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zP.ZZ\'RrT 1 fCOND.iTllONS AND \C'RHTEFHA

K .

301 ‘DEY l(u’LO\'DI“’O\S
S 3014 ‘General e

301 defines the temperatures, pressures., and various
forces applic;ib'lc ito “the sﬁc.;ir;n -of piping systems. Tt
- dlso takes dnto account cousiderations that shall ibe
given ko ambicnt “and Amcc‘lamcal influences .and
various: loadmbs. LR .

o e oG r';-»{»’l" .

301... ‘Design Pressurc ;

_ The design spressure shall be mot less than the, prcs-
sure at ithe most severe condition of coincident i inter-

O nal.or external ipressure and temperature expected in '

'nm-m.x. vperation.[(See 302:2.40)

The most severe condition of eoincident pressurs
aad temperature fis thal: combination which rzsultsn
the \,x-.-test 'rc.qulred )thlckncss ‘nnd the “nighest
ﬂanu nung o e T o s

The' maximum, dszcrcncr-s m prLs'un‘ between
tie inside .and outside of any piping component or
‘between any itwo-charnbets of a. combination runit
shall e considered, mcludmg thc urintentional 3 doss
-of cx:;rna] or internal xprcssure. _

-~ A‘ “

" 301 3 Dcsngn Tcmpera;ure

-The design temperature \is the .metal temperature
representing the most severe condition of coincident,
pressure and ‘temperature as g‘(plam;d in 301.2: Thc
design temperature shail 'be determined as folloivs:

- 301.3.1 Uninsulated Piping SEPUE te
{a) ‘For fid’ reinperatures, bélow 32 F, :the

n.ual u_mperaturc shajl-he Lakcn asuhc fluid wem-

pcratun. . . - .
(b) Tor flud lcmpcraiur.. 3" F and above, un.’
less a lower average ‘wall temperature s determined
by test or heat grinsfer calculation, the metal wem-
perature fur wninsulated componentsshali be xno!lcss
than the tolluwing values: '
Q ( 3 threaded und welding, énd valves, pipe.
lagped ends, welding fietings, dnd -other compongnts
Raving wall thickness compuarable to ‘that 1 -the pipe:

m
[0

G
=

95 percent of the fluid temperature.

(2) flanged vaives, tianged firtings, and flanges
{except lap jointj: 90 percent:of the ﬂu: temresas
ture. .

(3) Jlap joint ﬂangcs. 85 ;percent of tae fluid
temperature,

(4) ‘boltmg 80" pcrcc-:t ofthc fluid e renreva:a-c.

301.3.2 ‘Extrrm iy lnsulatrd Plpmg

The fluid temperature shall be used unless vl
culations, previous tests. or service experience Taied
ion «ncasirements suppart the use of o:‘wg @
tures. Where p'xn.ng”‘is heated by tracing cr‘j.u
the «ffect of .such heating shall be consideres in tn:
iestablishment of the design tcmpcrature. R

e oTa

30133 Inh‘nm]/vzlfxsztl‘ztcd Piping :
The- desizn ‘metal t‘*m“cran.r.. shall be Basad on

4

heat transfer calculanons or tests, o

)

. \ 1 Lo -
301.4 ,Ambicm Xn‘]ucncc‘s” R |

301.4.1 ('ualm" Effccrs on. Pres;u'e\

The cooling'of a gas or wapor in'a pipicz cem-
poncnt may rsd ice the” pr,asure‘su.ﬁcx;ntl) create
an internal vacuum.In such a.cate, the pipinz zom-
ponent shall be vcepab]e of\wxrhstandmg‘thc exzarnal
pressuce_at the lowér ternp;razure or provmm snaﬂ
be madc to break the' vacuum. - 7.} P :

.>01 4.2 Fliid EApammn Lffect y ,"‘ L
Provision shail be ‘made in thq design cister to

withstand or to relicve mcreascd pressuc causc by

the hcatmg of stanc fluid in a piping. ..om:c-.:rt.

RS . :

3015 Dynamic ‘Effcctg e l .
301.8 Impace ™ . - i oo
linpact forces cause bv «t.\t-.rnql ‘orinte¥natcon.

dmonu(.nciudmw“n drauuc mogk apd liguid ez s2ud
slugzing) shallbe taken 'mto accounf ‘in the Sesigneof
plplﬂg S\ si{Cs.

301:5.2 WVind

The effect of wind loading ‘Shqll be taken ;o
account in the desizn of an-exposed piping syszm as
described in ANSI A58.1.

[t

l
1
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301.5.3 Larthquske

Piping svstems located in regions where carth-
quakes «o2 4 ftactor shall be designed for horizantal
focces 25 described in ANSI A58.1,

301.5.4 Vibration

Pip -z systems shall be designed, arranged, and
supporize so as (o chminate excessive and harmful
effects of wibranion which may anse from such
SOUTCCS «» IMpagl. pressure pulsation, resonance in

comprestors, and wind loads.

301.3.5 Ducbarge Reactions

Pipi=z svstems shail be desipned, acranged and
SuUpporicz $0 as to withstand reaction forces due to
let-dow= er discharys of fluids. :

301.6 Weight Effeces
The folowing weizht effects, combined wich loads
and x'c'::a from other causes, shall be saken inte
account in the design of piping systems.

301.0.1 Live Load

Live lcad consists of the weight of the medium
transpo-:cd or the medium used {or test. Snow and
ite loazs shall be considered 1n localities where such
conditions exist,

3031.6.2 Dead Loads

Deaz loads consist of the weight of piping com-
ponents. valves, strainers, msulation, wnd other super.
imposed permuanent loads supported by the, piping.

301.7 Thermal Expansion and Contraction Effects

The {zlowing thermal ceffeces, combined with
loads ani forces from other causes, shall be taken
into account in the design of piping systems:

301.71 Thermal Loads Due to Restraints

Thesz loads consist of thrusts and moments
which amise when a piping system 1s prevented from
free thermil expansion and contraction as thc result
of restraints or anchors.

