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lCo::les [ iSpeciﬁZationsl I R.P| |Gui.des| | Metiqods l [ CodelCases ‘ [Interpr.etatioﬂ 'Eata‘
Lecommended
Proctice

= « Guide 4 Specification 4 Standard , Code i)l o\ o )les Jga> ;s AWS CC-RM D11 5 lssleat gillas
o cv\.;‘ J..o
A Code is "a body of lows"; as of a nation, state or industry group; arranged systematically for ease of

use and reference; Example included AWS D1.1, APl 1104, ASME Sec VIII, MIL Spec 248D.
winaal 08 gty Akl S5latonn alay ool HAHBNEY Sl S sl psilB s il 1S

A Standard is "established for use as a 'rule' or basis of comparison in measuring quality, quantity,
content, relative value, etc. " ASTM Standards for various products such as ASTM A36 for weldable
structural steels, is an example.

S PP JYPIESIEIC JOWK JPITFIC 23)  JE W= SOV ES N BRI PR L RYIREE

A Specification is "a detailed description of parts of a whole; a statement or enumeration of
particulars as to actual or required quality, size, etc." AWS Filler Metal Specifications A5.1 through
A5.31 are examples.
i s sl 5 590 U (oaBly oS bl polic g ojled L g acgame SO 5l ide G 0l3je 5 Specification
S5, oo ks Slasie ol  AWS AS.1 - AS5.31

A Guide (Self-explanatory) is a document of the same class; AWS B1.11 Guide for the Visual
Examination of Welds, is an example.
sl g god oy3b 4 by e AWS BT Guide Jlio ojlgin .ol alina 85, 51 S 00 « Guide

Codes & Specifications m

Codes and specifications are similar types of
standards that use the verbs shall and will to
indicate the mandatory use of certain materials
or actions, or both. Codes differ from specifica-
tions in that their use is mandated with the force
of law by onc or more governmental jurisdic-
tions. The use of specifications becomes manda-
tory only when they arc referenced by codes or
contractural documents.

AWS WHB 5 CH-6 .l Specification g o5 e 5 1) J52
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RP (Recommended Practice) m

093 solgiing o iy, AWS=RP C5.5 (GTAW) s gl a0 .ol s laslin] 545 Soloinn lpdg, Juls iy oyl
o) Jolye plos JolS g e &y90 4 AWS okl solgiiny (o5, ol 50 o GTAW Ui, o) Kbgz sl cansl o bl
plaxil g WPS ags o olgne RP il 4y g4, b a5 cl ools il 1, piY Oblpiicn Jolie pled ;o 5. el onls aobs mosgi g,
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Code Cases m

g 9 St At Abgyye aLaS lagi a5 Conl (3Rl Guilsh ai 5 ogzge Dl 5Re g (lsE (5l lit LaCode Case
255 as>l e ASME Sec VIII Div.1App.16-1 (b) s luilisl & eCode Case g 5 sl ailos Glg> 5 g

fb) Code Cases may be issued by the Commitree
when the need is wgent. Code Cases clanfy the intent
of existing Code requirements or provide alternative
requirements. Code Cases are written as a question and
reply and are usually intended ro be mcorporated into
the Code at a later date. Code mterpretations provide
the meaning of or the intent of existing rules i the
Code and are also presented as a question and a reply.
Both Code Cases and Code mterpretations are published
by the Commuittee.

ASME Sec VIII Div.1App.16-1 (b) 5L Code Cases iy, Y <o

bz’
Inter[;retﬁ)n |
S lid 1 Wl ol 4 T oo iy Y9 50 5Ty ) Sl e g oais Bld s lailiul )3 Glid &g o Slegdge
09> 4 olital asle Interpretation ay sl ool soii o za5g 4 0 lailiwl 055 50 OVlgw LB () 05d o iy
el 3l
3 sz LTS Jlgs ol e by ol pdlSol alg) 51 yule s a5 o0ts a8 evlo & ASME B31L1 5 laitiad o o) Jlie
el 00y 0w Interpretation B31.1 25y ;0 13 L o5 eolina! jule (g5l 50,5 S jd (5lp algd

B31.1 Interpretations No. 31

Interpretation: 31-1

Subject: B31.1, Para. 104.3.3 (C), Miter Bends for Low Pressure Steam Pipe
Date Issued: July 15, 1967

File: B31-96-028

Question (1} Does ASME B31.1 permit the use of miter joints for steam services?

Reply (1): Yes, provided the rules of paras. 104.3.3(C) and 104.7 are mel

ASME B31.1 Interpretation ¥ <.
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$lp eSS plae 4 Sledie jelay a5 aea Hleo bl &8ly jo 0 goloinn Jlos glody, g Loenloal, LRP 3 Guide
Bas Sgidue oolaiul ;i May g Should Jre SLIS ) solerin clod, s Lw__mb onl 5o il o olpriny eusS esliul
ol 05 &y 5l i S b g oS cgle, 1y oS @l e s sl wily saisS solinul b azies bn Code ols iseel Guide
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Guides and recommended praclices are
standards that are offered primarily as aids to the
user, They use verbs such as should and may
because their use is usually dptional. However, if
these documents are referenced by codes or con-
tractural agreements, their use may become
mandatory. If the codes or agreements contain
non-mandatory sections or appendices, the use
of referenced guides or recommended practices is
at the user’s discretion. ]

AWS WHB 5 CH.6 s RP ; Guide o, s :f s

Erratam
5 Sz ol glehals Bl 11, 0ud o o laitind Toaoma g)uu os & Jay,, S @MJ o b;ul,, e W

Ol aslazul 5 j5e o bt Pdlol 4y o aoldale ;A_aL.‘)s Lame A Wilwd f'}J.A 4_109__,}.0 3, lasle! LSLD oS solarul ¢ aslidale

ASME )5 &ljgimws glgil
aies 1,2V p3Y ol jgiws 435501 : Mandatory
Al golgiing (1S a8 Cawnilygiws - Nonmandatory ¥

j(f" o luibiw! sl

o 5l eolital wola 20, 5 ole & 5l dmy 5 0,55 oo Addenda Jlo o wsiee Glilns LSy Jlo 4w ,» ASME Codes

