

I
P
i

I
I
I
I
I
i
T
I
A
i
HE e
I
I
I

b e
o1 HEEH
G30
- Y
-.-.-cL OO OO

Output Set: Cas:

Contour: Solid X

-150.
-200.
-250.
-300.
-350.
—400.

~450.

-500.

-150.

-200.

-250.

-300.

-350.

—400.

~450.

-500.

L

-.-.-cL MO0

Output Set: Cast i
Contour: Solid Mi :

(d)

L

- .4.CL"'+I00."

Output Set: Casq
Contour: Solid V¢

-CL

BNERN 0 e (FESRTGBRARAT)

X=1,00mm
'

(f) Mises &GN o, (GERRTEEEMT)

E-2313 FTI5UOKAAVE—OHE (TS5 PTERD X-Z F@H)

2-29



800

700 A
600 A FIoGDE —o— EE 1 0 x(§H)
500 AOAB . ~ —— EI5 N 0 x(FE# )
~ a0 =/ e——a" B/NERSH 0 min()
1
E 20 : ; B/NER F1 0 min(FE#RTE)
> 100 : : —0— Mises 71 0 MU )
o 0 : : o, B .- —8— Misesh 11 o MERT)
t ‘;gg 4 X MYIVET L Ox
E 300 P4 = EErRYILET M Oox
-400 (o] %iﬂ%ﬁ g x
-500 —
-600 //
-700 L3
-800

-0008 -0006 -0004 -0002 0 0002 0004 0006 0008
VFHe

K-2.3.14 $EXALEHAEPED o —c BEFROEB (x100-y0-z40 RIENDER)

23.4. BFBEICEITABEEADREL

TR, AT O EISEECH Y Y RET VA5 L 72 288 A T IHTHE O 2K T iz
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WHEAS A OMIME S . Bl X (XEBEF AR = VR (M-2.4.7) TETMLT D72 ELTEREL
RITUTR B 720, ThIE, ZZEPEE L TIHET 256, HDWIERETTMT & v k3R 2EE)
DIFR E 725 L5 G EICHETH 5,

FRICHEMER ISR E TR THAEE. VU v REFREZHWDLIRETH Y | BHEROET M bIEX-2.
4. 8D X DNTTHDR I,

Element length '-_ )
= 1.0t

= Elerment width

B-2.4.6 T ILEZED FEN EFILAI
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BiEE— P
y ® EXHE a

AR
—O—O—MO—O—OX—.—O—

B-2.4.7 THRFBOBEEETIVES (& o VERERR)

| Extrapolation points

at nodes

E-2.4.8 vy FEROD FEM €7 I)LEH

VRBE LI SRR LA L BT DRI DEHRDORE S, AMFRICB W THERRERN G OND
IO LRTNIER B0, b D WVITEDZERITEALZT HERBORE I, EREFLAH LN
LB — R R E iz ks & OBRBEDSN0. 4tLL T e B X9l RETH 5,

FEME 7 /WA IR o IO R I DAL Z R T LN TEDL D LT RETH D,

BRI A X B SHLHEAITIE, BONATIRETH D,

JEAE. B DN 2V OEE TEET S,

WHY A APRKEIZFTL STV RWGA . TR E T D HEY OFEEIZIE U O BANCE - T
R A XERET D,

Type “a” @ Hot-spot
Structural Hot-spot stresso  J3is IS & TReOMMFXEHWN RO HLD, (X2.6.9)
1) Hot-Spot L COEHEY A AP K0 4t THLMMNA v oz AL
Jt /1B U ZHot-Spot 2> 0. 4t 1. 0t D2&FT COHIRIG I TR L. (1) OFIBIMTEIC X
VR D,
Ons = 1.67 X 6941 — 0.67 X 67 ¢ (2.4.1)
2) 1) EFRBROMMDNA Y 22 HND5E
Hot-Spot7>50. 4t, 0. 9t 1. 4t D 3T O AUE ) TREM L, 2 (2) D ZWAMHEIC L W R D,
Z OFiEIE. Hot=SpotiZdW N THEERIIG ) DA IERIZICHIN T D BRICH W B 5,
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Ohs = 2.52 X 694t — 2.24 X 699+ 0.72 X O} 4¢ (24.2)
3) Hot-Spot ETOERY A ZDBIRIFE L ELWVEKOHNA v 2z HND5E
Hot=Spot7>50. 5t, 1. 5t D 2f&FT D H I S /1 F 7T B m thOs TRl L. 2 (3) dfk
JEAMEIEIZ LV R 5,
ons = 1.50 x 695:— 0.50 X 07 5 (24.3)

Type “b” @ Hot-spot

Type bIZBWTIE, SO MITHREITHKIE LAV, Ko T, S BRI R B O PR
Lo TERIND,
1) Hot-Spot E TOEERY A ANREHK0. 4t THHMNNA > v 22 HAND5E

Hot-Spot 2> 5 4mm, 8mm, 12mm @ 3 ST O AT TR L, R(Q2)D ZIMFIEIZ LV R 5.,

Ohs = 3 X O4mm — 3 X O8mm T012mm (2.4.4)

2) Hot-Spot - TOEFEY A4 XN 10mmD EROHN A v 2 2 ZHWEEE
Hot=SpotiZ#x b U\ 2> D H i s (Hot—=Spot 7> 5 5mm & 15mmDALE) s I K- TEH L., =X
(5) DFIEAMTIEIC L 0 BT 5,

Ohs = 1.5 X 65pm — 0.5 X G15mm (2.4.5)
Fine mesh Coarse mesh
t=t, t*w/2
SW%O JAt*t, 0.4t*w
Hot spot O 13
type a)
t t
0.5t
Ot 1.0t
*
N 4%Amm ﬂ 10mm
Hot spot
type b)
| 4mm 5mm
8mm ) 10mm
12mm

E-2.4.9 A v a1DEBWVZKSIENERAME

£-2.6.2 #HEA Y21V XABIVIMHERIUE
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FEME7 /L Coarse model Fine model
Hot-spot# A~ Type a Type b Type a Type b
ylw¢*t 10 % 10 (mm) 0.4t * t LUFE/=% (4 % 4 (mm) AR
A X ekt ok w/2 Y 0.4t * w/2LLF
e [LE T 10 * 10 (mm) [0.4t * t LUF =1 |4 * 4 (mm) L F
Bt *w 0.4t * w/2LLF
© o1 |0-5, 1.5t 5,15@5gn) 0.4, 1.0t 4,8,12 (mm)
%T@;'ﬁfﬁ% EF'FEﬁEDnE\\ EF‘FEEEIU{%T\ Eﬂl'ﬁ EDAJJ:
Ve |0:56 1.5t _ [p,15(mm) 10.4¢,1.0t 4,8,12 (mm)
B —7 = A | — T = A | i £ i

) wi HUST A OB R+ 2 R

2.4.4. Effective notch stress&EH

— %

(1)

HWUIR EISINIYIR S HIRIZBIT DI TH Y . MEOBRE M EE 2 E L TRO BN D,
VEBEIAR N T A — 2 OEFHIME 2 Sl 72 b DI E  #i 2 5, #EERHICx LT, AR &0
WL L Cr=lmE AWV A Z L2 . FJEORWERNELNA Z LR LNCENTNS,
W RHMMIZ B W TR, AZUIKR &G T % — o0 d@ g bR & i 5,

#-2.6.3 Effective notch MiESEHiAhE

P _figd FAT
ERE IR LOVL—NT | 85 O s iE 995
DEffective notch¥-£% : m=3

ARFEITEE LGS D WITEE L — D OEITRENE L L5 & TSN M FICORBEH TE
%, ORI, Bl IXREOM S, WIERKGSEE R & 72 50 57 IEHEEANA Th 5, £
7o BRETREISHESPEERE EITH 50T — R X v v 7 LT L R 586 b i A#H T
HD,

ARPEITEEERORBRZHMETT 20128 LT\ 5, FRICHE SN TWeid v, 1k i3
AHMETICH LT30° | TAREEFTICK L T45° 295 2 L 2T 5,

B 2T ER OTREEZIT O HE O X 912, FHRREIR & i BN ERTE 2581213,
ARNENR ZIETEATICER LT, Z ORI ImZ N 72EEZ HWTH Loy,

7ok, RFEITIWENSmEL EOGEIZIRYEH TE 5, WNENL LD ENGAEICIE, AFED
Z G PETRE D B AL TR,

(2) Effective notch stressDit&

AR EIET 8 2 WITIS TR PAREIE, BEBRC XFR, AMRESECEAERENORD D Z
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ENRTED, AHUIRE I, ZOHmMPEEOYIR & el (B 2 1TSS TW R0 L— F Xy v
TORE)IZHET D L O ICEA IS,
BHIHUIREISOH BB TCIL, THRENDIIRAELZEZE L2T Ul b,

Radius = Imm

-2.4.10 Effective notch stress it HEHFHRE
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NB-3200 DESIGN BY ANALYSIS NB-3200 f##ric &k %5t

NB-3210 DESIGN CRITERIA NB-3210 EyEtise

NB-3211 Requirements for Acceptability NB-3211 &Rt

The requirements for the acceptability of a
design by

analysis are given in (a) through (d) below.

(a) The design shall be such that stress
intensities will

not exceed the limits described in this
Subarticle and in NB-3100 and tabulated in
Section 11, Part D, Subpart 1, Tables 2A, 2B, and
4,

(b) The design details shall conform to the
rules given

in NB-3 100 and those given in the Subarticle
applicable to the specific component. P

(c) For configurations where compressive
stresses

occur, in addition to the requirements in (a)
and @) above, the critical buckling stress shall
be taken into account. For the special case of
external pressure, NB-3133 applies.

(d) Protection against nonductile fracture shall
be provided by satisfying one of the following
provisions:

(1) performing an evaluation of service and
test conditions by methods similar to those
contained in Appendix G; or

(2) for piping, pump, and valve material
thickness greater than 2*12 in. (64 mm)
establishing a lowest service temperaturel that is
not lower than RTNDT (NB-2331) + 1000?F
(5607C);

(3) for piping, pump, and valve material
thickness

equal to or less than 2112 in. (64 mm), the
requirements of NB-2332(a) shall be met at or

FRATFI & 5 BREHABL TR T (@) ~ (d)
BT A FTRE T 5.

(a) S /158 (Stress Intensity) 23, Z @
Subarticle, NB-3100, Section Il Part D
Subpart 1 ™% 2A, 2B B L4 IR ESNT-
] FRAIE 20 88 2 72 0.

(b) R FEEMIAS NB-3100 1278 S L= HAE,
B KO E OERR 123 F AT HE 7 Subarticle
IR ENTZHEITHE-> TV D,

(C) FEMEIS DM C D TRIRITKRE LT,
() B & (b) ([N ASEIEIS I3 BRE ST
WD, SHNEDORFR AR LT,
NB-3133 234 T E 5.

(d) BLF IR D — il = &
IC XY, MR A REE A IE ST
5.

(1)Appendix G IZEZ EFNTWDH 7L L SH
PoTFIEIC XY, HH B X ORERD S0
Al STV D,

(2) BE 64mm Z B 2 HEE, RN T8
O Tickt L Cix, fEAIREER
RTNDT(NB-2331)+560C L. |- CTdb 5.

(3) HE 64mm LL FOELE, Ko7k
UL T7ITx LT, Rt BIOR I
AR HE IR EE DL T I2 30 T NB-2332(a)
FORFEN - STV 5.
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below the lowest service temperature as
established in the design specification.

NB-3212 Basis for Determining Stresses

The theory of failure, used in the rules of this
Subsection for combining stresses, is the
maximum shear stress theory. The maximum
shear stress at a point is equal to one-half the
difference between the algebraically largest and
the algebraically smallest of the three principal
stresses at the point.

NB-3213 Terms Relating to Stress
Analysis

NB-3213.1 Stress Intensity

Stress intensity is the equivalent intensity 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 principal stress at
a given point. Tensile stresses are considered
positive and compressive stresses are considered
negative.

NB-3213.2 Gross Structural
Discontinuity. Gross

structural discontinuity is a geometric 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 (NB-3331),
and junctions between shells of different
diameters or thicknesses.

NB-3213.3 Local Structural
Discontinuity. Local

structural discontinuity is a geometric or
material discontinuity which affects the stress or

NB-3212 tH

REDEK

FLAE IS S xE LT Z @ Subsection
OHEIZBWDTHW LTV DO H G
L, mREAWICNERTH 5. %5m
B HERKRKEAWISNIE, £ORIZEBT 5
NSRS - ZA N WAL AL v - G SEAS =)
12 125 L.

NB-3213 & Af##rIZhhih 5 H5E

NB-3213.1 iz & E

LB YIS &S 72 ED Z L.
%kﬁhmmﬁmzﬁT*iém5 HD
FUCBT DI REIN T & e/ FEIS T R %
%(%%ﬁﬁiﬁ,@%ﬁﬁiﬁ&%x
B) EnWHZ Lt TEAS.

NB-3213.2 2B ETES

JE IR FFEM ORIERARIZIB T D057 -
OT B DA 2 % K &?%%H%E’Ji 7=
ISAEHP 22 R, il & LC, head-to-shell
X flange-to-shell ¥ F, ~ X/ (NB-3331),
B DEEMIEZ AT 5 shell DA
RENHB.
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strain distribution through a fractional part of the
wall thickness. The stress distribution associated
with a local discontinuity causes only very
localized types of deformation or strain and has
no significant effect on the shell type
discontinuity deformations. Examples are small
fillet radii, small attachments, and partial
penetration welds.

NB-3213.4 Normal Stress.

NB-3213.3 BE MG B ET EH

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.

NB-3213.5 Shear Stress.

WEF 0 O—ER3CBIT DT - T4
DA S 2 K AT B0 T2 13K
HZe g, fle LT/hSR7 4 by b
B, NS, ERSTTE T IA SRR &
%.

NB-3213.4 EHitH

SFGRTTRNC TR B 7RSS IR Gy . RIS T
(directstress) & &5 9. HWil, [EILID5)
MIFXES N —ERTIE Wiz, B
FPEEIE & EB R L TE 2 B
5.

NB-3213.5 B AEiG 1

Shear stress is the component of stress tangent
to the plane of reference. 1t

NB-3213.6 Membrane Stress.

RGBT AT 7R JIR ST

NB-3213.6 &G 5

Membrane stress is 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

NB-3213.7 Bending Stress.

KB E S Frc—EEc oM L,
& RE ENE L WEIG T ORS.

NB-3213.7 BT 5

Bending stress is the variable component of
normal stress described in NB-3213.4. The
variation may or may not be linear across the
thickness.