301.7.2 Loading Due te Temperature Gradicnes
Thess loads arise from stresses in pipe walls re-
sulting from large rapid temperatyre changes or from
unequai rzmoerature changes or {rom unecqual tem-
perature &'stribution (such as those lc.f.uitmg from a
high heat fiux through a comparatively .thick pipe).

301 7.3 Loading Due to Difference in Expansion
Charactenstics

These toads resule from differences in thermal ex-
pansion where matertals with different thermal ex-
pansion coctticients are combined, as in bimectallic,
lind, jacxeted, or mezallic-non-metallic piping

301.8 Lflcets of Support, Anchor, and Termina
Movemuenss

The effects of movements of picing SUPpOET .
anciots, and connected equipment shail be taken
inic account in the dosign of piping sustems, Trese
movements may reselt {rom thermal axpansion of
cgruipment o1 ;ppc-rts, from settlenmiont, from tca
inovemer's, or om wind sway,

301.9 Reduced Ductility Etfects

The h.rmful etiects of reduced ducnlity sha!
taken into account in the desiga of piping S}'S‘:"h.

The effects ma, result from weldir z or heat .
ment pr(..L‘uUH.S. or from low opL Ay tempers-
turce, md.mum the chilhng effect of sodden loss of
izhly volatile fluids.

I)FLSQUYC Ot

302 DLSIGN CIITERIA

30621 Guneral

This diision pertains to pressure-temperature rat-
wgs, stress critena, design allowances, and minimum
design values, and formulates pernissivle variations
of these factors as applicd to deuizn of piping
- stems,

302.2 Uressure-Temperature Design Crireria for
1ping Components
302.2.1 Components flavmg Specitic Ratings
Pressure-temperature ratings top ceriam pipiig
‘omponents hinve been cestablshed and aie ¢nn-
.ained in some of the standards Listed 10 Table 325.1.
Except as modificd in this division, these ratings
acceptable for design pressures and remperatures
snder this Code. Where established prssurc-tempera-
.ure ratings for a comporent do not eatend to th:
temperature limits pernntted by this Code, ratnzs
Scyond the range of the standard up to that it
may be determined in accordance with the rules of

this Code.

302.2.2 Components Not Having b;w’c;}u Ra :'r:gvs'

Some of the standards listed in Table 326, such s
those for butt weld fitungs. specify that comg-o*xer:rs
shall be furnished in nomunal thickness. wazh strenth
to match pipe of comparablc nomina! thickness. *-\-
cept as modified in chis division, such comDOT\C"‘
may be rated within the range of tem peratures in the
Allowable Srress Tadles. Appendix A, for the same 2l
lowable pressures as seamiess pipe of the same nomi
nal thickness. as determined i 304.1 for matenal
naving the same aliowable stress.

Piping components, such as pipe,
lowable stresses have been developed in acporda..-.
with 302.3, but which are not covered oy dtandards
w Table 326 may be pressure rated by {ules to:
pressure design in 304, within the range of rempera-

\‘h \Vhl h m_'
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wres in the Allowavie Stress Tables, Appandix A,
modified as Jpphc.u)‘c by other provisions of this
dn_nsxon.

302.2.3 Narmal Operatiug Conditions
i-or normal operation, the design pressure and
:emperature shall not be greater than the pressure-
temperatuee rating of the comaponent, In the ab-
sence ol wach rating, e dcsigu pressure shall not
wsult o stress eaceeding the sllowable suress for
Lne maun.d at the temperature,

302.2.4 A {lowances for Vartations from Normal
Operatryy Conditions

Varjations in the temperature or prossure. of
both, fgom nesmai operating conditions are charae-
.':nsnc of zortain services, I the duration of these
vavatiens s prester than permitted by (4) and {b)
bulow, a¢ in cyclic mast severe
combination of pressure and temperature shall be
'-":ercd as normal Lperanon. {See 301.2.) I these
variattons  aie infrequent and of short dur.nuon,
hawever, the pressure- rcmpu.\mu tatings or the al-
lowable stesses of the piping components may be
enceeded s andicated i (a) or (a) below, “ihese
.s'm\x.x}u.w shull not be applied to: 1) naterials
whose aiicwable stresses exceed 2/3 of yield unless
the allowable stress has been reduced as spearficd
in Note 3 m 302.3. 2(bj, nor 2) cast iron or sumilar
non- ductm matcrials,

(a) 1{ the increased operating condinon will not
last more than 10 hours at any one time and will
net ¢oral more than 100 hours per vear, 1t is per-
m.»sxbh. to exceed the pressute rating or the aliow:
abie stress at the tcmpcmture cxisting in the in-
creased operadng conditon by up to 33 percent.

(b) if the increased opcrating condition will not
last more than 5G hours ar any one time and will not
total more than 400 hours per year. it s pum1551blc
to exceed the pressure rnrmi_, or the allowable stress
at the temporatute eaisting in the increased opuratmg
cendition by up o 20 percent.

f‘.pcr.ltmn%. tilc

302.2.3
Cond}tmus

Ratings at Junction of Different Service

When two  services that operate at different
pressurc-temperature cqnditions sre connected, the
valve secregating the two services shall be 1ated
far the more severe service condition, If the valve
v-\‘!‘opcmte at a reduced temperature due to its
rImoteness from a hivh temperature header or piece
Gt egipment, this ~alve and 1ts maung fanges may
te rau:d a¢ the reduced temperature provided the
matng flanues (or the valve, if there are no Hanges)
won withstad the hydrostatie tests rcqulrcd on
cich side of e walve. Piping on aither side of the

A0S 3V 530

2022075

be desioned for

of the service 1o whech 1t s conneceed.

valve, however, shall the condiuons.