255 Jloel aily w2l o Lae 4 a5 Errata glizal 4 055 0 Mandatory
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Generally, AP standards are reviewed and revised, reaffirmed, or withdrawn at least every
five years. Sometimes a one-time extension of up to two years will be added to this review
cycle. This publication will no %:mm,r be in effect five years afler its publication date as an
operative API standard or, where ar &xehsion has been granted, upon republication. Status
of the publication can be dxt{:{”d“{ed from the API Authoring Deparaneut [telephone (202)
682-8000]. A catzlog of API publications and materials is published Lmnu:dl) and updated

auarterly by AP, 1220 1. Street, N.W.., Washington, D.C. 20005. N\*)
¥ API 510 Special Note & sz
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Products covered by codes a;adb;faﬁéards of various organizations
ASME
NRPVi
Product AAR AASHTO ABS AISC APl AREA UBPVLS ASTM AWS AWWA FED PFl SAE
Base metals X X X X X X
Bridges ' X X X ' X X
Buildings X X
Construction cquipuent X X X
Cranes X
Filler metals X X X X X
Machine tools X
Military equipment X
Power generation equipment X X X
Piping X X X X X X X
Presses X
Pressure vessels X X X
Railway cquipment X X X
Shect metal fabrication X
Ships X X X
Storage tanks X X X
Structures, peneral X X
Vehicles X X X

AWS WHB-5 CH-6 # Js.s

API
- APIStd. 620: (15 psi) JLzd o5 ol 0,33 5l cslu s il
- API Std. 650: (s omail gl 033 o550 o3l o, lailel
- APIStd. 653: (lo,3d 5l yeens o lasbosl
- APIStd. 5101 scceess eggpur 10 a5 6 L2 Cov 5500 (5 gy e o, liliwl
- APIStd. 570: siien gy j0 a5 25 alg) lpotnn juoniy owyib
- API Spec. 5L: dJy) eslu o, lailel
- APIStd. 1104: dy bgks
- APIRP 1107: dy) bobs s gy yons
- APIRP 1110: cis sbo algd byl codg,am

- AWS A24: 5 Sage wike
- AWS A33: s clodlhas il

- AWS D3.0: U ) 6 Sgr Sy
- AWS AS.1-A531: [Ls ol clocsys
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AWS (WHB-1) = (WHB-5): 6.2 5 (5 S5 calin sl )y lonpogs
AWS D1.1: 35 slo ojlus

AWS D1.2: _agiagll sl o5l

AWS D1.5: L,

ASME Sec. Il Part A: _al JU

ASME Sec. I Part B: _al ;& L%

ASME Sec. Il Part C: ,Ls

ASME Sec. II Part D: slge o5

ASME Sec. VIII : jled e )5 c3ln g ok

ASME Sec. IX : 55 s g 5,552 opiled

ASME B31.3: sxio i85 dy) (slpaimmm

ASME B36.10M: w8 sla gl solal Slasin

ASME B36.19M: Lol Gubiisl slo alg) golul Slasin

ASME B16.5: 7l Y B VY o 5l o¥lasl g b gels (golasl Slaseis
ASME B16.47: zul 5+ b Y8 nlo jl oVlail g b zls sobul Slasis

S oo il e 03l ape e 05 sloo lailial 51 s (sl oo laibial 51 odan
ASME Sec. I1 (Material)
ASME Sec. V (NDT)
ASME Sec. IX (Welding and Brazing)
ASTM (Material and Methods)
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ASME \))‘JJL;.M‘ 0)5.0 )Q (\
39y 22 el L_.J.m A yite b PRVY sl Y20 B VA0 Jlo 5l Jlw Ve ae o (Civil War) IS .l sl Kl
ol anS Olleail cpl Sl sl e LB VE e g0 5. S
£3Y el G el VLT o Jb dsl (gl a5 azdgi VA0V Lo po cewgzlule bl 50 Shgy (>lhb & bgi e ouilsd ol
o Yl
o1 Section sl s sl Lid o 36w 5 )Bu b lisy 51 syl 0y wilos (b (sl o il ol
sldlo 5o ke aSection ;.o &) ezl 4 a0l 6l V40 Jlo 4,58 10 4o Section [ (Power Boiler) s
Section LIl — Locomotive Boilers 1921
Section IV — Miniature Boilers 1922
Section VI — Heating Boilers 1923
Section I — Material 1924
Section VIII — Unfired Pressure Vessels 1925
Section VII — Care and use of Boilers 1926
ASME Sec VIII s laitat 32X

9l o > Division aw ;0 ASME Sec VIIT s it

e Sec VIII Div 1 : For up to 3000 psi
e Sec VIII Div 2 : For up to 10000 psi
e Sec VIII Div 3 : For upper than 10000 psi (High Pressure Vessel)

Jlacgerme ¥ g dcgomme ,u5 ¥ Jold aS ol lid oo il >k as bgy e ASME Sec. VII Div.] s ot
o aab Lall By, > L Nonmandatory sleAppendix ,o,les L Mandatory sAppendix .colsAppendix
IRV PRW

3l ey iy o 355 0 Appendix 16 5 (Q.C. Plan) e a5, 55 asy) 955050 Appendix 10 Jlea lsie
ol 0,5 ey s0lpiiin slod 3550 0 APpEndix R 5 asae 13 Last o) p5Y ledlbl ASME

il oy (6,l38L6 Subsection C . Subsection B . Subsection A )lyie o s dcgose s
il o 1) )lid coxi )5l ded gl a2l g oY Ll U5 a5 el UG o), el :Subsection A
el Glize slgdy, ozl ol g a3Y dalys &5 a5 el UB WUF UW slys )b Jelss asgamay; onl :Subsection B
b orged s5ie (UF) 620, 5 (UB) (615w « (UW) (5 Ssz Jol o ol s 2o (3500
o=l el UCS, UNF, UHA, UCI, UCL, UCD, UHT, ULW, and ULT Jul& 4 cgomop; ool :Subsection C
aloe Jlid o p3lote sl o 0alatal (gl clisee ledlST o Slge (sl (22l 5 Y Ll &S (sl asgeca

95 ax>l e ASME Sec. VIII Div.1 s lteal jo Para. U-1(b) & acgommop; ¥ opl comdg 5 yiion Sledlbol sl
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Lediopedr where external piping: other prossure
vessels metuding heat exchangen: o mechamcal de-
Viees, sUch 4% pumps. nUNSEs. OF COMPIessors, ae 1o
he connected 1o the vessel:

drp the weldimg ond connecton tor the first
crrcumicrential jeait for welded conmections [see UW-

3

iy the fiest thrcaded jomt for screwed conpee-
LEs:

s the fave of the T tlange foe Bolwed, anged
CONNECHONs:

fefs the hese sealing surface for proprictiy con-
nections ar Hitings:

o fien 20 where nonpressure parts ace welded di-

rectly taceither the mternal or external pressure retaming
surtace of a pressure vessel, this seope shall include the
design, fabrwcation. testng, and material requiremonts
extabhished R nonpressure part attachments by the
appheable pavagraphs of this Division:’