NB-3213.8 Primary Stress.

NB-3213.4 |Z/R S-S I DB %Sy
ZDOAITE S HFRNZERR E 721X gk
DR TH 5.

NB-3213.8 — it/

Primary stress is any normal stress or a shear
stress developed by an imposed loading which is
necessay to satisfy the laws of equilibrium of
external 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 result

G4 & NI D5 Sk % i 2 9 2 AT 1T
Ko THELDIEINDELIZTEAWISS. B
CLifiIER (self-limiting) TlX72 N2 &A%, JEA
BZRRHECH D, BIRREZ 72 VEB X 5
—WISINIEEE, HoH WD b2k
7R A2 LD, IRESINT—RIGI)T
7, — RIS T — R X OVRPTH
HIFIZ O IND ., — R — RIS 0,
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in failure or, at least, in gross &stortion. A
thermal stress is not classified as a primary stress.
Primary membrane stress is divided into general
and local categories. A general primary
membrane 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
cylindricalor a spherical shell due to internal
pressure or to distributed live loads;

(b) bending stress in the central portion of a
flat head due to pressure.

NB-3213.9 Secondary Stress.

Secondary stress is anormal stress or a shear
stress developed by the constraint of adjacent
material or by self-constraint of the structure.
The basic characteristic of a secondary stress is
that it is self-limiting. Local yielding and minor
distortions can satisfy the conditions which
cause the stress to occur and failure from one
application of the stress is not to be expected.
Examples of secondary stresses are:

(2) general thermal stress [NB-3213.13 (a)];

(b) bending stress at a gross structural
discontinuity.

NB-3213.10 Local Primary
Membrane Stress.

Cases arise in which a membrane stress
produced by pressure or other mechanical
loading and associated with a discontinuity
would, if not limited, produce excessive
distortion in the transfer of load to other portions
of the structure. Conservatism requires that such
a stress be classified as a local primary
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 membrane stress intensity
exceeds 1 .1S, does not extend in the meridional
direction more than1. 0./# where R is the
minimum midsurface radius of curvature and t is
the minimum thickness in the region considered.
Regions of local primary stress intensity

BRIk OFER L L TR EDOFA D34 LRy
L ITHEEMHR AL TNDHHEDTH
L. = oFE LTI, LFOHOMN
H5b.

(@) WEE I HMmIEREIC LY FfEE
T2 ERE S = WA U D — RIS )

(b) FE/312 & v flat head O g iz A U 5
BT 7

NB-3213.9 =it H

BB DA RO ECHEE O B S RIS
KOVAECAEINDEZITEAWIS ). BE
IR TH D = & NEEARWZ2EE. JRETHI 7R
BRSSO/ NI 22 BT, I &2 E L2082
DI ST OVER TR ITA Uy & v ) ik
Tiile 9 E NSRS RIS OBNELL
Tow@y .

(a) —MXHO7RIREE I /) [NB-3213.13(3)]

(b) A 2 AR 35 1T 2 #TS
7]

NB-3213.10 B &BEI— X IEE 5

JE 155 DR 8 5 UM AR K D IEG
INE, ERRHIR S e, #EEom
DERIN KT D ff EARERFIZ IR K2 BT %
LD, ZOXIRICNIZ, T 2E2NH
WSSO AR TS LTS, 8
) — RIS N T D E R N H 5. FES
FIBRIE S 1.1Sm %8 2 5 FEBEAS - 2FHR 07 18]
2 1L oJREBZ T IUE, IEAIBETTY
LTI ThH D EE X TRV, =72
L, RITHImEOH/NFELE, t Ik
AL DOFR/MIETH S, 1.1S, Z % 5l
RIFRIELE 70 5347 % 2 o Ry B — R bt /) D FE
BT F RN 2508 L0 b 2 &
L7200, R=(R1+R2)/2, t=(t1+t2)/2
ThHY, 1TEXREOR/RIE, BT

»—»—cr
— e,
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involving axisymmetric membrane stress
distributions which exceed L.IS,,, shall not be

closer in the meridional direction than 2.5./#
where R is defined as (R; + R,)/2 and tis
defined as (t; + t, )/2 (where tl and t2 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
1.1S,,,). Discrete regions of local primary

membrane stress intensity, such as those
resulting from concentrated loads acting on
brackets, where the membrane stress intensity
exceeds LIS,,,, shall be spaced so that there is no
overlapping of the areas in which the membrane
stress intensity exceeds 1.1S,.

NB-3213.11 Peek Stress.

Peak stress is that increment of stress which is
additive to the primary plus secondary stresses
by reason of local discontinuities or local
thermal stress [NB-3213.13(b)] including the
effects, if any, of stress concentra~ons. The basic
characteristic of a peak stress is that it does nat
cause any noticeable distortion and is
objectionable only as a possible source of a
fatigue crack or a brittle fracture. A stress which
is not highly localized falls into this category if
it is of a type which cannot cause noticeable
distortion. Examples of peak stresses are:

(a) the thermal stress in the austenitic steel
cladding of a carbon steel component;

(b) certain thermal stresses which may cause
fatigue but not distortion;

(c) the stress at a local structural discontinuity;

(d) surface stresses produced by thermal
shock.

NB-3213.12 Load Controlled
Stresses.

Load controlled stresses are the stresses
resulting from application of a loading, such as
internal pressui e, ine~ial loads, oar the effects of
gravity, whose magnitude is not reduced as a
result of displacement.

SRAE 2N 1.1Sm & 2 5 fEIRIC ds 1 D g
DI/MIREETHD. 777 v MIEAH
TAHEPREICL VAT HHEEO X 51T,
B S BREE 2N 1.1Sm %8 2 5 BlEEH 72 Ja 50
B — RIS JI58REE DO fEIIE, FNAER D
WK O RIEE ST THEET .

NB-3213.11 E—4&H

e AR & G T SRR R AR e R B I
FEJE /7 [NB-3213.13(0)] IR L TAL
— WIS B LR RIS OFNZ & 512800
SNBSS OBINE. ©— 75O AR
PITE L WEREZA U, o7& /WMt
EEORES L7200 9 5 L) RICB W TH
BNHDHENWHIZ L THD. HERER %
AURTNIE, BO TR EVWIFRTD
RWVISINIZOSEICET S, B —2in
OHFNFLLF D@ Y .

() IRFI D A — AT F A M cladding
BT DI T

(b) I I DIFEIK & 72 B NETEOJRIA & 1%
TR BN HFOIREIRT)

(c) JRTEBIAE S A BT DS )

(d) JEEE /B (thermal shock) (2L W AT %
KIS

NB-3213.12 Load Controlled Stresses (fif &
AR e 77)

WHE, WEBHTE, EHOER® X 9 et
EOMMERTAZEICEVAETL AN FO
RESIILZROFER L LD THZ LT
VAR
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NB-3213.13 Thermal Stress.

Thermal stress is a selfbalancing stress
produced by a nonuniform distribution of
temperature or by differing thermal coefficients
of expansion. 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
are recognized, depending on the volume or area
in which distortion takes plar,~, as described in
(a) and (b) below.

() General thermal stress is associated 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
invalid and successive thermal cycles may
produce incremental distortion. Therefore this
type is classified as secondary stress in Table
NB-3217-1. examples of general thermal
stresses are:

(1) stress produced by an axial temperature
distribution in a cylindrical shell; .

(2) stress produced by the temperature
difference between a nozzle and the shell to
which it is attached;

(3) the equivalent linear stress3 produced by
the radial temperature distribution in a
cylindrical shell.

(b) Local thermal stress is associated with
almost complete suppression of the differential
expansion and thus produces no significant
distortion. Such stresses shall beconsidered only
from the fatigue standpoint and are therer fore
classified as local stresses in Table NB-32171. In
evaluating local thermal stresses the procedures
of NB-3227.6(b) shall be used. Examples of
local thermal stresses are: (1) the stress in a small
hot spat in a vessel wall; (2) the difference
between the actual stress and the equivalent
linear stress resulting from a radial temperature
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. NB-3213.14 Total Stxess. Total

NB-3213.13 ;B G H

IRE DIE—KE5 A0 £ 7 13T BERR S D&
VNZE VAL D HCEERIRIEDIS ST, #EE
DOFESTER PR EZ LIS b I 5 EIR
WITEIWZAEL Y B, FRICNEED DT
W2, B EIZEBENAET D54 FITNT
T, 2FEOBEICNNREHEIND. £
SIFLLTFo@Ey .

() #EE DI B3 2 2 REIR LTS
7. JE1ER & AR U2 Z OIS 103D
RRARBREE D 2 522 5 &, MM I
AcE Tl DIREY A 7 VITETE % 1Y
MERESL., LEN-T, ZOEHEHE
NB-3217-1 (28T 5 RIS E R
% . ERRHEREERS I OFIXLL Fo@Ey .

(1) Mf& > = v Oih 7 AR EE /3R L D
AT BT

(2 BEfi L TV D ) XLt v e LV DIRE
ZIZE VAT DI

() Mfai v = /L OB IR FE S ARIZ L 0
AU D EAMHRRIEIS /)

(b) IREDOMEMF L A LR, HER
BIEAE U2 WREIREIRN . ZDIGh
R OBENLDREF SN, F
NB-3217-1 \Z351F 5 i s s i
% JRE RS ) OFmIZ 1
NB-3227.6(b) O FIERH VB D . JEhi
RIS ST OFNILL T D@y .

(1) BEREED/INE 727y P ARy MTE
SRAYYA)

(2) EBEOIEH L HE Y 2 MBI B8
7R 342 X 2 AR I 71 & DE
(3) RS L VT IRIR SR DRI D 7 T
R IT B IR T

NB-3213.14 Total Stress (4> /J)

— W], ISR L O — 2 S0

. FISHOFGEMD Z 1%, Wl
SR A HESL T D T2 DI R TH 5.
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stress is the sum of the primary, secondary, and
peak stress contributions. Recognition of each of
the individual contributions is essential to
establishment of appropriate stress limitations.

NB~3213.15 Operational Cyele.

Operational cycle is defined as the initiation
and establishment of new conditions followed
by areturn to the conditions which prey vailed at
the beginning of the cycle. The types of
operating conditions which may occur are
further defined in NB-3113.

NB-3213.16 Stress Cycle.

NB-3213.15 BE1H1 7L

U9 HBEISED Z A 713 NB-3113 (2
EFIN TS,

NB-3213.16 i AH A4 2 )L

Stress cycle is ~a condition in which the
alternating stress difference BNB-3222.4(e)]
goes from an initial value through an algebraic
maximum value and an algebraic mininriurn
value and then returns to the initial value. A
single operational cycle may result in one or
more stress cycles. Dynamic effects shall also be
considered as stress cycles.

NB-3213.17 Fatigue Strength
Reduction Factor.

S TIDIIHME D, BB R, 13
Wi/ MEZ#2C, FIWMEICR 20R0E. B—
OBEIY A 7 WiT 1 DL EDis 1A 7 v
ZELD. BIIRGIC YA 7 v & B
hb.

NB-3213.17 IR FH B EBFRE

Fatigue strength reduction factor is a stress
intensification factor which accounts for the
effect of a local structural discontinuity (stress
concentration) on the fatigue strength. 'Values
for some specific cases, based on experiment,
are given in NB-3338 and NB-3339. In the
absence of experimental data, the theoretical
stress concentration factor may be used,

NB3213.18 Free End
Displacement.

P TR (%9 2 R R R E AN O
TER) ORAE T T 5 s KR
WL DOMDFFE DA OV TIE, FEBRIC
HoSx, Zoflns NB-3338 B LY
NB-3339 IC G2 b T W5, EBRTF—H 0
RV AITIE, BRI 7R S TRk &
WTH L.

NB-3213.18 B HIFZLE AL

Free end displacement consists of the relative
motions that would occur between a fixed
attachment and connected piping if the two
members were separated and perrnitt,ed to
move.

NB-3213.19 Expansion Stresses,

HHSGANE, [EE S oA & ik
SNTBREDRDEESN TR Y, BEIAEER
e AL 9 D O HER) TR S
%.

NB-3213.19 {##EIC &SN

Expansion stresses are those stresses resulting
from restraint of free end displacement of the
piping system.

Bl O H AN N R SN TV A EEES
WAL B0,

2A-7



NB-3213.20 Deformation.

Deformation of a component part is an
alteration of its shape or size.

NB-3213.21 Inelasticity.

Inelasticity is a general characteristic of
material behavior in which the material

NB-3213.22 Creep.

Creep is the special case of inelasticity that
relates to the stress-induced, time-dependent
deformation under load. Small time-dependent
deformations may occur after the removal of all
applied loads.

NB-3213.23 Plasticity.

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

NB-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.

NB-3213.25 Plastic Analysis -
Collapse Load.

A plastic analysis may be used to determine
the collapse load for a given combination of
loads on a given structure. The following
criterion 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 0 . A second straight line, hereafter called
the collapse limit line, is drawn through the
origin so that it makes an angle ¢ =tan-1 (2 tan

NB-3213.20 &

MRy DAETCATTCAR & D WITHEDZ
fETH 5.

NB-3213.21 Inelasticity (JEHiH)

TRTCOERAMELZIYBRWNTE, b
EDORRB I OSHEIZRS Z & D7
MEREEY O — Mk, Wkl 7 ) —7
IZFEHME DR R 7255 TH 5.

NB-3213.22 4 y—=

7 V=73, AEMATE T TEIENIS IR
FVE R O RMRAFYE 2 A4 % &0 5 FETHE
ZEORH e E TH D, RERHKAFED /)
ST, EEAMEORMRICAEL D
AL H 5.

NB-3213,23 "[#814 .

AIEBPEIT, R OREITKAFET. Tl
RORWENET D Ly D FEFHMEZEE) D
FerlDLETH 5.

NB-3213.24 SB{4fEHr

IRVERRAT & 13, MPBOBBIERRE, O3 2
Wik, S OFEEY ZEE LT, (EAME
FCOMEROREE ZFE T D LD Z L
Ths.

NB-3213.25 B4 fEHr — iR E
(Fv > ax—N\—f&H)

VEHMERRAT 1L, A IS5 2 AR E DM AL
DEICK YRR EEZRET S0 fb
NOGENRSHD. RREREOREIZEE LT
FROEMELFEHT L0 L35, fithhic
fiEZ, BHENCOTHE LS EMNE T vy
N U7 B — O T A S U< I3 frE -2
MR AR T 2. 2 b O fh#o SR E
FEIEG & 70 D AR &t & N e T AEE 0
ERES. WICHIDER E LT, Hithh e D7
T ¢ =tan-1 (2tan 0) THZ S5 EH
Z51< (BLF. ZOEMREAEERR T A

2A-8



0 ) 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 ensure that the strains or deflections that
are used are indicative of the load carrying
capacity of the structure.