302.3 Allowable Stresses and Other Stress Lamits

302.2.1 General

Appendix A contains allawable suresses (SE) m
tension for materials znd design streses (S} for hole
ing matertals which shull be used 1 design caleula-
tions unless modified by other provisons of this
Code. For materials not Jub;u.l to a spevified
quality or jomnt facror (E), the allowuble <rresses
) _l\ppcadl,\ A are numerically cqual to basic al
lowsble stresses {S) deterrmined in accurdance watn
the bases stated in 302370y, For these 1"‘1"“1’1“1
value of E s 1.0uand s not shown in the sTre
For certain castirgs, a casting qua
phed as defined 1n 302.3.3. For compCrents con-
taming longitudinal or spival welde, o Jcm. {actor, E,
1s anphcd as defsed i 302.3.4. For steels of struc-
tural grade. a qualiny factor, £, of
For bolung .h, the design strebses in Ap-
pendix A were derermined in wccordance with the
buscs staredin 302.3.2(a).

The tabulated allowable and design stresses are
sted

fu

U‘t\' mc:a;. k.. is ap.

0.57 is applicd.
matcr

grouped by mutetial and product form, and wic b
for stated rempeiatures up ro the limit provided

the muaterial i 323.2.1 Seraght hine in!crp(:L.uor.
between temperatures 15 permibsable. The rempera-

ture ntended s the design temperatuce, {See 30130

(a} Shear and Bearig: Allowabie stresses in
shear shall be 9.80 times the bauc allowalle
tenston derived from tabulated values in Appendix A
with Noie 16. Allowable stress in
bearing shall be 1.60 vimes the basic allowable siress
in tension.

© 302.3.2 Bases for Allowable Suesses’
The bases for establshuy design” stress
- N )
for bolung materals and allowable steess values
for other this Code are as follows:

stressin

in accotdance

values

matenals in

TThese bases are the sarae 25 those of ASME Code Section
VI, Dawision 2 ang m most cascs, the valuos o Arpendin A
below the creep sange are denrcal with corresponding
vaiucs pubh:hcd o chat Coge, They have been adyusted,
when necessery, for diticrences in Castng Quality Factors or
Long uuduni \\ui;d Joint Faciors, At the ‘s s cdttion
of B31.3 was prepar d, Secuom Vil Divdien 7 walues tor
the creep range had not vet been publisbed. Accardin 2, =t
temperatures above the range of the ables m Scetoa VI
Division 2, the valoes i Apgendix A, m most cass, Kate
been  based wvpon valacs r’\.SMF Cade Secuon VI,
Dinision 1. For teirgeratures he fanie \\n\'g thens
2r¢ vajues in Seccon VL Doveien -nd Jor st sl yruiae
Bicetions which are Tsred in 8313 bur wlneh are noy uared
i Scenon VilE Daawon 2, salues o Appendix A ot Zus F
and sbove are. 1 most cases. tae same of the valacs whidn

A Conii, o e s paye)
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{z) Bol: ng Materiale: Desipa strass values at
termpersture for bolung matenals shall not cxceed
the lowest of the following:

(1) 1/4 of the specified minimum tensile
scrength at room temperature. {3 cthe boliing ma
tenal is heat treated, see Note 1.)

(2) 1/4 of the *tensile strenpthe at teaperarure.”
{See Noie 2.) ‘

(3) 5/8 of the specificd minimum vield strength
st toom temperature, {ff the bolung material is heat
treated, see Note 1.)

(4) 5/8 of the “yicld suengrh at zemperature.”™
1See Note 2.)

bh) Other Materials: * Rasic allowable stress values
st temperature for msteiizls other thon balting mse
terials shall not eaceed the fuwesz of the following:

(1) /3 of the «pecficd minimum rensile
strength at room temperatuse,

(2) 1/3 of the “tenside strength ot tempera-
ture.” {See Note 2.)

{3) 2/3 of the specified minimum yicld serength
at room temperature.

(4) 273 of the “yicld strengil ac temperatuce™
{see Note 2), except that for zustenitic stainiess steels
and for certain of the nickel alloys. this factor may
pe as large as 90 percent (sce Notz 3) of the “yield
strength at temperature” {but never more than 2/3
of the specified minimum yield strength 2t room
temperature).

(5) 100 percent of the average stress for a
creep rate of 0.01 percent per 1000 hours,

(6) 67 percent of the average stress for rupture
at the end of 100,000 hours.

(7) 80 percent of the minimum stress fos
rupture at the end of 100,000 hours.

Note 1: For heat treated bolting materials the design
stress shall be further limized to the lower of
1/5 of the specified minimum tcnsilc strengith
at room temperature or 1/4 of the spcc;fx;:c
minimum yield strength at room tcmpcratuTc.

Note 2: For an unlisted material, the “tensile (or
yield) strength at temperature™ shall be

e

[’Conllrlu(‘:U

were in the 1966 edition of B31.3 for that marenal’spe.
c.ficanon, When Section VI, Division 2 values in the creep
tange are pubhshed and/or as elevated temperature me-
¢hanical property data on addictonil matenals become avaii-
abie to the ANSI B31.3 Scction Comnustee, addenda will be
1wsscd to complete the up-dateng of the tabjes in Appendin
A to these rewvised bascs.

YExcept cast and malleable iton.

9

derived by multiniving the average expected

tensile (o0 yield) st.m:th at temperature by
’oy the ratio of the specificd mimimum tensile
{v yicld) swengih At reom temperature to
the average expecicd tensile (or yield)
strengih at room wmperature,
Note 3 The use of these swess values (approaching
' 90 percent of vicld strength at temperature;
is net recommended for flanges of gasketed
jomnts or other applications where slight
arousts of deformution can cause leakage or
rualfinction. Where posabihty of such de-
formation is present, an allowable stress
value of aither 75 perceny of the allowable
stress listed in Appendix A or 2/3 of ex.
pected yield stength value as published m
ASME Scction VI, Division 2 should be
uscd.

302.3.3 Casting Quality Factor, E

{(2) General: The casting quality facrors (E) de-
fined herein shall be used for cast components ot
having pressure-temperature ratings estabhshed by
standards listed in-Table 326. Allowable stresses (S8
for cast materials listed 1 Appeadix A contain ap-
propriate factors, as noted.

(b) Basic Quality Factors: Static castings which
conform to basic requirements of the material spect-
fication and have rcceived a wvisual examination in
accordance with MSS SP-53 shali be assigned a basic
Casting Quahity Factor, E, of 0.80. Centrifugal
castings which conform to specification requircraents
only to the extent of chemical analysis, tensile, hy-
drostatic and flattening tests, and visaal examination
shall be assigned a basic Casting Quality Factor of
0.89.