Ediope 3) pressure retaming covers foe vessel apen-
mgse such as manhole sl handhole covens:

Ladered) the Dinst sealimg suclace Tor proprictary
frtiigs o components for which rules are not provided
by this Division. sueh as gagess mstruments, and ponme-

vathe components.
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UG-80 PERMISSIBLE OUT-OF-
ROUNDXNESS OF CYLINDRICAL,
COXNICAL, AND SPHERICAL

SHELLS

faj Internal Pressire. The shell of a complered vessel
shall be substantially round and shall meet the following
requireIients
(1 The difference between the maximum and nin-
imun nside diameters at any eross section shall not
exczed 1% of the nominal diameter at the eross section

FIG. UG-80.2
BETWEEN MAXIMUM AND MINIMUR INSIDE
DIAMETERS IN CYLINDRICAL, CONICAL, AND

SPHERICAL SHELLS

EXAMPLE OF DIFFERENCES

ASME Sec VIIT Div.1 , UG 80 b ole jlore pp i A S5
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FlG. UW-3

ILLUSTRATION OF WELDED JOINT LOCATIONS TYPICAL OF CATEGORIES A, B _C AND D

©

ASME Sec VIII Div. 1, UW-3 ;5 e Jben g0 dims )+ S

Category A: Ls,e slps> bas &S
Category B: o slgisg> &S

s ls A g 5l 55 3% 4 Head Jlasl o wzl Hemispherical Head 31

Category C: s 4 Neck JLail
Category D: ;350 4 dg oYLl
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(21 Longindinal Stess (Cireumferential Joints).'°
When the thickiness does not exceed one-half of the
mside rading, or P does not exceed 1.235Z, the following
formulas shiall apply:

PR ZSEe .
S Or e s {m

JSE - AR R=0dr

/s, When the thickness of the shell
of a wholly spherical vessel does not excged 0.336R,
or P does not exceed 0.6655E, the followimg formulas
shall apply:

fely Spherical Sh

(1 Cyimdrical Sheils. The midmuan thickness or
maxinunt allowable working pressure of ovhindrical
shells shall be the greater thickuess or lesser pressure
as given by (1) or (2} below.

i Cirewnfer Smess (Longitdinal Joinis.
When the thickness does not exceed one-half of the
radias, F not excesd 0.3835E, the
following formulas shall apply:

mside or does

2y
N

TTOSE - Q6P

SEr

S b oy
R+ (.61

ASME Sec VI Div.1 , UG-27 o b coms y3lke Ay coslins 111 S
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fd) Except when the longitudinal jomts are radio-
graphed 4 m. each side of each circumferential welded
mtersection. vessels made up of nwo or more courses
shall have the centers of the welded longitudinal joints
of adjacent courses staggered or separated by a distance
of at least five tumes the thickness of the thicker plate,

ASME Sec VIII Div.l , UW9 b b slebpr b dols Joloo Y Jsi

Sy Sl gy (292 bghs alold
5t Bl wl o2)e Ghgz b 90 alols ULT-17(b) b (Gl Loo slommg o 5 Logos) il 5L 21y e 2S5 550 50
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ULT-17 WELDED JOINTS

fa) All Category A. B. C, and D jomrs (UW-3) shall
be full penetration welds.

'b) The alignment of longitudinal joints m adjacent
cvlindrical sections or heads shall be displaced at least
five times the thickness of the thicker material.
ASME Sec VIII Div.1 , ULT17 o ool Lo sloemgpm 61y Jobo Losz o g0 alols Jlos Y Ss
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UW-16 MINIMUM REQUIREMENTS FOR 01
ATTACHMENT WELDS AT
OPENINGS

e e Backing strip it used may be removed after welding
i

/

i
i
[P

T

i

i

[

i

Full Penetration Weid pun, A &
With integral Reinforepment

[See UW-16 (c}{1) and Note (1)} 4 fa- 2 {s -3 [

Separate Reinforcement Plates Added  $Ses UW. 16 10321}

Backing strp

L}

b} used may be el
seanoved gl ter weldimg fo}

Full Penetration Welds to Which Separate Reinforcement Plates May be Added |See UW-16 {£3{2) and Note {1}]

Notes follow o last page of this Figure

FlG. Uw-16.1 SOWME ACCEPTABLE TYPES OF WELDED MNOZZLES AND OTHER CONNECTIONS TO SHELLS,
HEADS, ETC.

UW-16 5.l )jle oYLlail Jgud LG oVLail glyl N S
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Spin Holes m

P [PUVWICTRVE FCI PRCE ESPRN L SO YW ROV =irc [ RS ORI P51 I [ SO s O3B Head csls )
onl pogdle el ond 0ols idgi Flyger ol (6, Kig 842 5)L,0 UW-34 5 50 asls 0,8 ) 15ee a0 Jlail cg> Head sla
Base G jlHead Jsls cwnd 1o #lism ;50 Weld Metal by o7 0,8 5 51 S8 Gleie ) JS3 Gl Sloesgs
5,8 ool wislae Head b i jeimes a5 Plate

oyt Head (35 50 #5057 5 g, N0 S

UW-34 SPIN-HOLES

Spin-holes are permutted at the center of heads
facthitate formimg. Spin-heles not greater i duameter
than 2% in. may be closed with g tull-penctration weld
using cither a welded plug or weld metal, The weld
and plug shall be no thinner than the head material
adjacent to the spi-hole.

The finished weld shall be examined” and shall meet
the acceptance requrements of Appendix 6 or Appendix
Nof this Division. Radiographic exammation, if requuired
by UW-T ), and addienal ispections, 1f required
by the materal specification, shall be performed.

This weld as a butt weld, but 1t s not categorzed.
It shall not be consdered mo establishing the jomnt
efhiciency of any part of the head or of the head-to-

shell weld.