NB-3213.26 Plastic Instability
Load.

The plastic instability 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,

NB-3213.27 Limit Analysis.

Limit analysis is a special case of plastic
analysis in which the material is assumed to be
ideally plastic (nonstrain-hardening). In limit
analysis, the equilibrium and flow
characteristics 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 statically admissible stress field, and the upper
bound approach, which is associated with a
kinematically admissible velocity field. For
beams and frames, the term mechanism is
commonly used in lieu of kinematically
admissible velocity field.

NB-3213.28 Limit Analysis -
Collapse Load.

The methods of limit analysis are used to
compute the maximum load that a structure
assumed to be made of ideally plastic material
can carry. At this load, which is termed the
collapse load, the deformations of the structure
increase without bound.

EWV D). RREETEIL., ffE— O AR
B L < I — AR & Z O FREERR A
AL EDRRTHEZONDWMETHD. =
DIFEERWD A, FEEORRAME &
LT, HHT20TAHE L IIEALDRAE
TEDLHDOMNE I DPERICEET 5 %N
H5b.

NB-3213.26 ¥R RERME

FIZHIEN S L ITEM /I TR END
ERAA DYEME R L ERT BN, fhf EE OB N L
THEEROBEHELETENE L DR E L CER
ENb. BIEEDOMMERLZERETIZ, M
BHR O EJS DA O Al & v < Bk 3
7.

NB-3213.27 B fZ4T

FRFFENT X, BEED 5228 (09 AfiF
{b72 L) TH D EAE S T IBIERRAT O %
BIZRGEDZ & THDH. RAFEITIZB W
T, [RFERAE D Ay & FEER O SFME I3 AR B AT
HEHET O EIND. RAMT
IZBWT, BRAE RO 5 >0 AR,
SRR SN DIG IO FTRE RO 507
Bl EEBFRICHFRINDEED EIRA
RO HETHS. 130 L BHAOHER
I, EEIEIICHT AR SNAEEDR DY L
LT RICERAEND.

NB-3213.28 BB fig#r — HiRr &

PRAEATIEIE, SERIBIEREL & E ST
TS DMBEHR D IR RO R ZFHHT 5
I SN D, REME LIS Z
DFFETIX, WEDLETE MR L THN
T5.

NB-3213.29 HRIRFFTE— TR

5z bNTREICBWT, L. FOE
SCTHYME 2= L. O EDED THH
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NB-3213.29 Collapse Load - Lower
Bound.

If, for a given load, any system of stresses can
be found which everywhere satisfies
equilibrium, 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
bound to the collapse load.

NB-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.

NB-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.

NB-3213.32 Test Collapse Load.

Test collapse load is the collapse load
determined by tests according to the criteria

given in II -1430.

NB-3213.33 Ratcheting.

Ratcheting is a progressive incremental
inelastic deformation or strain which can occur
in a component that is subjected to variations of
mechanical stress, thermal stress, or both.

NB-3213.34 Shakedown.

Shakedown of a structure occurs if, after a few
cycles of load application, ratcheting ceases. The
subsequent structural response is elastic, or
elastic-plastic, and progressive incremental
inelastic deformation is absent. Elastic
shakedown is the case in which the subsequent
response is elastic.

R 2 s U722V ISR 2 RO 5 2
ENTEGE. TOMEITHAEMNE &%
LW, ZRLLFTH D, ZIUIHREERE
D FIROFHR 27 R4 O FIREE T
H5.

NB-3213.30 ¥tk > o

HMEE IR, FRAEAT T 5 B
fbENT-HETHD. b L ITEHAE
FINZBWTEME > 1F, E— A b,
AW, S EERE ST S
RA LV P THEREND. ERERCHE R
FlCBWTEME %, RSN
WHWNIZ AT HE ZATERSINAS.

NB-3213.31 O HBRREE

OTHRICRAD D 256, RADOT 2
G2 HHEIT, OF AR E & TN
%.

NB-3213.32 FRiRf EHER

RAEEfFERE 1L, I -1430 O EEUE|C 1 A 3B
Ko THIEI N2 T IUE R B 720,

NB-3213.33 i EE)

NZHPSTIRBIEIE S L <AXZ D7
DRI KD | FEFMER) THIE R 2 BT
OFHBGIERISND.

NB-3213.34 &z —H 45y

AT RIS LAY A ZOViEEO%,
EIvz— 7 XA L, WiE X
BEi1kT 5. ZO%OEEOKG T, Bt
U< XM S O o FEHPEN) THTEE Y 72 28
AT Z 7, Ry = — 7 X
X, FOHDOKIGHHEMER 25/ Z 5
HLDOTHD.

NB-3213.35 FEXBDEIMFIE

EFARFZEOEHMME (X NB-3213-1) &
1L, EEE D TR R LAER T AR E T

2A-10



NB-3213.35 Reversing Dynamic
Loads.

Reversing dynamic loads (Fig. NB-3213-1)
are those loads which cycle about a mean value
and include building filtered loads, earthquake,
and the reflected waves in a piping system due to
flow transients resulting from sudden opening or
closure of valves.

NB-3213.36 Nonreversing
Dynamic Loads.

Nonreversing dynamic loads (Fig.
NB-3213-1) are those loads which do not cycle
about a mean value and include the initial thrust
force due to sudden opening or closure of valves
and waterhammer resulting from entrapped
water in two-phase flow systems.

NBe3214 Stress Analysis

A detailed stress analysis of all major
structural components shall be prepared in
sufficient detail to show that each of the stress
limitations of NB-3220 and NB-3230 is satisfied
when the component is subjected to the loadings
of NB-3110. As an aid to the evaluation of these
stresses, formulas and methods for the solution
of certain recurring problems have been placed
in Appendix A.

NB-3215 Derivation of Stress Intensities

One requirement for the acceptability of a
design (NB-3210) is that the calculated stress
intensities shall not exceed specified 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 (a)
through (e) below.

(a) At the point on the component which is
being investigated, choose an orthogonal set of

Hy, HESCANLTORMAICL - Tl &
ZENDMNDEIL IR X DA TN
D I 55 2 G de.

Time

{a) Nonreversing Dynamic Load
{Relief/Safety Valve Open End Discharge)

Mean load

Load

Time

{b) Reversing Dynamic Load .
(Earthquake Load Cycling About Normal Operating Condition)

© Load

Time

{e} Nonreversing Followed By Reversing
{Initial Watar Slug Followed By Reflocted Pressure Pulsas)

FIG. NB-3213-1 EXAMPLES OF REVERSING AND NONREVERSING DYNAMIC LOADS

NB-3213.36 JFEEEREBEFDEHMFEE

FEEARZFZFOEWE (X NB-3213-1)
EX, PHMEE Y TR IR LIER T S E
THY ., VT BAARFD KA D I3 0 72 E
FHSOKBC L D IREMER 2 & te.

NB+3214 i h R HT

F AT O FAEIE TR O FER RS S fEAT
L. NB-3110 |Z/R SN D MEEZ T %6
(2. NB-3220 3 X 1Y NB-3230 D)t SIBRA
N[ YRy AV TN 0 N B . Y R o3 o Nk 2
AT 2T NIER B0, Zhb Dk
F1 DFAf 5 S R E D R 7 15 3 M ik A
I RSINTWND.
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coordinates, such as tangential, longitudinal, and
radial, and designate them by the subscripts t, I,
and r. The stress components in these directions
are then designated o t, o I, and o r for direct

stresses and t tt, < Ir, and = rt for shear stresses.

(b) 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 .

(1) general primary membrane stress Pm
(NB-3213.8);

(2) local primary membrane stress PL
(NB-3213.10);

(3) primary bending stress Pb (NB-3213.7 and
NB-3213.8);

(4) expansion stress Pe (NB-3213.19);
(5) secondary stress Q (NB-3213.9);

(6) peak stress F (NB-3213.1 1). NB-3217
provides guidance for this step.

(c) For each category, calculate the algebraic
sum, of the olt Values which result from the
different types of loadings and similarly for the
other five stress components. Certain
combinations of the categories must also be
considered.

(d) Translate the stress components for the t, I,
and r directions into principal stresses al , a2, and
073+ In many pressure component calculations,
thet, I, and r directions may be so chosen that the
shear stress components are zero and (rl, 072,
and (~3 are identical to crt, (rl, and cr..

(e) Calculate the stress differences S12, S23,
and S31 from the relations:

S12=01-02
S23=02-03
S31=03-01

The stress intensity S is the largest absolute
value of S12, S23, and S31'

NOTE: Membrane stress intensity is derived
from the stress components averaged across the
thickness of the section. The averaging shall be

NB-3215 s N EDEHHiBTE

F%EF (NB-3210) 12811 5 1 2O FER L
R ESNTISTIENRE SN FARA %
HEL72WNWHDETHENW)ZETHD.
B ORI, D538 (1RSI,
W72 &) ITRAF L2 5. RIETIX
FRE ST BRIUCHE 2 I 1 E DO ETIRIC
DWW T 5.

FHEAT Y T EZLITD (a) ~ (e) 1T

(@) T, BEREERICBWT, fElh
CINE T pAEIN /f#?ﬁﬁ%?ﬁ‘%%ﬁ?t\ I
BIOr TR RIZINS 3 HHOENE
N%& ot, ol or, TAWIL % < tt,
tlr, ort, TR

(b) TN FNORES — 2 DL ICEE S
TS, UFIORTOREDOISAE L L
THESNG.

(1) 1 R—#EIELS /3 Pm (NB-3213.8);
(2) 1 WJFEBES ) PL (NB-3213.10);

(3) 1 T /) Pb (NB-3213.7 and
NB-3213.8);

(4) $EERS 77 Pe (NB-3213.19);
(5) 2 Wt )1 Q (NB-3213.9);
(6) ' — 7 Jii /1 F (NB-3213.1 1).

NB-3217 X L RO AT v 7D H A RL T
W5,

© &HT Y —ICBNT, WEIFr—2 2
L OREEN T EIS ) ot OfEHRE L, i
DF DI 5 BTN T b [RIERI
r—ADMEFHETS.

(d) 3 FFIHDEIN I XL AWIE 15
TS 0l, 02, o3MNFHEINS. £<
DJE IR ORERCGM OFHE I, AW
IR0 L7 Kozt I BEWr D
ERETHDT, ol=ot, 02=0l,
03=or 5.

(e) L FoRUT/R IR )7 S12, S23, S31
EHETS.
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performed at the component level in (b) or (¢)
above.

4 see Tables NB-3217-1 and NB-3217-2 and
Note (2) of Fig. NB-3221-1.

NB-3216 Derivation of Stress
Differences

S12=01-02
S23=02-03
S31=03-01

/1 S, S12, S23. S31 OEH K=
VWMETH S.

NB-3216 & hZEDFHEIBIE

If the specified operation of the component
does not meet the conditions of NB-3222,4(d),
the ability of the component to withstand the
specified cyclic service without fatigue failure
shall be determined as provided in
NB-3222.4(e). The determination shall be made
on the basis of the stresses at a point of the
component, and the allowable stress cycles shall
be adequate for the specified service at every
Point. Only the stress differences due to cyclic
service loadings as specified in the Design
Specification need be considered.

NB-3216.1 Constant Principal
Stress Direction.

HERCGHA D REE O#AEDS NB-3222.4(b) D
RRETRWGAIIE, EHEL L - &7
(A RF O 0 K LA EICHRBL T X DK
AT DBE J11E NB-3222.4(e) D 5:fth T E &
N SR, ZOPREIL, R
MO HDENDIEINTIHESL O TRITH
L7263, RSN A 7 v, W
THOEA T HHEHBMENIC b DT
TR e, BEGEHERRICB W THE
ENDHHY IR UMEICL DI ZEDOLEE
BT H2MENDD.

NB-3216.1 RZEDXIEHAEF

For any case in which the directions of the
principal stresses at the point being considered
do not change during the cycle, the steps
stipulated in (a) through (c) below shall be taken
to determine the alternating stress intensity.

(a) Principal Stresses. Consider the values of
the three principal stresses at the point versus
time for the complete stress cycle taking into
account both the gross and local structural
discontinuities and the thermal effects which
vary during the cycle. These are designated as
crl, a2, and 073 for later identification.

(b) Stress Differences. Determine the stress
differences S12=al-(r2, S23 = a2-cF3,
andS31=0F3-(T1 versus time for the complete
cycle. In what follows, the symbol S,j rs used to
represent any one of these three stress
differences.

(c) Alternating Stress Intensity. Determine the
extremes of the range through which each stress
difference S*j fluctuates and find the absolute
magnitude of this range for each Sij' Call this

& D EALIZ BT D EIS ST DN IS 1A
7 NVNTEILRWEEIZIE, AT O (a)
~ () IR T HDIS I JE Z R ET 2D B
Wb,

(@) T - AR U < XRER 2 tE
EREF ORERRISEN A TV ERD D
e, A I AOIREREZRD BT
DIV, BEIZx 32 3 o ES Ol
PRI AHVERH L. X, B
i s &b T D ol 02, o3 M[FH
—7RbDTHLIVOMRTED.

(b) )22 SERIRISIYA 7 iz
L RFE ORI KT DI )7 (S12= 01
-02, S23=02-03, S31=03-01) %K
HDOLMENDD. T70bb, SijldZins 3
ODISNZD ENNTHSH.

(€) ZHDISIE : TNENDIGSI7ED
R T 2 ORZRET D & &I,
ZOHBEOKREZIERDOTHIVLENDD.
ZhE Srij LW, Saltij =05 Srij TH- 2 5
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magnitude S*ij and let Salt ,j = 0.5S.,j' The
alternating stress intensity Salt is the largest S*h
lj value,

NB+3216.2 Varying Principal
Stress Direction.

N5, ZHISHE Salt 1% Salt ij D KA &
D,

NB«3216.2 £t T B EIHEM

For any case in which the directions of the
principal stresses at the point being considered
do change during the stress cycle, it is necessary
to use the more general procedure of (a) through
(e) below.

(a) Consider the values of the six stress
components olt, oll, ol*, lilt, Ttr, and T,t versus
time for the complete stress cycle, taking into
account both the gross and local structural
discontinuities and the thermal effects which
vary during the cycle.