(¢} Increased Quubty Factors: 1 all surfaces of
a castmg {static or centrifugal) are machined in ac-
cordance with Note 1 to Table 102.3 3C,the C \,astmg
Quality Factor may be increased bv 0.05. Casting,
quahty factors may also be mcrc:,,sca when supple-
rmentary cxaminations are performed on cach casting.
Table 302.3.3C stares the wcreased Casting Quality
Factors (E) which may be used for various combina-
tions of supplementary examinatian. Quality facrors
higher than those shown n Table 302.3.3C do nct
resule from combining tests 2a and 26, or 32 and
3b. in no case shall the quabity f3etor gxceed 1.00.

Severat of the specificatons hisjed in Appendix A
require machining of all sur{aces and/or one or more
of these supplementary examuations. In such cases,
the approprate incressed "L!J‘lt}r factor is shown in
the stress table and has been mrorpuau.d in the
tabulated allowable stresses for such matenals,
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Table 302.3.3C
inc:eased Casnng Ouallty Factors E

Supplcmcnmr) Examination ey
m Accordance WIth Note ',

0.85;
i 0.85
Vivadees i 10,95
0.96
1.00
1.00

R S O A S A
‘730T2b ...-n..ob-'v‘l/;-,-nnt'--- 3
Jaor.’ib.,:...

lnnn2(aorb) ...uA.otullc.llilltlll'Aul-
. land1(10rb) R

"(aorb).md3(.:urb).....................

3

Note 1t Muchiiie Al surf:\cu to'a fimsh of 250

Factor, £

micro- inches .\mhmcnn, Average rnughncqs ,

he xpht per ANS! B46. i this sncrczsm;,
the : mcnvcncss of suriﬂcc examination.

Note 2a:
nenic piaterial only) by the riagnetic _par-
HL]L

L109 of E138. judge acceptabm*v

l ac-

Examine all surfaros of cach 1.1stmg (m'w-‘«

mr‘rhqd in accotdlarice with - ASTM ,

cotd,mcc with MSS SP: 53 usm;_1 rcfcrcm.l. o

photos in ASTM 1"5

Note 2b:

' the liquid ‘penctrant . method. in accord-

_ ance with, ASTM L165: Juds,c accéptability
of fliws and weld :repairs in accordance
with Table 1 of MSS SP-53, using ASTM
E125 as a reference for surface flaws,

Note 3a: Fully examine ecach casting ultrasomcall}
in accordance with ASTM E114, accepting
2 casting only if there is no evidence of
depth of defects in excess of 5 percent of

wall thickness.

Note 3b: Fully mdnogaph cach casting in accordancg

with ASTM E142. Judge in° acco:dance'
with the stated acceptance levels in the

followmn standards. S

| Table 302.33C (3b)

. . . . Acccpth‘ncc Lo -
Matl or Alloy  Applicable Level Aceeptable -
Examined Standard  (or Class) MHscontinuities
“Stecl \'I, Vs o ‘,,‘,'““' -
(to 1" wWill)  ASTM E717 5 .21, . TypesA;B,C~
Steel \ ) ' . X )
(1" tc 2%) ASTM E71 2 -’ TypesA,B.C
Steel
(2"-4%") ASTM E186 2 Categorics A,B.C
Stee! , o
(4'9"-12")  ASTM E280 2 Catégories A Be
Alummum & ASTM E155 - Shown in refi !
Magncsiu'm . radiographs
Cnppcr Ni-Cu ASTM E272 2 Codes A, B4, Bb
Bronze ASTM EJi0 2 Codes Aand B

Examine all surﬁu‘s of anli casting by -

e

10

AMNSI 831 31473
30234

302.3.4 Weld Joint Factor, F

The joint factors, E. in Table 30"34 shall be
used for all lonmrud'nal or sp'ral wcl fed Jomts in
prcssurc-conrammb con:ponents. Anowable Stresses
(SE) for welded m:m.na]s hswd in, Appendw A con-

" tain the appropriate facwrs as lisced thctcm.

- Table 30234
Longitudinal & Spiral Wald Joint Factors, E

Type of Jont * Factor “E™

1. Furnace Bute Wcld .
0.60

4. Butt Weld
b.Lap Weld 0.75
. Electetc Resistance Weld & Elcctric Flash Wcld 0.85
3, Arcor Gas Weld
_a. Spiral Weld, ASTM A211 T 075
b, Suigle butt weld. straight scam 0.80
¢ Double butt weld, including muliiple . . U
p.:ss welds made i in one npcr.mnn straight ..
of spiral scam 0.85
d. Butr weld cxamlmd usmb spot radlo,;raphy
in dccordance mth 336.6.1 N 0.90
¢. Butt weld examined using 10 pu rcuu: "
radiography tn ac: sardance with 336.4, 5(2)(2)
and conforming with requircments of . .
1.00

327.4.3

302.3.5 an's af Calculated Stresses Due 10
Sust.zmed Lodds and Dlsplnccmmz: S%rams

{a) Frternal Pressure Siresses: Stresscs due to
internal pressure shall be consxdcre s‘..e when the
wall thickness, of the piping component and its
m(..-ms of rcmforcement (if- dny) mcct the require-
ments of 304, T

(b) .External Pressure Stresses:, $tresses dué to
cktcrnal prcssurc slml1 bc cnnsxdercd, Snff-' whﬂn t‘u.
of stiffening, meet the rcquxrcnwms of 304 .

{c) Longitudinal Stresses 1Sy %: Tk ie sum ot longi-
tuainal® siresses due to pressurc, .vqum and other

-SLJralncd loadings (5[ ) shall not e\r..cd .Jt, Y d' b

low. Thickness of pipe used in cnlcql ting St ‘shail
not include allowances covered in 302.4.°

(dY Allowable Stress Runge for Displ.cément
Stresses (54 ) The allowable stress range {see 319.2.3)
for dlsplaccmcn. stress §) (see 319.4.4) shall kbe:

S4 =f(1.255. =258 )eiaeenn. (1
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In the above equation:

Basic allowable stress tur the material ar mini-
mum mecal temperatuie expecred during the
displacement eycle under analvsis, psi. /See
NOI(‘ 16 of Appcmh\ A) (Sce sl 302,24 and

302.3.)