Spin Holes Joalygiws : V# S
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Peening m
ol 00 00ls esgi Peening L akal, )0 UW-39 &1 510 o

o> Peening
Peening ;| (Relieve Residual Stress) wlew; slois 00,8 sl51 g Distortion) Sooes 8 sl UW-39 Gl

g b B0 s Wlgie Slys ol gt 8y s> b 4 aF Canl ]S B g ateal Sl xily) 45 ogie soliul
U,JL; 9 (ROOt PaSS) &.x g)“"l" » ui'ﬁ) LJ"‘ )l -0 guiao oolaiw! U”"P 6Lb o)l;_).,.: UJ;LA:- le)'.’ éj‘”o S 09,..4 fL?ul LS')L. LSLQ’)‘)'J
PWHT .,i% > Peening lsie zo 4 cils axg wb 055 PWHT g o)1 a1, Ke s4iai oolal (Final Pass) 51

D gdinod

LW-39 PEENING

¢y Wekl metal and heat attected zones may be
peencd by manual, clectie, or ppeumatic means when
s deemed necessary or helptul o control distorton,
oo relieve residual stresses. or o mmprove the quality
of the weld. Peening shall not be used on the mital
frooty laver of weld metal nor on the final (tace; laver
unless the weld s subsequently postweld heat treated.
In no case. however. s pecnmg to be performed
o lew of any postweld heat treatment required by
these rules,

() Controlled shot peening and other simitlar methods
which are mtended only to enhance surface propertios
of the vessel or vessel parts shall be performed alter
any nondestructive exanunations and pressure tests re-
quired by these rules.

Jliad cos lxe oe> ,0 Peening: A sis
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(Unequal Thicknesses) ;,lusy s slzobies Jlail v

ASME Sec VIII Div.1 ;o ;S pmé glolius Jlail 3t

255 (Taper) (g5le ad VY cor &y culies ST luie wl Fig. UW-9 5lk. ASME Sec VIII Div. 1 RYIRCCI

& 3y, where £is required
tength of taper and y is
thir offset between the
adacent surfaces of
abutiing sectinns

NQOQTE: Length of required
taper, £, may include the

wirdth of the weld.

TW.11 2001 SECTION VI — DIVISION 1

TW-1}]

Taper Either loside

-
" or Qutside

N -
\\\\' #//" l
s TG
Te— Weld i
ta) in all cases £shall be not less than 3y (b)

FIG. UW-9 BUTT WELDING OF PLATES OF UNEQUAL THICKNESS

ASME Sec VIII L1, slzelins Jlasl o ojlos ad 5gm0 1 18 S

PWHT wllee gl i o 90 cnlsed pni (sl 0L Shell & Head Jlast . (Unequal Thickness) Jlas! opl 455,90,
el Shell coalies wolies Sl il Shell wlail a5 50,0 5 .conl 1556 552 (slies S

(3 When a welded joint cormects parts of unequal
thicknesses, the nomunal thickness shall be the fol-
lowing:

ter) the thiner of two adjacent butt-welded parts
including head to shell comections:

thy the thickness of the shell or the fillet weld,
whichever i3 greater, in connections to inrermediate
heads of the type shown in Fig. UW-13.1 skerch (1)

¢c) the thickness of the shell i connections
to tubesheets, flat heads. covers. tlanges. or similar
CONSMUCTIONS!

idy i Figs, UW-16.1 and UW-16.2, the thick-
ness of the weld across the nozzle neck or shell
or head or reinforcing pad or artachment fillet weld.
wlnchever 15 the greater:

(e} the thickness of the nozzle neck ar the jour
in nozzle neck 1o flange connections:

(f) the thickness of the weld at the point of
artaclunent when a uwonpressure pare is welded to a
pressure part:

i the thickuess of the weld in nibe-to-tubesheet
connections.

UW40 5k PWHT cys ccwlus SOl fund Jondljgiws Ve S
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API 620 ;0 LSy yué slobs Jlail 11
o & i 6.16 G1LS1LL 0 APT 620 (2004) o laitenl slas

Jate Kosen a4 a8 B9 50 Cules S 35 S wbbu « 4y gldyg 40 12.7mm 1 YL cwls ol sPlate ol
il ad Wl 5 eudd 5,5 adl ardly Cwlies Gglss Koaes L3MM 5l iy« Wgdow Lbe> Butt-Weld &g 5 wigios
ol oael b3 0 a5 Fig 6.1 IS illae VIF cocd & Taper o g 095 (Trimmed)

6.16 MATCHING PLATES OF UNEQUAL
THICKNESS

For plates over 1/2-in. thick in the sidewalls. roof. or bot-
tom of a tank. if the thickness of two adjacent plates that are
to be butt-welded together differ by more than L'¢ in.. the
thicker plate shall be twinuned to a smooth raper that extends
for a distance at least four times the offset between the abut-
ting surfaces so thar the adjoining edges will be of approxi-
mately the same thickness. The length of the required taper
may wclude the width of the weld (see Figure 6-1).

APT 620 1,6 slpabes Jlasl ,o (55le ad 34201 Y S

/‘\M
¢ \\
‘\ A
\ «\
L 1 } ;
| i ‘
'« Canm ¢ Tapermay |y (
’ s ..V H A o
H =) orouts
A A A
) A
//} yl /’ »\ \m
Ll Ve (" ;1’ \)
U WU
aae e
Panel a Panel b Panel ¢

PREFERRED PERMISSIBLE PREFERRED
{Center lines
coincide}

&
Notes:
1. The fength of the required taper { may include the width of the weld.
2. In ali cases, € shall be not Less thaa four rimes the o

"

st between the

abutting plares.

Figure 8-1—Butt Welding of Plates of Unequal
Thickness

API 620 1,5 clyzelies Jlasl o 5l ad gz : YY S
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ASME B31.3 ;5 LuSy pé slgralis Jlasl T¥
sl oas 05 328.4 (b)(5) 1,514 ;0 ASME B31.3 s szl s (Unequal thickness) b culses 35 Jlail Conig
5> 5l =5 5 Miter Groove) sl cews slagily o b (Girth Groove) ae jige K Jlail o 8 SILELL cpl o

i U o1 ;
Sl 19 Al lazalied Jysh B ol e sl Jool i 30 550 1 31 2 T 55 sl b el

el WY 5 TAPEr o ol L3 o a8 s lailial o) 4o a5 a5L ASME B16.25

3 18 fenin
S .
Qutside f‘ }‘

fhote (51 /
Outside >

/-' Radius > 0.08 i

/-—— Radius 2 0.05 tin

30 deg max

(3

/_mote( i
{Note 41}

Component or Fitting
Maximum [Note (25}
Miniemum 101

min

30 deg max |

Maximum slope 1.3 INote (1]

Insida ,\
iNote (51} | Radius 2 0.05 f., [Note (5)]
'

st

Insida l'.

2in  LFARSHIGN TEGION

NQOTES:

{1} The value of 1. & whichever of the folowing s applicable:
{a) the mimimum ordered wall thickness of the pipe
{by Q875 umes the nomunal wall thickness of pipe ordered to a pipe schedule wall thickness that has an undertoierance of 12.5%;
(g1 the minmmum ordered wall thickness of the cyhindncal welding end of & companent or tnung tor the thinner of 1he two) when the

j2ntlis batween two components.