(b) Choose a point in time when the conditions
are one of the extremes for the cycle (either
maximum or minimum, algebraically) and
identify the stress components at this time by the
subscript i. In most cases it will be possible to
choose at least one time during the cycle when
the conditions are known to be extreme. In some
cases it may be necessary to try different points
in time to find the one which results in the largest
value of alternating stress intensity.

(c) Subtract each of the six stress components
(rti, (TN, etc., from: the corresponding stress
components olt , oll, etc., at each point in time
during cycle and call trie resulting components
oft, (r 1, etc.

(d) At each point in time during the cycle,
calculate the principal stresses o0!1, 0/2, and 0!3
derived from the six stress components o!t, (r I,
etc. Note that the directions of the principal
stresses may change during the cycle but each
principal stress retains its identity as it rotates.

(e) Determine the stress differences S'I2= (T
1~a2,S'23=(r2-(T 3,and S'31 =cr 3-If | versus
time for the complete cycle and find the largest
absolute magnitude of any stress difference at
any time. The alternating stress intensity Salt is
one-half of this magnitude.

1A 7 VT D EED i 15 A
NEALT BEEICBWTIE, LLFO (a) ~
@) IR TETOWMBREITOLERHS.

(@) 2R L < IR 7e i i A for
PRI BB O e PIZEALT DIRES R %
BREIZANT, 1ISSYA 7 skt LTl
DI 6 %7 (ot, ol, or, titt,
tlr, o)) DEZRODLILERHH.

(b) 1 7 v OfRIRE (RRd L<IE
&N B ZDRED, ik 5H
HENI RS E &I, ORISR
DOMEEERT DML ERD D, %< O
G 1A 7R ThR ED 1R,
FROARKE & 72 D IF 28 ET D Z & M AlRE
ThHA A, BEIZL-oTiL, ZHESSIEN
MR ERDIRIEE ROTH72DIC, B s
LA EE LETLEND S.

(€) & DERLLITIST D DIEIG 1 H &
O AW ST D 6 Bl O S K 11T
B2 EISEB X OEAWIS IO 6 /sy D
EESIZHL, TNOHD6DE o'ty ol

etc & FES5S.

(d)(c) TRz o'ty o'letc 23D & D FEH
DERDEIRT 6'l, 02, 63 %RD5B.
INDDOFEISEIYA 7 VN TEIT S0
H LW, fEERLCR— 725 LI
HMETS.

(e) 1 ¥ A 7 it LTl D Ei )
7 (S12=0'1-0"2, S23=0"2-0'3, S31
=0'3-0'l1) ZHEHL., I[S1ZEDRKKEE
KDDL, ZOERKOEDN53 328 H IS E
Salt £ 72 %.
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NB-3217 Classification of Stresses

Tables NB-3217-1 and NB-3217-2 provide
assistance in the determination of the category to
which a stress should be assigned.

NB-3222.4 Analysis for Cyclic
Operation

NB3222.4 #&Y R LEERITxT B
R4

(a) Suitability for Cyclic Condition. The
suitability of a component for specified service
loadings involving cyclic application of loads
and thermal conditions shall be determined by
the methods described herein, except that the
suitability of high strength bolts shall be
determined by the methods of NB-3232.3(b) and
the possibility of thermal stress ratchet shall be
investigated in accordance with NB-3222.5. If
the specified Service Loadings of the component
meet all of the conditions of (d) below, no
analysis for cyclic service is required, and it may
be assumed that the limits on peak stress
intensities as

governed by fatigue have been satisfied by
compliance with the applicable requirements for
material, design, fabrication, examination, and
testing of this Subsection. If the Service
Loadings do not meet all the conditions of

(b)Peak Stress Intensity. This stress intensity
is derived from the highest value at any point
across the thickness of a section of the
combination of all primary, secondary, and peak
stresses produced by specified service pressures
and other mechanical loads, and by general and
local thermal effects associated with normal
service conditions, and including the effects of
gross and local structural discontinuities.

(c) Conditions and Procedures.

The conditions and intensity amplitude is
calculated on the assumption of procedures of
NB-3222.4 are based on a comparison of elastic
behavior and, hence, has the dimensions of
stress, peak stresses with strain cycling fatigue
data. The strain but it does not represent a real
stress when the elastic cycling fatigue data are
represented by design fatigue range is exceeded.

(a) # VR LR~ DNEE

i EIRESRIE O K L 2 B THRED
LR RIS 25 OmE A EE, mRE
RV N O AMEN NB-3232.3(b) (2 L k&
S, RS T 0B HER) L H O RTHEMED
NB-3222.5 THRE SN LA ERE, 2
ICRRR &N D FETIRETDHZ L. B L,
W DO T DIRE SN ENLLT O (d)
DETORMIZAET 2HE 1TV K Uy
BB T AT II LB 72V, & LTSI
X VkFE D =750 BRI, Zo
HTv s v a s TOME, B&E, RE, R
BRAR AT O3 Skt 2 5F 2 i PH Tl S
5. b LA ED (d) O TOSRMEICE
B LZ2WEE, TRt (e) IT6E 2 I iR,
ST ERER S I -1500 (296> TEM S
TR B0,

(b) &°— 2 5Ty

INAL: A RN o [ et~ D)
RTCO, BHEOOMHAEMEICEDL S, HE
SNTHEHE S, oA E, SRR
B D WTRPTHRE S FRIZ L 52T 1
W, 2k, =75 T1OMBEDEDRK
BEhbROBEND.

(c) ZkfF, FIA

NB-3222.3 O 5 & FINAIX O Afdt 0 3K
LOEHT—X L B— 75 L Ol &
SLHEDTHD. OT A K LIEHT —
131 -9.0. OFXFHIE F IR AR I L - T
FEND., NSO, I LR
WZxF LT ey b ST S ) TR EE R Sy
(KA 2 S F75R BE R PH D -4y) DOFFAAHE Sa
HZ2 5. Z OG5 IXHMEEE O E
DFICEHBEENT-LDOTHY, E-T, IS
FIOWTT dimension Z & -0A3, ML A
2T CIZEBEDIG N 2R L WD b
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The fatigue curves are obtained from strength
curves of Figs. 1-9.0. These curves show the
uniaxial strain cycling data in which the imposed
strains allowable amplitude S, of the alternating
Stress intensity have been multiplied by the
elastic modulus and a design component
(one-half of the altelnating Stress intensity
margin has been provided so as to make the
calculated range) plotted against the number of
cycles. This stress stress intensity amplitude and
the allowable stress intensity amplitude directly
~om-~arable.~ Where necessary, the curves have
been adjusted to include the maximum effects of
mean stress, which is the condition where the
stress fluctuates about a mean value that is
different from zero. As a consequence of this
procedure, it is essential that the requirements of
NB-3222.2 be satisfied at all times with transient
stresses included, and that the calculated value of
the alternating stress intensity be proportional to
the actual strain amplitude. To evaluate the effect
of alternating stresses of varying amplitudes, a
linear damage relation is assumed in (e)(4)
below.

(d) Components Not Requiring Analysis for
Cyclic Service. An analysis for cyclic service is
not required, and it may be assumed that the
limits on peak stress intensities as governed by
fatigue have been satisfied for a component by
compliance with the applicable requirements for
material, design, fabrication, examination, and
testing of this Subsection, provided the specified
Service ~o0adin~~ of the component or
portion thereof meets all the conditions
stipulated in (1) through (6) below.

(1) Atmospheric to Service Pressure Cycle.
The specified number of times (including startup
and shutdown) that the pressure will be cycled
from atmospheric pressure to service pressure
and back to atmospheric pressure during normal
service does not exceed the number of cycles on
the applicable fatigue curve of Figs. 1-9.0
corresponding to an S, value of three times the S,
value for the material at service temperature.

(2) Normal Service Pressure Fluctuation. The
specified

TiEAwV. ST HRRIIE T O A 0k Y
WLT—2nbE60, £ZTEf5sh
DO AT HERES S, et~y —T v
NEENTVWDHDOT, HEINGZIS 5
EDORE S EFHFRICTIRE DR E SITEHE
b9 5 Z E kRS, MEREAEITE,
9% 57 Fh BRI TR ) DR = e KIS L
Ty 7 FERNTW5A. NB3222.2 OELRIT
BRI E2GD TR ILIBEAETHHES
AU, BHE SIS ) RE DR E IR
BEOOT BME & L35 & LI FARSLMET
bD. KX IOEET 55 O R%
A B 72 021 (e)(4) DRVEIRIE IR &
RETS.

(d) 0 i LEEH O L TRt 28 A B 70
iy z)

H L, FFE DS 57~ D R D fif
EA, LT Q) ~ (6) OFMIZAEET L,
OV TR g TO, B, &EF B
1E, BRI O S A BT 2k I
DONWTIIRFIC LV IRESN D E— 7 5T
BREE I E SN TWA EREL TV, #
DR AER DT DEMTIIARETH 5.

(1) REED DR EININE, BES
no%5a

W O HRFT, WREhD D5 125 #,
JENMKRGENOHEHET), L TEREK
KIE~RE D HE S 7=B%iE Fig T -9.0 12
IR GHR CTEH 2 N5, B OERE
FEIZEBITD Sm D 3fF L 725 SalZxbind
DY A TN EBZ IR,

(2) 18 O ES OZEE ) 13 XikEHE
71X (SalSm) ZilE R 72WGE.

Sa B ERENEE OB EEEIK LT :
SREE I R (1 -9.0) 1LV ELNAE
JI58 . Sm: £ FIEE COMEIOFFEES
. b L, ARRENEEBORBIKL
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BAEMEHAL LY. FERENES L X
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full range of pressure fluctuations during
normal service does not exceed the quantity /3 x
Design Pressure X (SJS,,), where S, is the value
obtained from the applicable design fatigue
curve for the total specified number of
significant pressure fluctuations and S , is the
allowable stress intensity for the material at
service temperature. If the total specified
number of significant pressure fluctuations
exceeds the maximum number of cycles defined
on the applicable design fatigue curve, the S,
value corresi ponding to the maximum number
of cycles defined on the curve may be used.
Significant pressure fluctuations are those for
which the total excursion exceeds the quantity:
Design Pressure X 1/3 X (S/S,J where S is
defined as follows.

(a) If the total specified number of service
cycles is 10" cycles or less, S is the value of S,
obtained fromthe applicable design fatigue
curve for 106 cycles.

(b) If the total specified number of service
cycles exceeds lo6 cycles, S is the value of S,
obtained fromthe applicable design fatigue
curve for the maximum number of cycles
defined on the curve.

(3) Temperature Dzxerence - Startup and
Shutdown. The temperature difference, OF ("C),
between any wo adjacent points8 of the
component during normal service does not
exceed S,12Ea, where S, is the value obtained
from the applicable design fatigue curves for the
specified number of startupshutdown cycles, a is
the value of the instantaneous coefficient of
thermal expansion and E at the mean value of the
temperatures at the two points as given by
Section 11, Part D, Subpart 2, Tables TE and
TM.

(4) Temperature Difference - Normal ~ewic
e.~

The temperature difference, OF ("C), between
any two adjacent points8 does not changel’
during normal service by more than the quantity
S,12Ea, where S, is the value obtained from the
applicable design fatigue curve of Figs. 1-9.0 for

(@) TEHWA 7 VEHA 108 LT, Six
W AT RE 72 3R 2 7 MR o> 108 B2kt %
SaDIETH 5.

(b) & UHEH#E Y K LIRS 10 [A] % 48
ZH5AICITEA LR cEES LT
DI R IR US4 5 Sa & LTl

(3) iR (EEsB AR, (F1EE)

BitEd 2 (BEOERITERE) 2.8
W OIREFEN Sal(2E o) B 2 72V A
{8 L Sa I3 F U 7= 5% 5+ 57 #h R C &R
—fE IR L TCREDETHD.

(4) IBEZE (R @ ALk, SalXPEE/RIE
FEFEDEB OB RIEN RT3 D RREHE T
HhdR L v RkE DME, BEEZOEHET, L
2L UV SIREQ) BBA DYGEICHE &
Ricxsid., ST FIZICHESND.

(@) TEHWA 7 VEEA 108 BLF, Six
W R AT RE 72 2R 2 7 di R o> 108 [E1lz %t B
SaDIETH 5.

(b) & LAY K LIRS 10 [5] % #
ZABAICITER LR TER S TW
BRI IR UKo xd 5 Sa & LTl
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TABLE NB-3217-1
CLASSIFICATION OF STRESS INTENSITY IN VESS

ELS FOR SOME TYPICAL CASES

Wessel Part Location | Origin of Stress Type of Stress Classiication
Cyilndrical or spheri- Shell plate remote Internal pressure General membrane P
cal shell from discontinuities Gradlent through plase
thickness i
Axial thermal gradient Kernbrans g
Bending bl
Jdunction with head [nternal pressure Membrane Py
or flange Bending G Motz 1122
Any shell ar head Any sécklon across Extemal load or General membrane aver-
antire vessel moment, or inbernal aped across full saction P
Dressure
External load or Bending across full section
miament P
Near nozzle or External load or Local membrane =N
athar op=ning moment, or internal Bending g
pressupe Peak (fillet or corner} ia
Any location Temperature differsnce Mambrana o
between shell and Bending g
head
Dished head or conl- Crown Internal pressure Membrang P
cal head Bending Py
Knuckle ar junction Internal pressure Merrbrane Py [Mote (23]
to shell Eending i)
Flat head Cemler region Internal pressure Memhrane P
Eending Fi
Junction to shell Internal pressure Membrane P
Bending @ [Nete (1]
Perforated hesd or Typical ligament In Pressure Memibrane {averaged P
shall A uniform pat- through cross section)
tern Bending (averagad through
width of ligament, but Py
gradiant through platal
Peak F
Isolated or atyalcal Pracsisre Membrane L]
ligamant Bending F
N Peak F
MNozzle Within the Jimits of Frassure and external General mambrans =
(NE-3227.5) reinforcement loads and moments, Bending (other than gross
defined by including those attrib- structuzal discontinuity =
ME-3334 utanle to restrained stresses) averaoed

free end displace-
menis of attached
piping

through nozzle thickness
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TABLE NB-3217-1
CLASSIFICATION OF STRESS INTEMSITY IN VESSELS FOR S0ME TYPICAL CASES (CONT'D)

Vessel Part Lozation Origin of Stress Type of Stress Classification
Nozzle Dutsiae the limits Pressure and external General membrane stresses Pa
(MEB-3227.5) of relnforce- axlal, shear, and top-
ment defined by sional loads other than
MEB-3334 those attributable Lo
restrained free end dis-
macements of
attached piping
Pressure and extzrnal iembrans P
Inads and moments Bending Py
other than those attrib-
utable to restrainad
free end displacements
of attached piping
Preszure and all exteraal M embrane £,
lnads and mements Bending g
Peak F
Mozzle wall Gross structural Local membrans Py
discontinuities Bending 9
Peak F
Differential Membrane g
expansion Bending g
Peak F
Cladding Ly Differential expansion Membrans F
Bending fa
By Py Radial temaerature distri- Equivalert linear stress g
tution CRete (3] Chote (413
Wonlinear portion of stress F
distribution
Ay Aoy Ay Etress concentration F
{notch effect)

GEMERAL NOTE: & and Fclassification of stresses refers Lo other than design condition (Flg. MB-3222-1),

NOTES:

{1} If the bending moment at the edge is required to maintain the bending stress in the middle to acceptable limits, the edge bending Is classified
& Py Othersise, (L is classified as oL

{2} Consideration shall also be given to the possibility of wrinkling and excessive defarmation in vessels with a large diameter-thickness ratia,

(3) Consider possiblltty of thermal stress ratchet.