Bauc allowable stre.s for the material at maxi

i
=~
o

mum metal temperatare eapecied during the
displacement evede under analy<s, psic {See
MNote 16 of Appendin AL} (Sce also 302.2.4 and
302.3,

= Stress ranpe for evelic cone

reducsion faceur

divancl for total wu=tor of Al wopene
cycles? over expected Bie frowa Table 302 3.5
Table 3G52.3.5
tress-Range Reduciion Factors {f)

Crchon (N !
OO0 eSSy v vieneenercoarronsreaneanssse 10
00014000, ., 0. osnsanorsoscnarsacsss OO
1400010 22000, st e vvnnrenannrnsecaneosnerea. 8

22,000 10 45,000, , .,
45,000 s 100,000, . 0.0
Over 100000, .o v st vevsnscorsenascnsnasnass 05

.
.
e
.
B
.
.
.
o

TApphies to casentilly noncworrodid piping Cosrosian can
sharply decraase oycdic hite,therctore, corraston resivtent g
teraly should be used where o large number of major steoss
cycivs s anticipated,

2f the range of wmperatuse change vanes, eguivalent full
temperature LyLlu N, tnay be cnmpuud tram l%u. cquatip:
N =N +r N, +r° N, ...,r“f\,,.

Wl\CfC;

number  of cyeles of full  tewperature
change, A7y, for which displacement stress,

Ny,

S has been caleulated,

N, M. .. Ny 3 number of cyces of lusser temperature

change AT, &1,.... AT,

= AT AT g AT AT o AT AT = catios
of any lesser teinperature cycle to that for
which §;; has been calevlated,

Fia?3 000y

Yy oeapected life s meant total number o
Cears dusing which system s expected to e
i active operation.

When §;, is greater than ;. the difference be.
eween them may be added to the term €.25 Sy in
Equation 1. In that case. the ailowable stress ranze 15

Sa = 102508 TS =St e, (20

302.2.6 Limits of colcalated Stresses Due to
flecasioned {oads

ta)y Opercnion: The sum of the longitudingi sticss-
es due o ptc:sur... weight, and other sustaiaed loas-
wezs (8, 3 and of the stresces nroduced by cooasionad
taads such as wind or carth Guane May bv. as much
as 1.33 tmes the ailowable stress given in Arpendin
A. except for those matenals where d”O\.\d"!C SLECSS
values exceed Z/3 of wield the
allowable stress walae has been veduced as <pcc:.lccz
in Note 310 302.3.2:b). Wind ard carthguake forces
need not be cunsidered as wsting ‘_omurnnc! .

{b) Test: Strcwses due to test conditions are ne:
subjuct 1o the limitations m 302.3. It1s not necessan
to consider other occautonal loads, such as wind and

carthquake, as occurnng concurrently with test loads.

strenygths unicss

302.4 Allowances

In derermining the murimum regquired thichncss of
a piping component. allowances shall be mcluded
for the corrosion, crosion and thread J'-p(h Y

grouve depth. See definition for “¢™ in 304.1.140,.

302.4.1 Mechanical Strewsth

When nccessary, the pipe \\/.!‘ll tichness shall be
increased to prevent oversiress, damage, colliose, or
buchling due 0 superamposed louds from supports,
icc formation, backfill. or other caunses, Where in-
creasing the thickness would cause excessive local
stresses of is otherwise impracticable, the required
strength may bé obtained thyourh additonadd sup-
ports, biaces, or other means without an increased
wall thichness, s

Particular consideration should be given to the
mechamical strength of sinal r»i?c connections o
piping or equiptment. | 304.5.201)]
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PETROLEUM REFINERY PIPING - : _ 303
PART 2: PRESS URE DESIGN OF PIPING . P = internal design prcssurc puig, {see 301.2)
o - COMPONENTS ' ),\ P, "= external dcsxbn pressure, psic “seg 301,2)

s

o 'Do = outsndc diameter ofpxpc inches

»

303 GENERAL L i N |

K N C VS SE = g : 3 A A. {See also

(”omponcnrr. manuf,nctun.d m accord.mcc, with the ~77 2% ;é‘;“;?}:d ;t(;';q 4?;51 ppenisix e

standards listed in. Tablc 326.1 shall be considered 5 )

suitable for use ac the prcmlru temperature ratings - e 8% basic alowable stress for materials exciud-
ing quality ‘or joint factors..

‘in accordance with 302 2. The roles jn 304 uau.xlly‘l‘

are for” the pressure dLSIgn of componcnts nodr cov- T E = joint efficiency or quah”" facter. Applied
ered in 302.2 but may be used for a' more nborous\, e oS as rcqum.d (Sec 302.3.3 and 302. 3.4
or tpecial design of componcntsxcoxcrugl in'302.2, Y = cocfﬁcu.nt ha\'mg values as g!vcn in Table

The designs shall \be checked’ for.*-udcquacy of me- 304.1.1 for materials indicated.
chanical atrcnbrh under apphc.xblc !oadmgs as gwcn oo ,