{2} The maximum thickness at the end of the somponent 18
(s} the greater of Iy + 4 MM 01600} or 118, when ordered on a minimurm wall basis;
(b} the greater of £, + & mm {016 in or 1.104,,,,,. when ordered on a porninal wall basis.

{3} Weld bevel shown s Tor dlustration only,

{4) The weld reintorcernent permitted by appiicable code muay hie outside the maximum envelone

{5) Where transilions using maximum slope do pot mtersect inside or oulside surface, a3 shown by phantem cutlines, maximum siopes
shown or alternate rads shall be used.

FIG. 1 MAXIMUM ENVELOPE FOR WELDING END TRANSITIONS

ASME B16.25 1, slezabies Jlasl o s3lo ad bgou : YY 53
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(5) When a girth or miter groove weld joins compo-
nents of unequal wall thickness and one is more thao
1% times the thickness of the other, end preparation and
geometry shall be in accordance with acceptable designs
for unequal wall thickness in ASME B16.25.

ASME B31.3 L6 slebes Jlail )0 s5te ad bgou : YF JSS

Jlws y5ee ca o Taper a5 o5 Taper pailyie )50, il Inside s cwlus S 45,400 Piping o :auss
wyine TAPEr 55 s illae wil, Outside o azili> Jg.0ib

* Permitted

misalignment. Tl
See WPS, 130 deg max.

{a) Thicker Pipe Taper-Bored to Align

H
i

t
2 rm
RN
L' >
Permitted = =4
misalignment, Round \\‘S\:I 90 deg
See WPS. corner

{b} Thicker Pipe Bored for Alignment

Fig. 328.4.3 Trimming and Permitted
Misalignment

B31.3)us,ls Outside o culses Sl a5 SYLasl jo (g5ke ad V7 S
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ASME B16.47 15 s yaé slyzolins JLail 5
¥l g5l d Fig, 7 U8 Gllao £ 6 Y5 5IVL o clomnils a0 550 Logy o &8 ASME B16.47 s sl s

Sei Taper el VY s 40 (Unequal) b slels
LARGE DIAMETER STEEL FLANGES ASME B16.47-1996 |

WELDING ENDS
{(Welding Neck Flanges)

ADDITIONAL THICKNESS FOR
WELDING TO HIGHER STRENGTH PIPE

18 deg. max, (113}

FIG.5 BEVEL FOR OUTSIDE THICKNESS™® FIG. 6 BEVEL FOR INSIDE THICKNESS™

18 deg. max. {1:3j

FIG. 7 BEVEL FOR COMBINED THICKNESS ™™

NOTES:

(V) Neither 1y, t, nor their sum {8, + f;} shall excesd 0.5r.

12) When the minimum specified yield strengths of the sections to be joined are unequal, the value of (g shall at least equal ¢ times the
r3tio of minimum specified yield strength of the pipe 1o vield strength of the flange.

{3) Weiding shall be in aceordance with the applicable eads.

ASME B16.47 _ululy g5le ad sgo6 1 YV S5
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PQR ;s sy jué cwlies Qualify 8 guxs (F

ASME Sec [X 3lks (Unequal Thickness) L, & oVlasl )l oass ags PQR coulss Qualify ssgame consy
el iy 4 QW ASTLL Jgoo QW 202.4 GIS1L

ogive Qualify 2T 450 4 (Thinner) 536 cod QW 451.1 3 QW 202.4(a) ilae

il e a5 by 5l (sl 0l 6mm ) i, (Test Coupon) iules] &iges calses asibi QW 202.4(b) slas
ol Dg05als Ll Cuales iSTo 83game P-NO. 8 L o Juil Gudio) alosl onel o3 SISTL 1o

QW.202.4 Dissimilar Base Metal Thicknesses,
WPS qualified on groove wekds shall be applicable (21 Vor all ether metal. the thickness of the thicker
for production welds between dissimilr base metal

. . metber shall be within the range permitted by QW
thicknesses provided: *
fay the thickness of the thinner member shall be

A5 except there need be no limitation on the maximum
L% : i thickness of the thicker production member provided
within the mnge permitted by QW3] o, - ‘ e
thy the thickness of the thicker member shall e as

qualitication was made on base metal having o thickness
follonvs,

A For PNoo s, P-No, 41 PN 420 PNes 43,

of Thyine 2% mmi or mare.
More than one procedure qualification may be re-
quired 1o quality Tor some dissimilar thickness combina-

PoNes PN A5 PNG do, PNee 1 PWNe, 32
PNce 33 PG 6, and PNa 62 metal, there shall
be o lmitgion on the maximum thickness of the
thic ker poaduction member in joints of similar P-Number
materials provided qualification sas made on base metal
having a thickness of Yy in (6 mmy or greater.

o,

wl:b.a ).lcu )‘ PQR 6).1)5 BQBAJLA : Y/\JS...J

QW50 SPECIMENS

QWAL Procedure Qualification Thickness Limits and Test Specimens

Qw-451.1
GROGVE-WELD TENSION TESTS AND TRANSVERSE-BERD TESTS

Type aved Momber of Tests Required

Range of Thicksess 7ol Bise Blewal Thickness ¢ of Deposited Wekl Bletal {Tenston and Gutlded-Bengd Teats? INate 121]
Qudiliad, o, Goms andifiad, fn. G
[Nutes €1 aml (233 [ Mot (10wl 23] Root
Thick 7ol Tew Copon = Bend,

LEITN

bt faan} [ERYS fax, w160 QW-160

15 i

5y

PQR Lig oo 0ub jlore Cuwlius sogume 1 Y4 S
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oS G 5T 5IB31.3 o lasbuwl g 8 S5 (8
(S0 o1 (6l laslinl cpommil sy Jloo 3 s 95 a5 14Y0 JLs ;o ASME Sec VIIT s it

o T bls a S B3l dsa8 0,8 o, 25k 1, B31 5 lailiat 855, ASA (American Standards Association)
is S «slyl Pressure Piping s, 2olosT sk Va0 Jlo 0 B31 51, (talng g Olo dsl g cilise
o261 VAPV Jlw o 0 220 1204 Jls 4o Petroleum Refinery Piping Code 6L B31.3 o laiteul 51 Liolyg ol
@ ol oz pb g.0,8 juis 35 el cpl ol S e 4 5 8L (00 OWSEs ASA I o] sloo lasll

o=l ol 0my Jlw g0 o VAP Jlo o Ll .zl s USASI (United States of American Standards Institute)
a8 SO AVY Jlw yo.ecil w5 ANST (American National Standards Institute) wax slo g8,5 s 55 el
b ol> Jlo fren ;0 g ANSTB31.3 ol e ad (ohb g0