{4) Equivalent linear stress if defined as the linear stress distribution which has the same net bending moment as the actual stress distribition.
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the total specified number of significant
temperature difference fluctuations. A
temperature difference fluctuation shall be
considered to be significant if its total algebraic
range exceeds the quantity S/2Ea, where S is
defined as follows.

(a) If the total specified number of service
cycles is 106 cycles or less, S is the value of S,
obtained from the applicable design fatigue
curve for 106 cycles.

(b) If the total specified number of service
cycles exceeds lo6 cycles, S is the value of S,
obtained from the applicable design fatigue
curve for the maximum number of cycles defined
on the curve. ,

(5) Temperature Dzxerence - Dissimilar
Materials.

For components fabricated from materials of
differing

moduli of elasticity or coefficients of thermal
expansion, the total algebraic range of
temperature fluctuation, OF (OC), experienced
by the component during normal service does not
exceed the magnitude Sal2(Elal - Ezaz), where
Sa is the value obtained from the applicable
design fatigue curve for the total specified
number of significant temperature fluctuations,
El and E2 are the moduli of elasticity, and al and
a2 are the values of the instantaneous coefficients
of thermal expansion at the mean temperature
value involved for the two materials of
construction given in Section 11, Part D, Subpart
2, Tables TE and TM. A temperature fluctuation
shall be considered to be significant if its total
excursion exceeds the quantity S/2(Elal-E2a2),
where S is defined as follows.

(a) If the total specified number of service
cycles is 106 cycles or less, S is the value of Sa
obtained from the applicable design fatigue
curve for 106 cycles.

(b) If the total specified number of service
cycles exceeds 106 cycles, S is the value of Sa
obtained from the applicable design fatigue
curve for the maximum number of cycles defined
on the curve. If the two materials used have
different applicable design fatigue curves, the

(6) IREEE (B2 58K

BPEARER, IRFERZIR R DRI D500 6
BWES NS BV TIE, EA 288
HRIRFIZ 32 1T D IR A B ORI atpe, &
X, Sa2(Elal-E2a2) OREIEEx
PN T D 2T, SaldimEfH L7k
FHE ST AR L 0 SR E D IREZEOZBI KT
HET, ELE2IZV 7%, al,a2ld®D
VR BEIZ 35T 5 2 DO B O YRR
T Section I  subpart2 @3 TE, TM (Z5-
265, BEZILL LT Ok 8)
N SI2(Elal-E2a2) 22 5881013 EE
EThHEWVWZD. SIFUTICERSN
5. (Fik, &0E)

(6) MR 72 ff .« [EDIXPRE, A 7D
SINTE ORUE S AT H k) 107 B2 O 2 IR IE
%, FOHEPAN Sa ZH 2 D K D 2 Eik
INTIFRER L L TR B0,

(&) A7V v 7 e EmITKIT DR T
&

=

H L (d) ODHEITEE L2 WIGEITRE
DOFER D K UFEICKT L CRSIES 5 = &
2RISR D DEENIZ Z CHEESND T
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lower value of Sa shall be used in applying the
rules of this paragraph.

(6)Mechanical Loads. ( FHAO7 & )

The specified full range of mechanical loads,
excluding pressure but including pipe reactions,
does not result in load stresses whose range
exceeds the Sa value obtained from the
applicable design fatigue curve of Figs. 1-9.0 for
the total specified number of significant load
fluctuations. If the total specified number of
significant load fluctuations exceeds the
maximum number of cycles defined on the
applicable design fatigue curve, the Sa value
corresponding to the maximum number of
cycles defined on the curve may be used. A load
fluctuation shall be considered to be significant
if the total excursion of load stress exceeds the
quantity S, where S is defined as follows.

(a) If the total specified number of service
cycles is 106 cycles or less, S is the value of S,
obtained from the applicable design fatigue
curve for 106 cycles.

(b) If the total specified number of service
cycles exceeds lo6 cycles, S is the value of S,
obtained from the applicable design fatigue
curve for the maximum number of cycles
defined on the curve.

(e) Procedure for Analysis for Cyclic Loading.

If the specified Service Loadings for the
component do not meet the conditions of
NB-3222.4(d), the ability of the component to
withstand the specified cyclic service without
fatigue failure shall be determined as provided in
this subsubparagraph. The determination shall
be made on the basis of the stresses at a point,
and the allowable stress cycles shall be adequate
for the specified Service Loadings at every
point. Only the stress differences due to service
cycles as specified in the Design Specifications
need be considered. Compliance with these
requirements means only that the component is
suitable from the standpoint of possible fatigue
failure; complete suitability for the specified
Service Loadings is also dependent on meeting
the general stress limits of NB-3222 and any
applicable special stress limits of NB-3227.

ETHIESNRL TIRBRV., IEIXZ
DNEEDIS 2 FERE LTREND. IR
S IA 7 VEIIHRE S 7= 42T O AT
K L CHEIE TR E R b, &3
FUETHE SN B FERIC K DI 2=
T%%ﬁa‘h LW, ZHBDOREICHE D
ZlUE, ER DN AR OB DY) T
»H5 9:71 FTWZ D, HE ST E iR faf B~
D5ELEREATE Y F 72 NB3222 O —#ZHII
THIR &, Rk 72 I DORATH
NB-3227 129 5 .

(1) it~ 125 )

It~ /) & Alternating Stress Intensity Sa %
NB3216 (Z L W IRET %.

(2) R AT S R et

PREMRY, FEERAY, LRy, H 2D WITEUE
FEATIZ L 0 IRE S 3D s DEE RS A
TRHET 5. FEEBRIICIE I3 DI 5 i
IKIBURE % 11-1600 O FNEICHE > THE L
‘(%)J:l/\. 1EL, I9.4O)an+V73EH3ﬁ%FH
WA AT, NB3232.3(c) D4t % 3 4
LEENEAERL MERL . BERko X
ff, NB3680 (ZHIET 5 /A TR & B
T, 5@ DRI AV
AN

(3) FXFHIE 75 AR

X 1 -9.0 [ZEXEHE T RS D, 78
FEIX=IRI ﬁbf@%@f,-%@ﬁﬂ%
Brx 10 ~ 108 Ik L CEFES LTS

(4) FPEARER DR Sd

FRIEAREL D L 2R ST TR IR TH 2 b
% Salt IZfREE R LS.

(5) RFEHEMS « LUT Stepl ~ Step6 TaFAfh
T4, (@FEOREETBRELFRLC, L5
X FREE T %)

Stepl1,2,3,.,n DX A T DIEIT#E D K LA
n1,n2,n3,--,nn [Fl#E VIR =N D &F5.

Step2 )i JJ#k Y I LIZ Saltl, Saltn 232>
nAHET A, Salt 1 NB3216.1 X%
NB3216.
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(1) Stress Differences. For each condition of
normal service, determine the stress differences
and the alternating stress intensity Sa in
accordance with NB-3216.

(2) Local Structural Discontinuities. These
effects shall be evaluated for all conditions using
stress concentration factors determined from
theoretical, experimental, or photoelastic
studies, or numerical stress analysis techniques.
Experimentally determined fatigue strength
reduction factors may be used when determined
in accordance with the procedures of 11-1600,
except for high strength alloy steel bolting for
which the requirements of NB-3232.3(c) shall
apply when using the design fatigue curve of Fig.
1-9.4. Except for the case of crack-like defects
and specified piping geometries for which
specific values are given in NB-3680, no fatigue
strength reduction factor greater than five need
be used.

(3) Design Fatigue Curves. Figures 1-9.0
contain the applicable fatigue design curves for
the materials permitted by this Subsection. When
more than one curve is presented for a given
material, the applicability of each is identified.
Where curves for various strength levels of a
material are given, linear interpolation may be
used for intermediate strength levels of these
materials. The strength level is the specified
minimum room temperature value. The design
fatigue curves of Figs. 1-9.0 are defined over a
cyclic range of 10 to o6 cycles, except that for
austenitic steels, nickel-chromium-iron alloys,
and nickel-iron-chromium alloys,
nickel-chromium-molybdenum- iron alloys, and
nickel-copper alloys, the design fatigue curve is
extended to 10" cycles in Figs. 1-9.2.2 and 1-95
Criteria for the use of the latter curve are given in
Fig. 1-9.2.2 and are also presented graphically by
the flow chart given in Fig. 1-9.2.3.

(4) Effect ofElastic Modulus. Multiply Sd, (as
determinedin NB-3216.1 or NB-3216.2) by the
ratio of the modulus of elasticity given on the
design fatigue curve to the value of the modulus
of elasticity used in the analysis. Enter the
applicable design fatigue curve of

Figs. 1-9.0 at this value on the ordinate axis
and find the

Step3 4% Salt (Zxf 9 D AR K LE %
N1,---Nn &3 5.

Step4  U1=nl1/N1,---.,

Step5 SRFEMEEE U=U1+U2+U3 + -
+Un

Step6 U 725 1.0 X722 &




corresponding number of cycles on the
abscissa. If the

service cycle being considered is the only one
which

produces significant fluctuating stresses, this
is the allowable

number of cycles.

(5) Cumulative Damage. If there are two or
more

types of stress cycle which produce significant
stresses,

their cumulative effect shall be evaluated as
stipulated in

Steps 1 through 6 below.

Step 1: Designate the specified number of
times each

type of stress cycle of types 1, 2, 3, .. ., n, will
be repeated during the life of the component as

nl, nz, n3, ..., n,, respectively.

NOTE: In determining nl, nz, n3, .. ., n,,,
consideration shall be given to the superposition
of cycles of various origins which produce a total
stress difference range greater than the stress
difference ranges of the individual cycles. For
example, if one type of stress cycle produces
1,000 cycles of a stress difference variation from
zero to +60,000 psi and another type of stress
cycle produces 10,000 cycles of a stress
difference variation from zero to -50,000 psi, the
two types of cycle to be considered are defined
by the

following parameters:

(a) for type 1 cycle, nl = 1,000 and Sdtl =
(60,000 + 50,000)12 = 55,000 psi;

(b) for type 2 cycle, nz = 9,000 and Salt 2 =
(50,000 + 0)12 = 25,000 psi.
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Step 2: For each type of stress cycle, determine
the

alternating stress intensity Salt by the
procedures

of NB-3216.1 or NB-3216.2 above. Call
these quantities Sdt 1, Sat 2, Sat 3,. . ., Salt n.

Step 3: For each value Salt 1, Salt2, Salt37 . .
., Salt n9 Use

the applicable design fatigue curve to
determine

the maximum number of repetitions

which would be allowable if this type of cycle
were the only one acting. Call these values NI,
N2, N3, a7 Nn.

Step 4: For each type of stress cycle, calculate
the

usage factors U1, U2, U3, .. ., Un, from Ul =
nl/N1,U2=n2/N2,U3=n3/N3,...,Un=

nniNn.

Step 5: Calculate the cumulative usage factor
U from

U= Ul1+U2+U3+. . .+ Un.

Step 6: The cumulative usage factor U shall
not

exceed 1.0.

NB-3222.5 Thermal Stress
Ratchet.

It should benoted that under certain
combinations of steady state and cyclic loadings
there is a possibility of large distortions
developing as the result of ratchet action; that is,
the deformation increases by a nearly equal
amount for each cycle. Examples of this
phenomenon are treated in this subparagraph and
in NB-3227.3. 04
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(a) The limiting value of the maximum cyclic
thermal stress permitted in a portion of an
axisymmetric shell loaded by steady state
internal pressure in order to prevent cyclic
growth in diameter is as follows. Let x =
maximum general membrane stress due to
pressure divided by the yield strengthl'S, Y'

Case 1:
Case 2:

=maximum allowable range of thermal stress
computed on an elastic basis divided by the yield
strengthl'S,, Linear variation of temperature
through the wall: for 0 <x <0.5, y' =11 x and, for
0.5 <x<1.0, y' =4 (1- x). Parabolic constantly
increasing or constantly decreasing variation of
temperature through the wall: for 0.615<xd .0
,Y' =5.2(1-%)

and, approximately for x <0.615, y' = 4.65,
3.55, and2.70forx = 0.3,0.4, and0.5,
respectively.

(b) Use of yield strength S, in the above
relations

instead of the proportional limit allows a small
amount of growth during each cycle until strain
hardening raises the proportional limit to S,,. If
the yield strength of the material is higher than
the endurance limit12 for the material, the latter
value shall be used if there is to be a large
number of cycles because strain softening may
occur.

NB-3222.6 Deformation Limits.
Any deformation

NB3222.5 iR N LR (ratchet)

TEHARIE DL A O &0 IR L#far Iz
Ko T, K720 ratchet action DR
L BfERNB L. ik, &9 A1 70,
B UE, ZEAEMNLTCHWSEHETHD.
A NB-3227.3 TH 9 .

(2) ELAEDMR VK LN ZB51E4 5 726
D AV I LIRSS SO _ERRIEIXEL R O
W ThS.

X= =T & 2 Eco K s 11 % BRI 71 Sy
TE| -7l v'= WMFE CHE SN &
KRS 1#iPH %2 Sy TEl-> 726 D

Casel : BEFIDIRE ORIEZAL, 0<c<0.5

(2% LT y'=1/x, 0.5<¢<1.0 (2%} LT
y'=4(1-x)

Case2 : Jik—E o, XiX—E D
B DOGE, ...

(b) LELOBILR TLBIRR A DZE D 0 I
RIS ) Sy 2 FHviid,

NB3222.6 ZEHLDRFE

limits prescribed by the Design Specifications
shall be

satisfied.

NB-3223 Level B Service Limits

(a) For components other than piping
operating within the temperature limits of this
Subsection, the requirements of (1), (2), and (3)
below shall apply.