by

in 301 S e ’ ' o - , :
T ,n.:';r.’ [ .. Table 304.1.9
304 PRESS'IRE DESIGN OF COMPONENTS® . """ Values of Coefficient ¥
. . : oy :‘ SRR ‘ Co . . ',“ : )
3041 StraightPipe .~ o ind T ”Tcmpcraturc'\ 900 & . 1150 &
304.1.1 Generad f T o s Degrees F oo bclow 950 1000 1050 1100 above
(a) The n.qux.c:u :!’uc’ ness of stralcht nccnon of . UFermme DU ‘“f," S e .
pipe shuil ctermined m ac«‘ordance w-th Equa- Steels © ., 0 4 0657 .07 -07 07 0.7
tion 3. . . s “A , »tﬂ s e < « Austenitic ’ ' “f b ST
e O siedls 04 - 04 04T 04 05 07
. . : “ "' K '“‘Cns!lron ' 0.0‘ - - - - -
Thc minimum tlnckncss for the plpc sclcctcd con- i Non-Ferrous o 4
sidering manufacturcr s mmua tolcrancc sh;ul not be - Metals \ 0.4 - - L - -
s ' . ] ’ e N
less than ¢, . ; Coe oy ".‘ AU P L
(b) The notations dESCHbLQ below: dre ‘used’ :nx,ﬂ mh e ) . ‘
‘ the cquanons for pressure dcs:g,n ofstr.ngnt pzpc. s h © 304.1.2 Straight. P:pe Under Inrem.zlPresmre

a T 1o
tpi- = mininum required thxckncss in incires, ‘nclyd-" : "~ (@) For metalhc’ pipe, the m“‘”“l. Pressure oo

2" -ing .mechanicaly corroszon “and crosion, allown_{’ sign thnckness \t) shall be rot less than cal leulazed
SR . by the followmg Equation 4, if ¢ is {ess than Do!4:

ances, . a4 S . .
t prcssurc design thickness in. 'ihches as cnlculatcd f,s' 'r - ’RD(, (= Pd 4
(in 0304.1.2 for internal " rpressure, -or in ac-' - ISE - PY) or r= ASE+PY-py ot )
‘j cordance with Lhc=proccdurc listed in 304.1.3° ‘ - CoE

-

; <NOTE. The following equations are {more conserva-

“tive rhan Equanon 4 but may. be used mstead

~ for external pressure, inches. -
€ w—(thc sam in mchcs of the mechanical allowances PRI

'
<. (thread dcpth or. groove depth) plus corrbsion K -’«,?;:.,“,'n.x\]) Bar!aw Equanon. s J'J'J . o

- l'»’ ~and erosion allowances. “For «thrc.ldcd o= o T o I ,’i

poncnts the nomm al thread dcpth shall apply. . {w’:.;,f:’{ ,,__ PD, Pd ) "

For machined surfaces or grooves, where the " L. | 25E T 2’3[' Pl L -

._tolcrance. is not s,:ccxﬁcd the tolerance shall * <. :x 7) Lame Lquanon' ol
"be assumed to be, 0.02"inch in addition to thefﬁ.'f*} Sk S
specified depth, of'd:c cut, . o s Y O SEP \ .

o 2\ "VsEer)
d = the design inside diameter of the pipe, inches,

This diameter s the lavgest inside dismeter
which will be allowed to renmin in service,
This is after all allowances for “corrosion or
crosicn, manufacturers tolerance, and any al-
lowange required for the «depth of internal
threads or grooves have been removed from 304.1.3 Straight Pipe Under £rn.r1.11 Pressure
the pipe. The pressure dcsnen thickness., r, Fu. stratght oipe

L) Pipe with ¢ equal to or svrcutqr*fh.me\"J or
PISE greater. than 0.6, requires specizl consideranion,
taking into account design and ma'cy al factarssoch
as theory of failure, fariguc and thezmal stresses,
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vraer external pressure shall be determined in ac-
c-dance wath paragraph UG-28 of Section VI,
D .00 1. of the ASME Dusler and Presture Vessl
Code.

304.1.4 Suffencr Rings for Pipe Under Externad
Pressure

Where the use of stiffuners is indicated, the de-
o.noshall be 1 accosd with pasageaph UG-29 and
UG-30 of Sccuan Vil Divivion @, of the ASME
Boer and Pressure Vessel Corde,

304.2 Curnved and Mires

304.2.1 £1pe Beards
ln" minnmum le]uHL(. ”s’(_knr 88 {)f a ’)l‘(‘ (‘)C"Id

ed Segments of Pipe

st vending, shall be dewermineg as for raight
Pire tn wceordunce with .; 4 i Bends shall meet the
A

h...‘nmw him:cations of 309 1 athicrwise, the ri#swn

regoirements of 304.7 s mh apply,

304.2.2 Flbows
\Manu zcrun.d clbows not covered by 302.2 shall
meet the requiremnenrts of 304.7.

304.2.3 SMieer Boends
The thickness of a segmrent of o miiter berd shali
¢ etermined 1 accordance with 304.1. The required

5

th.oxness thus deterimmed does not allow for the
diszonttnuity stresses which cexist at the junction
bezwcon segments, The disconatinuity stresses are
rcd.ced for a given miter bend as the number of seg:
meats s increased. These stresses may be neglected
icrmiter bends in nonflammable. nontoxic, noncyclic
seices at pressures of 100 psn;: and under. Miter
berds to be used in odher services or at higher pres
sures shall mect the requircmests of 304.7.

304.3 Branch Coancctions

304.3.1 General

This subdivision gives rules governang the design
of ranch connections mude using methods listed 1n
{a; through ‘e) below. Subject to limitations in
Parzs 3 and 4 of this Chapter and fabrication re-
quirements in Chapter V, t!ncv arc suitable for in-
ternal and external design pressute as defined in
361.2. where the .mglc botween the axes of the
tanch and of the run s between 45 and 90 degrees,

Acceptable methods {or making Urunch cornee-

U‘

tions include:

"2t Use of fittings {tees, cx
crosses). :
5) Use of welding outlet fittings, inciuding cast or
forgzd nozzles. couplings not over 3 inches pipe size,
4nc °~"‘r ters or sunilar ttems h.wm" butt-we id‘i\g.
sochet-welding, threaded. or flanged cnds for attach-
mesnt of the branch pipe to the run pipe.

truded outlets, latcrals,

13
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~
[R)

(e} Wolding the branch pipe directly to the run
p;pe satl, o without remiorcement, as shewn 1o
detsils of branch connecuons in Chapier V. [Sce aise
{d} below] ‘
(d) Atl’dt“;ﬁng the branch pipe directly to the run
pe by sochet w-‘ldm\, where:
(1} the branch is normal to the run pipe: and

-ﬂ

{2) the nominat size of the brandh docs not
enceed 2 daches o enc-fourth the nominal size of
the run whichever 1s lessiand,

(35 the depth of the socker wn the run s ar
least 3/8 in. decp with o munimum
/16 in. between the bottom of the sochet and o -
mside diamecter of the run pipe. oveld meral may be

sheulde 4
spouncer Ol

deposited on the run pipe o provide the reguired
sochet depth and to provide any reinforcement re-
quired by 304.3.3}: and

{4) the size of the filler weld is not fess than
1.25 umcs thc nominal branch wall tuckness: anu

(5) the branch conncction is to be used u“.}
s nonﬂammaole. nontoaic senice oelow 150 psig
and 40C F.