5 VAYE Jlu o ashlssle] Ll oy > ANSI-B31.6 lge con oboons Sula 025 alg) slpatan slp 95 SO
Slgotaw Oy da olsul sl olabb (3550l 5 sve o ASME Code Piping &wS 5l odail G calins opl 4y 28Ty
Shnlw o5 adg) slpainw (ogases 8 liliwl (gl 5 5,5 cidlee ASME Code Piping . oles slymls 25 alg)
5,5 &1l Chemical Plant and Petroleum Refinery Piping ob cos VaVE Jlo o 1) olas

s pize ASME Code for Pressure Pipingosos ab ol cos 5 ols ol s Ioaza VAYA Jloo j0 sin am JLo ¥
b Sas ANSI/ASME B31.3 5 e o jlailwl VAAL Jlw

= =S o3l g, ol onl o a5 ASME B31.3 Process Piping  jlge cog ol jame soe o5 S51297 L o Ll
28,5 L3 Sy e bl pB313 6,8 ojlulasly 1000 & jem 149 Jlo Ola o a8 0 £4,8 oyt el

el oads e b3 Olegsge ;o Pressure Piping o)y ASME B31 s el

ASME CODE FOR PRESSURE PIPING, B31

B31.1 T ) o 1 - OISR HER R S R 200:

B31.2° FUEL GAS PIDING .oovvvoveseseessnsessenrensesssssonemssissossssssissssssssvesssssssmssnonsesssssen oo 1968

B31.3 Process Piping .. 20 v 2002

B31.4 Pipeline Transponauon Swscems for qumd Hydrocarbons and Other quuzds .............. 1998

B3L.5 Refrigeration Piping and Heat Transfer COMPONENtS ...ocnrionrscmmmmmresinissrssiennecens 2001

B31.8 Gas Transmission and Distribution Piping SYSIEMS covovevreermnrimriccnsecmsmmarssiiens i smemssssssissss 1999

B31.9 Building Services Piping .. S rrisiresmresusssasesetasasssrsssssnsiss Winsiemeess 1996 .
B31.11 Slorry Transportation P:pmg S\ SIEMS evvvvrcerassimrinirans OO RO PR 1989 (R1998)

B21G-1991 Manual for Determining the Remaining Strength of Corroded Pipelines: A
Supplement to ASME B31 Code for Pressure Piping

NOTE:
(1) USAS B31.2-1968 was withdrawr as an American National Standard on February 18, 1988. ASME will continue to make avajlable USAS

B21.2-1968 as a historical document for & period of time.

ASME B31 cola: ¥+ s

- B3l4 coyoub Jusl bshs b s bl
- B31.8: 38 Jusl bglas )b o el

Y ;
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dgine plxil AP 1104 5L (il D97 eilgd g s b olao, sl B31.4 & B31.8 &S Cenlazgr LB &S

Qualifications

434.8.3 Welder and Welding Procedure

{a) Welder and welding procedure qualifications for
cross country pipelines shall be performed in accordance
with API 1104. Welder and welding procedure qualifi-
cations for alloy steel and for shop fabricated piping
assemblies, and welding at stations and terminals shall
be performed in accordance with API 1104 or Section
g of the ASME Boiler and Pressure Vessel Code.

ASME B31.4 5L . sl behas g opilsd ¥ S

ASME B31.3 ;! o aods 1t

2o (Nonmetallic) 305 1.2 o2 5 (Metallic) ;b oo Piping 5,40 B31.3 .ol ous a5 Chapter 4 ;o s jlasteul oy
ool 118 73 4y gty e (ol ol 00 (00 e Category g 4 o,lailial pl gan anis b (65 Caond aiSiee

1- Category D Fluid Service

2- Category M Fluid Service

3- Category Severe Cyclic Condition
4- Category High Pressure Piping

5- Category Normal Fluid Service

el onal i3 50 a5 Wil oats iy a5 598 sl Category . Scope and Definitions a; syiee by, o 5 Chapter 1 o

fid servieer a general term concerning the application
of a piping system, considering the combination of fluid
propertics, operaling conditions, and other factors
which establish the basis for design of the piping system.
See Appendix M.

{a) Category D Fluid Service: a fhuid service in which
all the following apply:

(1) the fluid handled is nonflammable, nontoxic,
and not damaging to human tissues as defined in
para. 300.2

(2) the design gage pressure does not exceed 1035
kPa (150 psi)

(3 the design temperature is from -29°C (-20°F)
through 186°C (366°F)

(b} Category M Fluid Service: a fluld service in which
the peteniial for personmel exposure is judged to be
significant and in which a single cxposure to a very
small quantity of a toxic fluid, caused by leakage, can
produce serivus irreversible harm to persons on breath-
ing or bodily contact, even when prompt restorative
measures are taken

(¢} Tligh Pressure Pluid Service: a fluid service for
which the owner specifies the use of Chapter IX for
piping design and construction; see also para. K300

(d) Normal Fluid Service: a fluid service pertaining to
most piping covered by this Code, ie., not subject to
the rules for Category D, Category M, or Iigh Pressure
Fluid Service
severs cyclic conditions: conditions applying to specific
piping components or joints in which 5¢ computed in
accordance with para. 319.4.4 oxceeds 0.85, (as defined
in para. 302.3.3), and the equivalent number of cycles
(N in para. 302.3.5) exceeds 7000; or cther conditions
which the designer determines will produce an equiva-
lent effect.
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Chapter iX
High Pressure Piping

K300 GENERAL STATEMENTS

fa} Applicability. This Chapter pertains to piping des-
ignated by the owner as being in Lligh Pressure Tluid
Service. Its requirements are to be applied in full to
piping so designated. High pressure is considered herein
to be pressure in excess of that allowed by the ASME
B16.5 PN 420 (Class 2500) rating for the specified design
temperature and material group. However, there are
no specified pressure limitations for the application of
these rules.