RETEREEZ R T D 2 L.
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(1) The values of Level A Service Limits shall
apply for Level B Service Limits, except that for
primary stress intensities generated by Level B
Service Loadings, allowable stress intensity
values of 110% of those given in Fig.NB-3221-1
shall apply.

(2) In evaluating possible exemption from
fatigue analysis by the methods of
NB-3222.4(d), Service Loadings for which
Level B Limits are designated shall be
considered as though Level A Limits were
designated.

(3) Any deformation limits prescribed by the
Design Specifications shall be satisfied.

(b) For piping components operating within
the temperature limits of this Subsection, the
requirements of (1) or (2) below shall apply.

(1) For Level B Service Limits which do not
include reversing dynamic loads (NB-3213.35)
or have reversing dynamic loads combined with
nonreversing dynamic loads (NB-3213.36), the
requirements of (a)(1), (a)(2), and (a)(3) above
shall be satisfied.

(2) For Level B Service Limits which include
reversing dynamic loads that are not required to
be combined with nonreversing dynamic loads,
the requirements of NB-3222.2 and
NB-3222.4(e) shall be satisfied in lieu of (b)(1)
above, In addition, any deflection limits
prescribed by the Design Specification must be
satisfied.

NB-3224 Level C Service Limits

NB-3223 Level B Service Limits

If the Design Specifications specify any
Service Loadings for which Level C Service
Limits are designated [NCA-2142.4(b)(3) and
NB-3113(b)] for components other than piping,
the rules used in evaluating these loadings shall
be those used for other loadings, except as
modified by the following subparagraphs and as
summarized in Fig. NB-3224- 1. For piping,
special requirements are provided in NB-3224.7.

(@) = @ Subsection O il BRIEE N CIESH
2B LIS ORERGHAITRT L TiX, LD
D). @, BLOE) OEMFZEMT .

(1) Level A Service Limits Of# % Level B
Service Limits (2 HT 5. =72 L. 1
7173 Level B Service Loadings (Z &> CTAELT
A3 Fig.NB 3221-1 ThH 2 5557
fED 110% Z FFAIG /e S LTl 5.

(2) NB-3222.4(d) D J5 15\ K 59 57 bt &
D WTREZRPERR AR T S BRIC. £5T
Level A Limits 2MEE SN0 X 51
Level B Limits 235 & 41 % Service Loadings
MERIND.

(3) Design Specifications {Z L » TEH H AL
e ENRETRIRA b T DT 5.

(b) = @ Subsection D] FRIEFEN TIEE)J
% E ORI IR LTI, LR (1) &
HWNE () B BT S.

(1) EARFE OB E (NB-3213.35) %
EBER, EITEEAREOENIMAE
(NB-3213.36) 73 f& & S 4L72 IERA AL DEIHY
A5 % % > Level B Service Limits (2 L T
%, ko @)1). @)Q2). BLO(@)B) DE
HEleTbo LT 5.

(2) HEAZFEIFEINF S SN D LHE
D IR\ WEHYAT E A 5 T Level B Service
Limits loxf LCid. EfE (b)) ofb v Ic
NB-3222.2 & NB-3222.4(e) D BEA: M7= &
nN5H0ET 5. AT, Design
Specification |2 & » THE S iz E ATz
DIHRFT BT S 72T X7 B 720,

NB-3224 Level C Service Limits

Design Specifications & Level C Service
Limits 738 LA ORERGERA 1% LT
[NCA-2142.4(b)(3) & NB-3113(b)] THLE &
ATV B E A7z Service Loadings & BLE 3
5761 T OREOFAMIC AV S
TWARBAIZ YT /RTZ 75 72E-> TEE
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NB-3224.1 Primary Stress Limits.

The primary stress limits of NB-3221 shall be
satisfied using an Sm value equal to the greater
of 120% of the tabulated Sm value or 100% of
the tabulated yield strength, with both values
taken at the appropriate temperature. In addition,
for ferritic material, the Pm elastic analysis
limits for pressure loadings alone shall be equal
to the greater of 1.1Sm or 0.9Sy.

NB-3224.2 External Pressure. The
permissible external pressure shall be taken as
120% of that given by the rules of NB-3133.

NB-3224.3 Special Stress Limits.

SN=HD, HDHVEFig.NB-3224- 1 (2 F
EDOLNTEEDEFRWT-MORTEIZK LT
HT D2 ENHKRD. Fo, BITHLT
VIR 22 B2 & NB-3224.7 (2423 5.

NB-3224.1 — X 7R 5

The permissible values for special stress limit
shall be taken as 120% of the values given in
NB-3227.4 and NB-3228.

NB-3224.4 Secondary and Peak
Stresses.

The requirements of NB-3222.2, NB-3222.4,
NB-3222.5, and NB-3227.3 need not be
satisfied.

NB-3224.5 Fatigue Requirements.

NB-3221 ®— WS FIBRFIE, Wi b
Bl E FlzhB W T, RIZEHZ Sm D
120% 7>, FEIRIRE D 100% D 5 5, K&
WO Z T (BA720) D &F
5. &6\, ferritic( 7 =7 A b ??) OB
2% Ly JEARFEDOHZ LD Pm D5
HroBRAEIT 1.1Sm F 7213 0.9Sy DK X W
FFEEL.

NB-3224.2 4t +E

FRATEIZ NB-3133 OHANC LV 5%
SNAMED 120% &3 5.

NB-3224.3 %A% HBRR

KeRI 72 I BRI OFFARAE L NB-3227.4 &
NB-3228 CH 2 HLILHED 120% &7 5.

NB-3224.4 ZRitHh&EE—2UIEH

Service Loadings for which Level C Service
Limits are designated need not be considered
when applying the procedures of NB-3222.4(a)
to determine whether or not a fatigue analysis is
required.

NB-3224.6 Deformation Limits.

Any deformation limits prescribed by the
Design Specifications shall be considered.

NB-3224.7 Piping Requirements

(@) For Level C Service Limits which do not
include reversing dynamic loads or have
reversing dynamic load combined with
nonreversing dynamic loads, the requirements of
NB-3224.1 through NB-3224.6 above shall be
satisfied.

NB-3222.2. NB-3222.4, NB-32225. ¥
F UVNB-3227.3 D E A% 7 LB T 7
V.
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(b) As an alternative to (a) above, for Level C
Service Limits which include reversing dynamic
loads that are not required to be combined with
nonreversing dynamic loads, the requirements of
NB-3655.2(b) may be satisfied.

NB-3225 Level D Service Limits

(a) For components other than piping, if the
Design Specifications specify any Service
Loadings for which Level D Limits are
designated [NCA-2142.4(b)(4)], the rules
contained in Appendix F may be used in
evaluating these loadings, independently of all
other Design and Service Loadings.

(b) For piping fabricated from material
designated P-No.1 through P-No0.9 in Table 2A,
Section II , Part D, if the Design Specifications
specify any Service Loading for which Level D
Limits are designated [NCA-2142.4(b)(4)], the
rules contained in NB-3656(b) may be used as an
alternative to those contained in Appendix F. For
other piping materials, the rules of Appendix F
may be used in evaluating these loadings,
independently of all other Design and Service
Loadings.

NB-3226 Testing Limits

The evaluation of pressure test loadings
(NCA-2142.3) shall be in accordance with (a)
through (e) below, except that these rules do not
apply to the items in NB-3500.

(@) If the calculated pressure at any point in a
vessel, including static head, exceeds the
required test pressure defined in NB-6221 or
NB-6321 by more than 6%, the resulting stresses
shall be calculated using all the loadings that may
exist during the test. The stress allowables for
this situation are given in (b) and (c) below.

(b) For hydrostatically tested vessels, the
general primary membrane stress intensity Pm
shall not exceed 90% of the tabulated yield
strength Sy at test temperature. For

NB-3224.5 EFDEREE

WF I RMETHDNE I DRET D
72812 NB-3222.4(a) D FIEZE A+ 5 &
. Level C Service Limits 23L& S+ 5
Service Loadings |£5 &9 5 W ZE L7200,

NB-3224.6 ZHBH

Design Specifications (Z & > TE®» H L7z
ENBRERRAGERT S.

NB-3224.7 EMEREIE

(@) EAREDBHIIMEZ A TR
2. FEARFEOIBMELESTHIEA
A3 D ENFT B & Ff> Level C Service
Limits (ZBJ L Tlx. £ NB-3224.1 )25
NB-3224.6 £ COE AT D LT 5.

(b) (@) (1Mo > T, FFIEAZRTEDEHIAT
ERFES SN D MED 2 WIEA S FE OB
fif B % & ¢ ¢ Level C Service Limits (22T
I%. NB-3655.2(b) ® ZEfh& /=T bD &7
5.

NB-3225 Level D Service Limits

() BLS OHEREM TR LT, b L
Design Specifications 7% Level D Limits 73
NCA-2142.4(b)(4) THIET % £ A 72 Service
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& Service Loadings D UHI (22303 597,
Appendix F IZE £ HANT 2 6 OffE
ZEHl T DB S Db LivZaw,

(b) Table 2A, Section I, Part D @ P-No.1
225 P-No.9 THIE LAkt L v fEL -
Bz LT, b L Design Specifications 73
Level D Limits 7% NCA-2142.4(b)(4) CTHET
% & A7 Service Loadings HIHET 5725
3T ? Design & Service Loadings @ #n{af
Wb B9, Appendix F 2 & £ 5 A
W2 U NB-3656(b) (23 412 #HIS Z
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pneumatically tested vessels, Pm shall not
exceed 80% of the tabulated yield strength Sy at
test temperature.

(c) For either hydrostatically or pneumatically
tested vessels, the primary membrane plus
bending stress intensity Pm + Pb shall not
exceed the applicable limits given in (1) or (2)
below.

(1) For Pm 0.67Sy
Pm+Pb 1.35Sy

(2) For0.67Sy Pm  0.90Sy
Pm+Pb (2.15Sy - 1.2Pm)

where Sy is the tabulated yield strength at test
temperature. For other than regular sections, Pm
+ Pb shall not exceed a value of « times 0.9Sy
for hydrostatic tests or « times 0.8Sy for
pneumatic tests, where the factor « isdefined as
the ratio of the load set producing a fully plastic
section divided by the load set producing initial
yielding in the extreme fibers of the section.

(d) The external pressure shall not exceed
135% of the value determined by the rules of
NB-3133. Alternatively, an external hydrostatic
test pressure may be applied up to a maximum of
80% of the lower of the collapse or elastic
instability pressures determined by analysis or
experimental procedures (NB-3228 and
Appendix Il) including consideration of
allowable tolerances. If a collapse analysis is
performed, it shall be a lower bound limit
analysis assuming ideally elastic-plas-tic
(nonstrain-hardening) material having a yield
strength equal to its tabulated yield strength at
test temperature.

(e) Tests, with the exception of either the first
10 hydrostatic tests in accordance with
NB-6220, the first 10 pneumatic tests in
accordance with NB-6320, or any combination
of 10 such tests, shall be considered in the
fatigue evaluation of the component. In this
fatigue evaluation, the limits on the primary plus
secondary stress intensity range (NB-3222.2)
may be taken as the larger of 3Sm or 2Sy When

NoOWMEZFMMTABRICERA SN 1D
LALZ20.

NB-3226 Testing Limits
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at least one extreme of the stress intensity range
is determined by the Test Loadings.

NB-3227 Special Stress Limns

The following deviations from the basic stress
knots are provided to cover special Service
Loadings 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 requirements and the
basic stress limits, the rules of NB-3227 take
precedence for the particular situations to which

they apply.

NB-3227.1 Bearing Loads

(a) The average bearing stress for resistance to
crushing under the maximum load, experienced
as a result of Design Loadings, Test Loadings, or
any Service Loadings, except those for which
Level D Limits are designated, shall be limited to
S,, at temperature, except that when the distance
to a free edge is larger than the distance over
which the bearing load is applied, a stress of x
.SSy at temperature is permitted. For clad
surfaces, the yield strength of the base metal may
be used if, when calculate ing the bearing stress,
the bearing area is taken as the lessee of the
actual contact area or the area of the base metal
supporting the contact surface. (b) when bearing
loads are applied near free edges, such as at a
protruding ledge, the possib' 'ty of a shear failure
shall be considered. In the case of load stress
only (NB-32x3.12) the average shear stress shall
be limited to 0.65N,. In the case of load stress
plus secondary stress (NB-3213.10) the average
sheen stress shall not exceed (1) or (2) below:

(1) for materials to which Note (2) of Section
Il, Part D, Subpart I., Tables 2A and 2B applies,
the lower of 0.5Sy at 100xF (38xC) and 0.675Sy
at temperature; (2) for all other materials, Q.SSy
at temperature. For clad surfaces, if the
configuration or thicl~ness is such that a shear
failure could occur entirely within the clad
material; the allo~va6le shear stress for the
cladding shall be determined from the properties
of the equivalent wrought material. If the
configuration is such that a shear failure could
occur across a path that is partially base metal

DD H/INEWTTDREK 80% F Tiii ] &
NDh L. R 21T > 1o %
B RICSHIFERIBS & LWERRIRS
ZHF o TO DIV E T 5 & BAEAYIC
RE L7 FIRAMRATIC /2 5.
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and partially clad material, the allovcrable shear
stresses for each material shall be used when
evaluating the combined resistance to this type
of failure. (c) when considering bearing stresses
in pens and similar members, the Sy at
temperature value is applicable, except that a
value of 1.5Sy nay be used if no credit is given to
'bearing area within one pin diameter from a
plate edge.

NB-3227.2 Pure Shear

(a) The average primary shear stress across a
section loaded in pure shear, experienced as a
result of Design Loadings, Test Loadings, or any
Service Loadings, except those for which Level
D Limits are designated (for example, keys,
shear rings, screw threads), shall be limited to
~.~m. (b) The maximum primary shear that is
experienced as a result of Design Loadings, Test
Loadings, or any Service Loadings (except those
for which Level D Lxn~xts are designated),
exclusive of stress concentration, at the
periphery of a solid circular section in torsion
shall be limited to 0.8Sm. Primary plus
secondary and Beak shear stresses shall be
converted to stress intensities (equal to two times
the pure shear sue) and as such shall not exceed
the basic sties limits of NB-3222.2 and
NB-3222.4. ~

NB-3227.3 Progressive Distortion
of NonintegrAl Connecaions.