(#) Threading the branch pipe directiy to the run
pipe, where:

(1) the branch is normal to the run pipe: and

{2) the nominal size of the branch does not
exceed 2 inches or onc-fourth the nominal size of
the run, whichever is less: and.

{3) minimum thread engazement s 6 full
threads for 1/2 in. and 3/4 in. br.mcncs 7 for 1in.
and 1% in. branches, and 8 for 2 in. branches: fweld
mctal may be dcposnm on the run pipe 1o 'Jrovic"u
sufficient thickness for the requiree thread enguge-
ment and to provide any ieinfurcentent r(‘q..lred oy
304.3.3); and :

{4) the linc is to be uxcd only in nontlam-
mable and nontoxic scn'xccs below 150 psig and
400 F.

Such threaded connccrions must be checked for
adequucy of reinfocement in accordance with the
rules in 304.3.3, and n intarpreting 304.3.3 for
branches threaded directly 1nto the riin pipe. no part
of the branch pipe mav be counted in calculating the
remnforcement arca. The value of d shall be tahen as
the nominael sutuide diameter of the Franch pipe and
equals D,y .

304.3.2 Strength of Bruuch Conngetions
A pipe having « hranch connection is weakened
by the opening that most be made m it, and unless
the wall thickness of ine p'pc s sufficics atly in excess
ain the pressare, it is neces-
saty to provide rtein f ement. The mimcunt of re-
iforcement required to sustaln the pressure shail
be determined in sccordance with 304.3.3,

Of Eh.l[ l’L!qL'erd Lo »as
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There are, however, cectain bran nch’ ‘.onn ctions
which kave .lmquuuwtrcngthnor reinforcement as
constructed. It may (B¢ dssumied Without calculation
that a branch -connection has adcquatc strength to
sustain the internal and ex tcnml pressure,which will
- be applied to irifs ,}

(a) The. brancl 'l!,C\,'lﬂCCthn uuhzcs a fntmg (2
tee, hu cml or cross) in accmrdmcc with 3C02.2.1 or
302.2.2.°A ﬁttmg made in acéordunce thh a listed
standard under which fitrings are furnished to nom.
inal pipe thickness shall have at least the thickness
requited for seamless pipe in the same service.

{b) The bianch. connection is unade by weld-
ing a threeded or so"kct \*'clumg rouplmg, or half
coupling directly” to the run pipe, using an ap-;
propriate type of rmmmurq size weld . {sce Chaptcr
V) and the size ox ‘the, branch® does not exceed
2 inches pipe size \ndr " onc-fourth - the nominal
diameter of the zan. The 9*1nim.1m wall' thicknes.
of the coupling ..nywhcrc in. the 'reinforcement
zone (if threads are ‘in\ zone, wall' is. from oot of

“thread to minimuem OD) shalltbe nit lcss than that

of the unthreaded’ br;mcn pp ‘ ln)no case shail a
coupling " or half couglmﬂ have @’ rating less’ than
- 3000 b, .

(¢} The branch connection 'is made by wcldmg
an uncgr.zlly ‘reinforced” branéh connection -fitting
(having a threaded;: socket, oF butt- weld outlet) fo

the main pipe, provided the fitting is made from' .
materials listed in Appendix A,'and prov:dcd it has

bccn demonstrated’ by full- scale mtcrnal pressure
tests._or other incans dcscnbcd in/ 3047 that the
welded-in branch fitting i is at lcast as strong as the
main or, branch pipes.

NN

304.3.3 Rezufarccmem qf Wculcd and, Extruded
Connections 0 e -

Additianal rcmforce\ncnt is rcquxrcd when it is
not provided mm.rcmly in the compo'zcms. of thc
branch: conncction. This paragraphgives rules. gov--
erning  the pressure design of such 'branch con:
ncctions fpr cases where: the anglc\‘b"twc n the
axes of the branch!and of the run s betwe en 45
90 degrees, inclusive) ©, - .

(a) Notarion. The, notations de ribcd below
are used in the pressurc design.of welded branch con-
nections, The neciations. are 'lllustratcd in Fig.
304.3.3A. Note the use.of subscnpts b for branch
and h for run or header, Note also that Fig. 304,3. 34
docs not indicate cc:.uls for construction or wddmcr

4

i

smaller angle betwccn axes of branch and ruy,
degrees. '

i} -

subseript rc{crrmg to branch.

o~
"

[
4]

surn of mechanical allowances, inches. (See

304.1.1)

ANSI B31 31873
4.3.3

d .= the design inside diameter of the pipe. inches.

(See 304.1.1)
dy = effective length removed from run pipe. inches.
= (Do@,-&\lb -¢)] + sinfl

D, = outsxdc diameter of pipe, inches,

dy = “half width" of remforcher‘t zane, inches,

= d. or [(T}, - c) {Th = ¢) + d§2] whichever
is greater, but in any case not more than D,j,.

h = subscript referring to run or header.

Ly = hexgnt of rcxn*or\.(.mcm zone outside of run
pipe, ifiches,
= 25(Th = ¢) or 2. {Tb -¢)+
lcss::r

te. whichever is

y = nommal thickness of reinforcing ging or saddle.
inches, made from plate.

= minimum thickness -of reinforcing ring or
saddle, inches, madé-from pipe.

= 0, if chere is no ycmforccmcn: pad or saddle.
T = acrual thickness of pipe. inches (by actual
measurement, .or minimum thickness parmis,

sible under purchase specificitior).