High Pressure Piping ssgas. : YV 5o

S eé ceond 3 K wigicy L Category High Pressure Piping cllas s M wigi L Category M CJlas
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Jsa= ,» Category High Pressure Piping i, Category aea !y 3,5 90l, slyaks Acceptance Criteria
ous 0.3 K341.3.2 Jsu> s Pressure Piping !, 51,550, slokd Acceptance Criteria Lol .col ousl 341.3.2

el
{04) Tabte 341.3.2 Acceptance Criteria for Welds and Examination Methods for
Evaluating Weld Imperfections
Criteria (A to M) for Types of Welds and for Service Conditions [Nate (1)] Examination Methods

Normal and Category M Fluid

Service Severe Cyclic Conditions Category D Fluid Service

Type of Weld Type of Weld Type of Weld

£ =
2 g
@ It @ £
& = LR g £
o = 4 o 3 g =4 2 <
2 ES
3w | B ze | 8 ) g 2 2 .
S o = = 2 9 = = 5 5 = i ° =
& Z d = a g, el = & @ _ ] e ]
o = =~ = B = = o b & z 2 a
@ = = 9 G = = @ = 2 = a c
=z 8 T = 5 = 2 s 5 b] 5= 3 3 & o o
2% 38 | £ 2% 22 | = R 2 | 2 £ - | & i3 i5
G 8 Sz i [CIRN] 35 [~ [t} 2= T m Weld Imperfection = £ = 3
A A A A A A A A A A Craci P/ 4 4 v

A A A A A C A N/A A Lack of fusion 7/ v/

A N/A A A N/A C A M/A B Incompiete penctration v v
€ d N/A D D NJA N/A N/A N/ NjA Internal porasity v

internal slag inctusion, tungsten
G G N/A F F N/A N{A /A N/A NfA Inclusion, ar elongated indication
H A [l A A A | A H H Undercutting
" s Z
: Surface pomsity or expnsed slag | :
A A A A A A A A A A Inclusion [Mote (5)]
NJA NA N/A | J ) N/A N/A N/A N/A Surface finish
! Cancave root surface
K K NiA K K N/A K K N/A P K (suck up) v v
Weld reintorcement or internal

L L L L L I ey M M M protrusion v N

GENERAL NOTES:
(@) Weld imperfections are evaluated by one or more of the types of examination methods given, as specified in paras. 341.4.1, 341.4.2,
341.4.3, and M341.4, or by the enhgineering design.

(b) “N/A” indicates the Code does not establish acceptanice criteria or dnes not require evaluation of this kind of imperfection for this type of
weid,

(£} Check (/) Indicates examination method generally used for evaluating this kind of weld Imperfection.
(4} Ellipsis (. .) Indicates examinatian method not gencrally used for cvaluating this kind of weld imperfection.
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(04) Criterion Value Notes for Table 341.3,2
) Criterlon i
Symbel Measure Acceptable Value Limits [Note (6)]
A Extent of imperfeciion Zero (no evident impertection)

b Depth of incomplete penctration <1 mm (Y, n) and < 0.27,,

Cumulative length of incomplete penetration £ 38 mm (1.5 in} in any 150 mm (6 In.) weld length

C Depth of lack of fusion and incamplete peneiration 5027,

Cumulative length of tack of fusion and incomplete =38 mm (1.5 In.) in any 150 mm (6 in.) weld tength
penetration [Note (7))
o] Size and distribution of internal porosity See BPV Code, Section VINl, Division 1, Appendix 4
£ Size and distribution of internal porosity For f‘,, <6 mm (Y in), limit is same as D
For 7> 6 mm (%4 ind, limitis 1.5 x D

F Slag inclusion, tungsten Inclusion, or elongated indication B
Individual length a1y /3
Individual width £ 2.5 mm G4 Ind and £ 7,13
Cumulative length < Ty in any 127, weld length

G Slag inclusion, tungsten inclusion, or elongated indication B
Individual length < 2T, _

Individial width £3mm (4 in) and £ 7,,/2
Cumulalive length < 4T, in any 150 mm {6 In.) weld length

H Depth of undercut <1mm (U, in) and £ T, /6

| Depth of undercut 21,5 mm (Y In) and < (7, /4 or 1 mm (34, in))

| Surface roughness 2 500 min, Ra per ASMF B46.1

K Depth of root surface concavity Total joint thickness, incl. weld reinf., = T,

L Height of reinforcement or internal protiusion [Note (8)] in For T, mm (in) Feight, mm (in.}
any plane through the weld shall be within limits of ) X -
the applicable height value in the tabulation at right, €6 (l/a.‘ . 5 1.5 (Ao
except as provided in Note (9). Weld metal shall merge =6 ( 1/'}/'» 213 (4) <3 L:/g;)
smoothly into the component suifaces, > 13 (A 225 (D < 4 (%A

5 25(D) %5 CAg)

M Height of reinforcement or internal protrusion [Note (8}] Limit Is twice Lhe value applicable far L abave

as described In L. Note (9) does not apply.

Notes follow on next puge

NOTES:

{1} Criteria giver are for reguired examination, More stringen? ¢siteria may be specified in the engineating design. See also
pares. 341.5 end 341.5.3.

(2y Longitudinal groove weld includes straight end spiral seam. Criteria are not intended ta apply to weids made i
accordance with a standard listed in Table A-1 or Table 326.1. Allerrative Leak Test requires examination of these
welds; se= para. 345.9.

(3] Fillet weld includes socket and seal walds, and attachment welds for slip-or: flanges, branch reinforcement, and
SLpPOris.

) Branch connection weld includes pressure containing weids jn branches and fabricated laps.

(5) These imperfections are evaluated anly for welds £ 5 mm (4, in) in naminal thickness.

{6) Where two limiting values are separated by “and,” the 1esser_of the values determings acceptance, Where lwo sets of
values are separatad by “or” the larger value is acceplable, ¥, is the nominai wall thickness of the thinner of two
components joined by & butt weld.

{7) Tightly butted unfused root faces sre unacceptable.

(8) For groove welds, height is the lesser of the measurements made from the surfaces of tho adjzcent compenernis; both
reinforcement zrd Internal protrusion are permitted in a weld. For Flict weids, height is measured from the theoretical
throal, Fig, 326.5.24; Internal protrusion does not apply.

() For welds In aluminum alloy gniy, internal protrusion shall not exceed the following values:

{a) forthickness € 2 mm (/; ind: 1.5 mm (M4 in);
&) for thickness > 2 mm ancd < 6 mm (4 in): 2.5 mm (43 in).
For external reinforcement and for greater thicknesses, see the tzbulation for Symbol L.
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High Pressure w4, y0 Acceptance Criteria m

Table K341.3.2 Acceptance Criteria for Welds

Criteria (A-E) for Types of Welds, and for Required
Exarnination Methods [Note (1)}

Type of Weld

patheds Longltudinal Branch
Type of 100% Girth Groove Fillet Connection
Imperfection Visual Radiography Groove [Note (2)] [Note (3)] [Note (4)]
Crack X X A A A A
Lack of fusion X X A A A A
incomalete penetration X X A A A A
Internal poresity X 3 R NA B
Slag inclusion or elangated indication A X C C NA C
Undercutting X X A A 4 A
Surface porosity or exposed slag Inclusion X A A A A
Concave root surface (Suck-up) X X D s} NA 5]
Surface finish X E E £ E
Reinforcement or internal protrusion X F F F F
GENERAL NOTE: X = required examination; NA = not applicable; . .. — not required.