BISTHTIS X 06SM L FCThH Z L. il
I /12 NB-3213.10 12 L % 2 s s hnio
L% aE, EHREIRNS IO (1)
72X Q) 2722 L.
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DT Ty RO L HICTER /YD L9
M BHER 7 DIE, 2 OFEORREEIZ T 5
AFRIEPIEZ M D & &, KX OMEIOT-
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(c) B> ¥ K ORI I I\ T E
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EUEROFHAN T EREE 525 &
9 T ETRWEGAIZIL 15Sy &V o fE%x i
WAN, FRLSMNE, FOREICEBIT S
Sy B snD.

NB-3227.2 #ilit AW

Screwed on caps, screwed in plugs, shear ring
closures, and breech lock closures are examples
of nonintegral connections which are subject to
failure by bell mouthing or other types of
progressive deformation. If any combination of
applied loads produces yielding, such faints are
subject to ratcheting because the mating
members may become loose at the end of each
complete operating 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. Therefore, primary
plus secondary stress intensities (NB-3222.2),
which result in slippage between the parts of a

(@ LEVEL DIiCXo C#Eit&snhdH
HERE, MEAWMEIZOWT, Wrimic
YER 9 % 2 — kA AW 771% 0.6Sm IR
55,

(b) ISIEFERRE, FEMAEEHORLT
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nonintegral connection in which disengagement
could occur as a result of progressive

distortion, shall be limited to the value Sy
(Section II, Part D, Subpart | , Table Y-1).

NB-3227.4 Triaxia~ Stresses.

The algebraic sum of the thane primary
principal stresses (ai + ~2 + ~3) shad not exceed
four times the tabulated ~ralue of S,n, except for
Service Level D.

NB3227.5 Nozzle Piping Transition.

Within the limits of reinforcement given by
NB-333, whether or not aoz2le reinforcement is
provided, the P,~ classification is applicable to
stress intensities resulting from pr~sureinducerl
general membrane stresses as well as stresses
other than discontinuity stresses due to external
loads and moments including those attributable
to restrained free end displacements of the
attached pipe. Also, within the linuts of
reinforcement, a PL classification shall be
applied to local primary membrane stress
intensities derived from discontinuity effects
plus primary bending stress intensities due to
vombined pressure and external loads and
moments, including those attributable to
restrained free end displacements of the attached
pipe; and a P~ + Pb + Q classification shall apply
to primary plus secondary stress intensities
resulting from a combination of pressure,
temperature, and external loads and moments,
including those due to restrained free end
displacements of the attached pipe. Beyond the
trouts of reinforcement, a P,~ classification is
applicable to stress intensities resulting from
pressure-induced general membrane stresses as
well as the avCrage stress across the nozzle
thickness due to externally applied nozzle axial,
shCar, and torsional loads other than those
attributable to restrained free end displacement
of the attached pipe. Also, outside the limits of
reinforcement a PL + Pb classification is
applicable to the stress intensities that insult from
adding those stresses classified as P,~ to those
due to externally applied bending moments,
except those attributable to restrained free end
displacement of the pipe. I~rther, beyond the
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limits of r~einforccment, aPL + Pb + Q
classification is applicable to stress intensities
resulting from all pressure, temperature, and
external loads and moments, including those
attributable to restrained free end displacements
of the attached pipe;. $eyond the limits of
reinforcement, the 35~, limit on the range of
primary plus secondary stress intensity may be
exceeded as provided in NB-3228.5, Cxccpt that
in the evaluation of h!B-3228.5(x) stresses from
restrained free end displacements of the attached
pipe may also be excluded. The range of
membrane plus bending stress intensity
attributable solely to the restrained free end
displacements of the attached pipe shall b~e ~
3S,n. The nozzle; outside the reinforcement
limit, shall not be thinner than the larger of the
pipe thickness or the quantity tp(S 1, 1S,~,),
where to is the nominal thickness of the mating
pipe, SN, ,~ is fire allowable stress intensity
value for the pipe material, and Sj,u~ is the
allowable stress intensity value for the nozzle
material.

NB-3227.6 Application of Elastic
Analysis for Stress Beyond the
Yield Strength

Certain of the allowable stresses penr~itted i n
the design criteria are such that the maximum
stress calculated on an elastic basis may exceed
the yield strength of the material. T he limit on
primary plus secondary stress intensity of 3Sm
(NB-3222.2) has been placed at a 1evel which
ensures shakedown to elastic action after a few
repetitions of the stress cycle except in regions
containing significant local structural
discontinuities or local thermal stresses. These
last two factors are considered only in the
performance of a fatigue evaluation. Therefore:
(@) In evaluating stresses for comparison with
the stress limits on other than fatigue allowables,
stresses shall be calculated on an elastic basis.
(b) In evaluating stresses for comparison with
fatigue allowables, all stresses except those
which result from local thermal stresses
[NB-3213.13(b)] shall be evaluated on an elastic
basis. In evaluating local the stresses, the elastic
equations shall be used, except that the
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numerical value substituted for Poisson's ratio
shall be determined from the expression: .

v=0.5 0.2 (Sy /Sa), but not less than 0.3
where Sa = value obtained from the applicable
design fatigue curve (Figs. 1-9.0) for the
specified number of cycles of the condition being
considered

Sy =yield strength of the material ~at the mean
value of the temperature of the cycle

NB-3227.7 Requirements for
Specially Designed 'fielded Seals

(a) welded seals, such as omega and canopy
seals (NB-436), shall be designed to meet the
pressure induced general p~ membrane stress
intensity limits specified in this Subsection. Note
that the general primary membrane stress
intensity varies around the toroidal cross section.
(b) A1l other nriernbrane and bending stress
intensities developed in the welded seals may be
considered as secondary stress intensities. The
range of these stress intensities conibined with
the general primary membrane stress intensity
may exceed the primary plus secondary stress
intensity limit of 3S 1, if they are analyzed in
accordance ~,with NB-3228.5 as modified in (1)
and (2) below. (.1~ ix~ lieu of NB-3228.5(a), the
range of the combined primary plus secondary
membrane stress intensities shall be <3S u . (2)
NB-3228.5(d) need not apply.

NB-3228 Applications of Plastic Analysis

The following subparagraphs provide
guidance in the application of plastic analysis
and some relaxation of the basic stress limits
which are allowed if plastic analysis is used.

NBe3228.1 Limit Analysis.

The limits on General Membrane Stress
Intensity (NB-3221.1), Local Membrane Stress
Intensity (NB-3221.2), and Primary Membrane
Plus Primary Bending Stress Intensity (NB-3221
.3) need not be satisfied at a specific location if it
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can be shown by limit analysis that the specified
loadings do not exceed two-thirds of the lower
bound collapse load. The yield strength to be
used in these calculations is 1 55~ The use of |
,5S,~ for the yield strength of those materials of
Section I, Part D, Subpart 1, Tables 2A and 2B
to which Note (2) of the Table is applicable may
result in small permanent strains during the first
few cycles of loading. If these strains are not
acceptable, the yield strength to be used shall be
reduced according to the strain limiting factors
of Section I, Part D, Subpart 1 , Table Y-2.
When two-thirds of the lower bound collapse
load is used, the effects of plastic strain
concentrations in localized areas of the structure
such as the points where hinges form must be
considered. The effects of these concentrations
of strain on the fatigue behavior, ratcheting
behavior, or buckling behavior of the structure
must be considered in the design. The design
shall satisfy the minimum wall thickness
requirements.

NB-3228.2 Experimental Analysis.
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NB+3228.1 RS

The limits of General Primary Membrane
Stress Intensity (NB-3221.1), Local Membrane
Stress Intensity (NB-3221 .2), and Primary
Membrane Plus Primary Bending Stress
Intensity (NB-3221.3) need not be satisfied at a
specific location if it can be shown that the
specified loadings do not exceed two-third~ of
the test collapse load determined by application
of 11- 1430, in which case the effects of plastic
strain concentrations in localized areas of the
structure, such as the points where hinges form,
must be considered. The effects of these
concentrations of strain on the fatigue behavior,
ratcheting behavior, or buckling behavior of the
structure must be considered in the design. The
design shall satisfy the minimum wall thickness
requirements.

NB-3228.3 Plastic Analysis.

Plastic analysis is a method of structural
analysis by which the structural behavior under
given loads is computed by considering the
actual material stress-strain relationship and
stress redistribution, and it may include either
strain hardening or change in geometry, or both.
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5. b L, ZOWMHMIREN NS R0
121X, Section Il, Part D, Subpart 1, % Y-2
(R SN D AR ORRERIZHE- T,
ZOHRBEET DMLERDD. T,
TRRAR D HAEERFE D 3 45D 2 24 55
Ay B U E ORGSR RO 4R
OB L ZE LTI 60, gy
LT F =y NE., JEENET D aEettn
HHGET., IO OTHREFOREL R
HTEE LTI L2, Lo
T, REFCIEER SN f/ N OBER A i 72
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The limits of General Membrane Stress
Intensity (NB-3221.1), Local Membrane Stress
Intensity (NB-3221.2) , and Primary Membrane
Plus Primary Bending Stress Intensity
(NB-3221.3) need not be satisfied at a specific
location if it can be shown that the specified
loadings do not exceed two-thirds of the plastic
analysis collapse load determined by application
of 11- 1430 to a load-deflection or load-strain
relationship obtained by plastic analysis. When
this rule is used, the effects of plastic strain
concentrations in localized areas of the structure,
such ~s the points where hinges form, must be
considered. The effects of the concentrations of
strain on the fatigue behavior, ratcheting
behavior, or buckling behavior of the structure
must be considered in the design. The design
shall satisfy the minimum wall thickness

requirements.

NB-3228.4 Shakedown Analysis.

The limits on Thermal Stress Ratchet in Shell
(NB-3222.5) and Progressive Distortion of
Non-Integral Connections (NB=3227.3) need
not be satisfied at a specific location, if, at the
location, the procedures of (a) through (c) below
are used.

(@) In evaluating stresses for comparison with
the remaining stress limits, the stresses shall be
calculated on an elastic basis.

(b) In lieu of satisfying the specific
requirements of NB-3221.2, NB-3222.2,
NB-3222.5, and NB-3227.3 at a specific
location, the structural action shall be calculated
on a plastic basis, and the design shall be
considered to be acceptable if shakedown occurs
(as opposed to continuing deformation).
However, this shakedown requirement need not
be satisfied for materials having a minimum
specified yield strength to specified minimum
ultimate strength ratio of less than 0.70 provided
the maximum accumulated local strain at any
point, as a result of cyclic operation to which
plastic analysis is applied, does not exceed 5.0%.
In all cases, the deformations which occur shall
not exceed specified limits.

NB-3228.2 SEERfiZ 4T

B E DR — 2B W, 11 -1430 O
o)At iof&mémt%% X % AR far
wHD 34 @z%ﬁﬂbﬁw & DR FFEAT
WZE o TURENTGAE. — I OBIS T E
(NB-3221.1) . J&3¥B DR ) JE
(NB-3221.2) . BX U1 WIESIIE+ 1k
fh s 71 (NB-3221.3) DZF - FUT %)
92 il [ % 5 8 DL Tl 72 T BN 7
W, 2Ol E, B UV EORER) Y
PHOTHEFORELZRE L2 TR
RN, EHRL T Ty NEE, ERENAET
HAREMEIN B DAL, 2 b O At

DR REFTEB LTI 5780,
L7=23 o> T, Rt CTIXER SN -/ DEE
Erild 2 il bl2A9.

NB-3228.3 ¥t g4

FAVERRAT & 13, RO — O3 A%
L ST DOERSY. O AL, SRR
M/ EEEBETDHZLICEST, &
HWE N COMEDFEE 2T 5 LT
H5.

KR E DRFE 7 — AN T, SRR I
FoTHELNME-OTAHEZRE LIX
faf B — M REAFRIC R L T -1430 235
Tl Lo TIRE S NIRRT ED 35D
2 ZBiE L7 2 & N RIAENTIC Lo TR
ENTGA. R OBS I E
(NB-3221.1) . JRyl oo )i /)
(NB-3221.2) . BL OV 1 IEISAIE+ 1k
HE IS /18 (NB-3221.3) DZF L F %t
§ 2 il [R5 DL Tl 729 BN 73
W, ZOREEAFHTLHICHT-oTE, &
VU EOREEM IR O T AR O
A EB LTI R0. T
F v B, EIENET D AHEMENH D
LA, SN O0THEFTOREZFGT
EZRLRTNER S0, Lo T, &
FECITESR SN R/ DN OBERE A 7o 4 2 &
WD 72A 9.
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(c) In evaluating stresses for comparison with
fatigue allowables, the numerically maximum
principal total strain range shall be multiplied by
one-half the modulus of elasticity of the material
(Section 11, Part D, Subpart 2, Tables TM) at the
mean value of the temperature of the cycle.

NB-3228.5 Simplified
Elastic-Plastic Analysis.

The 3S,~ limit on the range of primary plus
secondary stress intensity (NB-3222.2) may be
exceeded provided that the requirements of (a)
through (f) below are met.

(a) The range of primary plus secondary
membrane plus bending stress intensity,
excluding thermal bending stresses, shall be
~3S,,*.

(b) The value of S~ used for entering the
design fatigue curve is multiplied by the factor
K., where:

K*=1.0, for S,* ~ 3S,~

=1.0 + [(2 n)In(m 1)](S /3S~ - 1),
for 35~ < S~ <3mS~

=1/n, for S~ 2~ 3mS,~

S~ = range of primary plus secondary stress
intensity, psi

The values of the material parameters mand n
for the various classes of permitted materials are
as given in Table NB-3228.5(b)-1 .

(c) The rest of the fatigue evaluation stays the
same as required in NB-3222.4, except that the
procedure of NB-3227.6 need not be used.

(d) The component meets the thermal
ratcheting requirement of NB-3222.5.

(e) The. temperature does not exceed those
listed in Table NB-3228.5(b)- | for the various
classes of materials.

(f) The material shall have a specified
minimum yield strength to specified minimum
tensile strength ratio of less than 0.80.

NB-3228.4 & = —4 &y kT

& DFFE DOLHTTLL FIZART (@) ~ (¢) D
FNEIZHED 72 5, BEIS LD =D
F7F = v MEE (NB-3222.5) & HEAHD
OTLOHEST (NB-3227.3) 17 [R 23 1
ERAP AL A=A AN

(@) 7> TV LIS IRF & DI D T= 8
(ZFEEIST) Z BT 9™ D BRI IS XA
CREINLIbDET 5.