T = nominal thickness of pipe, inches. .
t = pressure dumgn thickness of pipe in inches
accordmg to the' appropnate =l chickness
. equqnon or proccdurc in 304.1. For welded
pipe, when the branch does not intersect the
longvudmai weid of the rL.n. the basic al-
lowable stress, §, for the pipe \lsee Appendix A,
Note 16). may be used in deternnining ty for the
purpose of 'reinforcement cdlculation only.
When the branch does intersect the longic mm.xl
weld of ‘the run, the allowabje stress, S£. of
the run pipe shall be used in'the caleulinen,
The allo\ vable stress, SE, of :h? branch shall be

~used in c..lculanng .

(b) Reguired Area, A,. The required area for
branch .connections under internal pressure eguals
(¢1,dy) {2 = sin 3), The reinforcement r:c; required {or
branch connections uadér external' pressure is 1/2

C(pdy ¥ (2 - sinJB) Ti"c dcsmn must meecs the crirerion

that the reinforcement area de fined iz (cj below is

" “not less than the required area.

(e} Remforcement Area. The reinforcement arca
shall be the sum of areas Ay A3+ A5 as detined
below.

(1) Area A; ~— the area lying withia the re-
infercement zone resulting from any excess thick-
ness avsilable in the run wall.

=(2dy~d;] (Th“l? =€)
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2) Area 4y — the arca lying within the .
inforzement zone resulting from any encess thiche
ness avatiable in the branch wall.

Ay =2Ls (T} =ty =)

3} Area Aq — the arca of all other metal
with = the reinforcement zoue Jdedmed w 304.3.3(d}]
prov.Zed by weld metal and other remforcement
meziz. properly attached to the run er branch, In
€OmiL ~TNg arcus of weld Fl‘:‘&_‘f.l] deposits, the minunum

imensions regqaired by Chapter Voshall be used unless

2.

0.

siinite procedure s employed fo sstruer the

to provide specific larger dimensions, in

which case the latter dunensions wmay be used in
caiculations,
Pornions of the reinforcenent ares may be

comrased of materials other than those of the cun
pire 2ut if the allowable stress of these materials (see
302 3.1 and Appendin A, Table 17 s less than that
for e run pipe, the corresponding culeulated arca
mus: e reduced 1n the rato of the allowable stress
bei~c counted toward the reinforcement arca, No ad-
diticmel credit shall be whrn for matenals having
higher allowable stress values than the run pipe.

3 Remforcmnen: Zone, The reinforcement zone
1s 2 paraliclogram whose length shall extend a divtance
ds ca each sxdc of the centerline of the branch 9spr:
and whose width shall szart at the mside sorface of
the run pipe (in its corroded condition) and externd to
a distance La from the ourside'surface of the run pipe
mea:sred perpendicular to this outside surface. |Sec
304.3.3(¢)(3)].

‘el Renforcement of Multiple Gpenings, When
any two or more adjacent ‘openings are so closely
spaced that their reinforcement zones overlap, the
two or mare opemings shall be reinforced in ac-
cordance with 304.3.3(b) with a combined rein-
forcement that has an arca cqual to that required
for tne scparate openings. No portion of the cross
section shall be considered as applying to more than
one opening, or be cvaluated more than once in a
combined area.

VWhen two ar more openings are to be provided
with a combined remnforcement, the mmimum dis-
tance between centers of any two of these openings
shouaid preferably be at least 1'% times the average
diamzser. and the area of reinforcement between
them shall be ar feast cqual 10 50 percent of the tnial
required for these two openings.

33 qus and Saddles. Additional reinforcement
provided in the form of rings or saddles shall be of
reasonacly constant width,

‘g) Extruded Outlet Headers

.\hD‘-'!I prinuhicx Or u’L‘H\{L)TCCZ‘(ICH“: AT

My Tre
ewentially appheable w exoruded vatder dicadere,
An entruced outler header o dofined as o header in
whizh the ouriet is dic for dies)
which controls the radii of the extrusion, The ex-
rruded hyp st the outlet has o height sbove the
surface of the run which is equal to or greater thun

! contourca

\nUdL‘\l ”"'”'S

the radius of curvature of the exrerna
porsion of the vutlet, e, hiy 2 ry. (Sce notation and
Fig. 304.3.38).

{2} When the desi vn meets the limitations on
geometry oathined bviow he rules herein estabhshed
are vabid, These rules cover minimam requuements
and are designed to assure
of extruded outiet haa
These rules apoly only to caces where the axis of
the outlet mterscets and is perpendicular to the anis
of the run. These rules do not apply to any nozzle
aomntegral matenial is applied

satisfactory performuance
dees subjected to pressure

in waich additional
in the form of rings. pads or saddles.

{3) Netation: The notation used heicin wie
illustrated in Fig, 304.3.3B. Note the use of suu-
script x for extruded. Refer to 304.3. 3(a) for nota-
tions not listed here.

d, = the design inside diameter of the extruded out-
let, inches. measured ai the level of the outside
surfacc of the run.

c’l = !‘!(.';W]HI off.hc !:.\r.'udcd Ol‘ltict, inches. Thiﬁ must
X o
b(: < U-’l! tO Or greaier than r. {CXCCDL ax ShOLVT‘w
5 X v

in Deeatl b in Fig, 304.3.3B).
Ls = height of reinforcement zone, inches

= 0.7V(Dop1 (Tx)

Ty = carroded finished thickness of ¢xtruded outict
,

measured at « height equal 1g 7, above ihe
ontside surface of the run, inches.

d, = half width of reinforcement zonz, inches (equal
j
tod,).

ry = radius of curature of exrernal contoured por-

tion of outlet measured o thc plane contaming

inches, This
15 subject to the follnwing limitagions:

Radius, Thas
be less than 0.05 Dy except
duamciers larger than 30 inches it nced not ex-
ceed 1.50 inches. ’

b) Maximum Radius, For outler pipe sizes
% inches nommal and larger, this dungesion shall nex
exceed 0.10 D, + 0.30 ncies. For oudet pipe
si cs less t