(b) & 2K E DHEATIZ BT NB-3221.2,
NB-3222.2, NB-3222.5, 3 J TF NB-3227.3 |
IRSNDERE AT DoV IC, Wik
DZEENTIBPEMNT 2 BEARICHE SR
<, EFHBWTIEER OSBRI L 72
V=AU UNELHELDOERRLTE
W, LR S, TV a— I X T K
T 7=k, BT X594 70
VER OFERZ WS Z & T5.0% 2% 72
WA 72 I ROT AR D B, £ DOfE
? 0.70 {5 A DIRFE 2 M EH LTV D
VB, B2 TOr—R BT, AL
HEBIIREEOHIRZ B 200 L7
V.

(c) FE PRI & D D 7= I ) 2 FE
9 2B, HE SR KROTEOT A4
BT BV 7 L DESIE L Section 11, Part
D, Subpart 2, & TM (27~ L 724 B D gi:AR
OS5 2HT D L THELND.

NB-3228.5 ff§ 5 7%: S BBt AR AT

LTI (@) ~ (f) OER &2~ 2 &
IZE->T, 1R+ 2 Wit )1 (NB-3222.2)
OHIRE LT3SMmEZH D Z ENTXS.

()1 WIS ) + 1 RIS+ 2 IRIET)
DEFHEI REIZ L DTS 2 & 00T
ML, 3SmMUT L5725 9.

(b) #2557 R G T IR A 4 % 72 &0 DR
ETH D Sallid, R Ke ZR_TDHHD
95,

Ke=1.0 (Sn = 3Sm)
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TABLE NB-3228.5(b)-I

VALUES OF m. n. AND Tmax FOR
VARIOUS

CLASSES OF PERMITTED MATERIALS

Mat:”a' m n Tmax F(C)
Carbon 3.0 0.2 700 (370)
steel
Low 2.0 0.2 700 (370)
alloy
steel

Marten- 2.0 0.2 700 (370)
sitic

stainless
steel

Austen- 1.7 0.3 800 (425)
itic

stainless
steel

Nickel-c 1.7 0.3 800 (425)
hro-

miume-ir

on

Nickel-c 1.7 0.3 800 (425)

opper

=1.0+[(1-n)/n(m-21)](Sn/3Sm-1)
(3Sm < Sn < 3mSm)

=1/n (Sn = 3Sm)

Sn=1&+ 2 Wi 1 DEF

¢ NB-3228.5(b)-1 1=, i fHNFFAI ST
WDERZ IRFEFE DM BHZ X DX T A—4
m. n. BILOTmax #7177

(c)NB-3222.4 THR E TV 5P F7 PR
x4 D A EiE, NB-3227.6 THE ST
TWD Z & DISMIE 5 LB 220,

(d) B R 31E. NB-32225 (2R &EN 5D
BEICLD 7T =y MERICKT 22 R%E
Wbl 5.

(e) MEHEEE X, 2 NB-3228.5(b)-1 [ /~3
HEBZRNbEDETD.

() AN, F/hGIIRBEE D 0.8 f5LL T D
FFRMEZA L TN,

NB-3229 EREtHIG NI T B A(E

NB-3229 Design Stress Values

The design stress intensity values S,~ are
given in Section Il, Part D, Subpart | , Tables 2A
and 2B for component materials. Values for
intermediate temperatures may be found by
interpolation. These form the basis for the
various stress limits. Values of yield strength are
given in Section H, Part D, Subpart 1, Table Y-1.
Values of the coefficient of thermal expansion
and modulus of elasticity are in Section Il. Part
D, Subpart 2, Tables TE and TM. The basis for
establishing stress values is given in Appendix
[1l. The design fatigue curves used in conjunction
with NB-3222,4 are those of Figs. 1-9.0.

REHIS T DRFAAE Sm 1X, AR
¥k = & 12 Section 11, Part D, Subpart |, # 2A 35
FOERBOFTEHEZ LN TS, MEHR
FEOYEELREOFITRINTND. =
AU IRk 2 72N IR D FEAR & 70 D kP
DFFEFRE 1T Section H, Part D, Subpart 1, 3%
Y-1 O THEZ LTS, IREDORKRIE
FR%k & AR 20 Section 1. Part D, Subpart
2, ZHTEBLIVERTMIZEZ LN TWA.

W B 2 ST DRI, (RO H Th-
2 b5, NB-3222.4 & o fili 4 % kit
PRI T 9.0 ITREN TN 5D,
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TABLE NB-3217-2

CLASSIFICATION OF STRESS INTENSITY IN PIPING, TYPICAL CASES

Discontinuities

Considered
Piping Component Lacations Origin of Stress Classification Gross | Local
Pipe of tube, elbows, and Any, except crotch Internal pressure P Ma No
reducers. Intersections reglons of Ppand @ Yes No
and branch connectlans, intersections F Yes Yes
except in crotch regions
Sustained mechanical loads, includ- | £ No No
“Ing weight FPpand @ Yes No
Nonreversing dynamic loads F Yes Yes
Expansion P, Yes No
F Yes Yes
Axial thermal gradient o] Yes No
F Yes Yes
Reversing dynamic loads CHote (1)1
Intersections, Including In crotch region Internal pressure, sustained Py and @ CNote (2)] | Yes No
tees and branch mechanical loads, expansion, and | £ Yes Yes
connections nonreversing dynamic loads
Axial thermal gradient 4] Yes Na
F Yes Yes
Reversing dynamic loads [Mote {113
Bolis and fanges Any Internal pressure, gasket compres- Py No Mo
sion, and bolt load Q Yes No
F Yes Yes
Thermal gradient @ ‘Yes Mo
F Yes Yes
Expansion P, Yes Mo
F Yes Yes
Any Any Nonlinear radlal thermnal gradient F Yes Yeas
Linear radial thermal gradient F Yes No
Anchor point motions, including qQ Yes MNo
those resulting from earthquake I
MOTES:

{1) The stress intensity resulting from this loading has special requirements that must be satisfied. For Level B Service Limits, these are provided
in MB-3223(b){2) and for Level D Service Limits in NB-3228.6. '
(2] Analysis is not required when reinforced in accordance with NB-3643.
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TABLE NB-3217-2

A TERDIESRED 53, — 72 or — A

AR friE J& DA J1 ¥ B S Db
M
EXEN AT
2847 (F=2— | reducers. regions | PNJE Pm No No
7)), @—/)LiR—, | of Intersections PLand Q Yes No
Z DAt (crotch F Yes Yes
B <) [EED R E (B E, FEVESERATE) | po No No
PLand Q Yes No
F Yes Yes
iR, w7 AR AR, WIREAIWE | pe Yes No
F Yes Yes
Q Yes No
F [Note (1)I Yes Yes
Z7E (7«4 | Incrotch region W, R BifiE, Wk, JEER | PLand Q CNote (2)I Yes No
—, %) TN E F Yes Yes
G PR AR, AT Q
F [Note (1)l
ANVER, 772 | Any NI, HA7y bOERE, AV | Pm Yes
P4 Q Yes
F
1 £ )i Q Yes
F Yes
(48 Pe Yes
F Yes
Any Any FEMIAE ST 101 FE )i F Yes Yes
R 1 FE A F Yes No
HRRIZ X 2 [H 8 M OB) X Q Yes No
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Stress Priman
Cartegary General Membrang | Local Membrane Bending
Description {for Ayerage primary Average stress acreds | Component of pri-
sxamples see SLFESS BCTOSS any solid section, mary stress pro-
Table NEB- solid sectlon. Ex- Considers discpan- particnal to
3217-1) cludes discon- tinuitles but not distance from
thnuities and concentrations, centrodd of salid
cancentrations, Produced anly by section. Excludes
Produced only by mechanical leads. ducontinuities
machanlcal ard concentra-
laads, tions, Prodwced
anly by mechan-
ical loads,
[Waote (117
Symbol
[Mote (217 Fa P R
Combination of stress I | 1 l I 1_
components and
allowable limits r
of stress i P,
intensitles. S
‘ L
-
K
j r
Pk B
Legend

e Use Design Loads

NOTES:

(1) Bending compenent of primary stress for piping shall ke the stress proportional to the distance from
centrold of pipe cross section.

{2} The symbols 2, B, and P, do nob represent single quantities, but rather sets of six quantities
representing the six stress companents o, o, o, Ty, 7, &6l T,

FIG. NE-3221-1 STRESS CATEGORIES AND LIMITS OF STRESS INTENSITY
FOR DESIGN CONDITIONS
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L Primary Secondary
General Local Membrane
Membrane Membrane Bending Expansion pius Bending
Average primarny AVErage Stress across Component of primary | Stresses which result Seif-equilibratin (1
stress, across sofid ary sofid section. stress proportional | from the comstraint mn__._mﬂ_q_._.“um“.u to u “.”n__
section. Excludes Censiders effects of to dislance from of free erd displace- satisfy continuity of ond
effects of discon- discontimuities but ceritroid of solid see- ment. Considers structure. Decurs at (=)
tinuities and con- not concentretions, tion, Excluges effects of disconti- structural discositi- Do
centrations, Pro- | Produced by pres- effects of discanti- ruties but not lecal nuitiés, Can be (2] Cen
duced by pressure sure and mechan- nuites amd camoen- stress concentration caused by pressure, 5tre
and mechanical ical laads, including ‘ tratiors. Produced inot applicable to mechanical loads, or may
lcads. inertia sarthgualke by pressure and vessels), differential thermal but
effects, mechanical lpads, expansion, Excludas
intluding inertia local stress i
earthquake effects, concertrations,
[Mote (15]
Py [Nete (21] | PuiNote ) Py [Mote {2)] Py

1

s

lon Loads

b S S ;& A

@

-q--.—-n----'-q—-- f o]

i MNote |45]
[Mote (53]
— P+ P +P +§

]
INete (71] b + ......
P+P +P +0+,

R

{Tetal Stress)

-53222-1 STRESS CATEGORIES AND LIMITS OF STRESS INTENSITY FOR LEVEL A AND LEVEL B SERVICE LIM



MNOTES:

11} Banding component of primary stress dus to mechanical loads for piping shall be the stress proportional 1o tha distan
gectlon, For piping, the calculation of Py stresses is not required for reversing dynamic loads lincluding ineria earthgus

[2) The symbalz P, Fi, Py Pa @ and F do not represent single quantities, but sets of 5ix quantitias repregenting the
g Tepe Tgpe 8O Trpe

[F Far Leval B Service Limits for primary stress intonsities gemarated by Lewal B Sareica Loadings, see NE-3223(a)(1].

{4} When the secondary stregs |2 due to o temparatufe tranglant 5t tha point at wwhich the stresses are being analyzed or 0
the value of 5, ehall be taken as the marage of the tebulated 5, valuas for the highest and the lowest temperatures of
Whan part or all of the secondary stress i due to mechanical load, the value of S, shall not excesd the value for tha highast t

i5) Special niles for excanding 35, are provided in NB-3228.5

{8) 5, is obtained from the fatigue curves, Figs. 1-9.0. The allowable siress intenEity for the full renge of fluctuation is 25,

{7} The stresses in category O are those parts of the total stress that are preduced by thermal gradients, structural discar
include primary stresses that may also axist at the same point. However, it sheuld be noted that a detailed stress analysis fr
of primary and secondary strassas directly and, when appropriate, the calculated valua represents the total of P, + Py + 1
the stress in category F |5 produced by a stress concentration, the quarntity F is the additional stress produced by the not
gtress. For exampla, if & point has a naminal stress intansity .un_._ and has a noteh with 8 siress concentration Tactor K
F = Py 1K= 1], and the peak stress inteasity equals P + Pry (K = 1] = KPp. Howevas, Py is the total membrane stras
loade, including discontinuity effects, rathar than a stress mcrement. Tharelars, the Fy valus alwaye includes the P
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Stress Category

Primary [Motes (1) and (211

General Membrana

Local Membrang

Bending

Secondary
[Metes (1) and (2)]
Membrane pls Bending

Peak [Motes (1) and (2}]

Dwscription (for examples
se2 Table NB-3217-1)

Aurrage primary stress
AcriEt solid section. Ex-
chudes discontiruities and
cancentrations. Produced

Average stress across any
solid section. Conslders
discontinities but not
concentrations, Produced

Component of primary

stress propartional to
distance from centrold of
god dectian, Excludes

Self-equilibrating stress
mecéssary to satisfy con-
tinuity of Structue, Ocours
at structural discon-

(1) Incremnent added to
primary or secaondary
stress by a comcertration
imobel).

GEMERAL NOTE:
MOTES:

o

Pt P

L [Mote (631

anly by mechanical kaads, anly hy mechanical loads. discontimuities and concen- tinuities, Cam be cawsed by | (2) Certain thermal strosses
trations. Produced anly by mechanical baad or by which may caise Fatigoe
mechanical loads. differential thermal expan- but not distortion of
s5on. Excludes local stress vessel shape.
.m concentration.
P . P
Symbel A i Py . Q F
[Note (117 NE mpﬂqﬂhu__m 32108 NB-3213.10 __ﬂ.u.muuﬂwnﬁ NB-3713.9 NB-3213.11
Combination of siress m i ._q H H
components and 1 _. i “ i
adlowabie Rits of ! ! : ! H
stress intensithes H i ! I H
| ! _ - Elastic “ i
' Elastic ! analysis | !
Elastic ! analysis " MB-3224.1, ’
ailysls b | ME-3774.7 KB-3224.2) i
" me-3z24 ¥ (ote (311§ o | el i
“. (Note (& )1f 5 or : [ Limit ] :
e —————— L bt “ amalysis - Evaluation not required L - Evaluation not requined
d_ amnalysis g HE-3224.3
i NE-3224.3) | [Nete (51
i [Mote {51 "F T rtaodal
i i stressas
! ! NB-3224.3
I
L

Far congueations  where compressive stresses occur, the stress limits shall ke revised to take inle account eritical buckling stresses TNE-32110c30

{1} The symbols Po Po, Fy § and Fda not represent single geantities, but rather sele of six quantities represanting the slx stress components o oy o Ty T and wo
{21 For piping, alternative requirements are provided in NE-3224.7.

3] The limits shown are for stressss resulting from pressure in combination with other mechanical loads. For ferritic materlals, the P elastic analysls [Imits for pressure loadings alane

shall be equal to the greater of 1,15, or 0,95,

(41 Use the greater of the valees specied.
(5} £, the colizpse load calculated on the basis of the lower bound theorern of lirnit analysis and yield strength values specied  in Section 11, Part D, Subpart 2, Table ¥-1.

(&) The triaxial stresmses represent the algebraic surm of the thrge primary principal slresses (o + oy 4 o) for the combination of stress compenents,

FIG. NB-3224-1 STRESS CATEGORIES AND LIMITS OF STRESS INTENSITY FOR LEVEL C SERVICE LIMITS
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