Criterion Value Notes for Table K341.3.2

Criterion
Symbel Measure Acceptable Value Limits [Note (5)]
A Extent aof imperfection Zero (no evident imperiection)
B Size and distiibution of intemal porosity See BPY Code, Section VI, Divisior: 1, Appendix &
C Slag inclusion or elongated indication ~ :
Individuzl lengt] <T.ldand<4mm ®/s in.)
individual width & Ty /8 and 5 2.5 mm (%; In)
Cumulative length %7, in any 12 7, weld iength
by Denth of surface concavity Totzl joint thickness inciuding weld reinforcement,
> T,
F Si.rface roughness < 12.5 jpm R, (500 pin. R, per ASME B46.1)
F Height of reinforcement or Internal protrusion [Note (6)] Wall Thickness External Weld Reinforcement
in any plane through the weld shall be within the Tur mm (in.) or Internal Weld Protrusion
limits of the applicable height value in the tabula- <13 (%) 7
tion at the right. Weid metal shall be fused with and Y e 1.5 {_/}ﬁ'
' sl o =13 ((A) and <51 (2) 3 G4
merge smoothly into the companent surfaces. g3
> 51 4 Chd
NOTES:

(1) Criteria given are for required examination. Mare stringent criteria may be specified in the engincering design.

(2) Longitudinal welds include only those permitted in paras. K302.3.4 and K305. The raciographiz crizeria shall be met by
all welds, including those made in accardance with a standard listed in Table K32¢.1 or in Appendix K.

(2) Fillet welds incliide only those permitted in para. 311.2.5(b).

(4) Branch connection welds include only those permitted in para, K328.5.4.

(5) Where two limiting values are giver, the lesser measured value governs acceptance, T, is the nominal walt thickness of

the thinner of two companents [oined by a butf weld.

For groove welds, nieight is the lesser of the measurements made from the surfzces of the adjacart components. For fil-

let welids, teight is measured from the thearetical throat; internal protrusion does not apply. Required thickaess ¢,

shall not ihclude reinforcement or internal protrusion.

(6)
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S @l b & ASME Sec. IX Lul,s cole, s
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API 620 (2004) ;o WQT 5 WPS 3
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29 plasl Comslios APLT104 5 Jlaslid 095 bl St s Ll 6.1 G113 WPS &l jie 5.1 G151 llas
55 445 651z PQR 5 WPS sl 10.2 G150 o« Sloass gl AP T104 5 i 15 oty amys il
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B31.3 ;5 Pressure Piping gy jl s W 3 oo 5351 51y WQT 3 WPS m
ASME SeclX gllas conslin 00 Llod GLSTL cnl 1 &5 listl 5)lse 520 WQT 3 WPS 345 328.2.1 1,51, sl

098 4 B31.3 5 lstent 41,

328.2.1 Qualification Requirements

(o} Qualification of the welding procedures to be used
and of the performance of welders and welding opera-
tors shall conform to the requircments of the BP'V Code,
Section IX except as modificd herein.

(b} Where the base metal will not withstand the 180
deg. guided bend required by Section IX, a qualifying
welded specimen is required to undergo the same degree
of bending as the base metal, within 5 deg.

(¢) The requirements for preheating in para, 330 and
for heat treatment in para. 331, as well as such require-
ments in the engineering design, shall apply in qualify-
ing welding procedures.

(d) When impact testing is required by the Code or
the engineering design, those requiternents shall be mct
in qualifying welding procedures.

(¢} If consumable inserts [Tig. 328.3.2 sketch (d), (¢),
(), or {g)] or their integrally machined equivalents, or

backing rings, are used, their suitability shall be demon- |
strated by procedure qualification, except that a proce~
dure gualified without use of a backing ring is also
qualified for uge with a backing ring in a single-welded
butt joint.

(f) To reducc the number of welding procedure quali- |
ficalions required, P~Numbers or $-Numbers, and
Group Numbers are assigned, in the BPV Code, Section
IX, to groupings of metals generally based on composi-
tion, weldability, and mechanical propcrties, insofar as
practicable. The P-Numbers or S-Numbers for most met-
als are listed for the convenicnce of the Code user in a
separate column in Table A-1. See Section IX, QW /(}B-
422, for Group Numbers for respective P-Numbers and
S-Mumbers. Use of SccHon IX, QW-420.2, is required for
this Code,

Y
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295 sl Impact Test wb x> WWPS don gl 0 1 s ),
293 alul WPS s 0wt 03 99580 lea b 5 Jb e plos L PQR s ab Lz LWPS des g1, ©
e GieSe p Ll 0o Qualify 1, Plate & by o WPS o5 b algd (65, oot ags PQR cs 0

o)5se> den sl Mechanical cuw plol ©

(nterpretation-17-10) a5 alxil Impact Test wb lz> LWQT den 1y 0

Interpretation: 17-27

Date Issued: November 16, 1999
File: B31-99-024

Reply: Yes.

Subject: ASME B31.3-1999 Edition, Para. K328.2.1(a), Welding Qualification Requirements

Question: In accordance with ASME B31.3-1999 Edition, para. K328.2.1(a), must the performance
qualification test coupons for each welder and welding operator be impact tested?

Interpretation 0f B31.3 s g den (gl 0 po oo 5L TAJSS

K328.2 Welding Qualifications

K328.2.1 Qualification Requirements. Qualification
of the welding procedures to be used and of the perform-
ance of welders and welding operators shall comply
with the requirements of the BPV Code, Section IX,
oxcept as modified hercin.

{a) Impact tests shall be performed for all procedure
qualifications in accordance with para. K323.3.

(B) Testweldments shall be made using the same spec-
ification and type or grade of base roelal(s), and the

(04)

same specification and clazsification of filler metal(s) as

will be used in production welding.

(c) lest weldments shall be subjected to essentially
the same heat treatment, including cooling rate and
cumulative time at temperature, as the production

Vr'eld.s -

C X, the yield strength shall also be determined, using the

© each test specimen shall be not less than the specified

~different Sy values are joined by welding, the yicld
strength of cach test specimen shall be not less than the

:‘q‘ualiﬁcation tests.

(d) When tensile specimens are required by Section
method requiked for the base metal The yield strength of

minimum yield sirength at room temperature (Sv) for
the base metals joined, Where two base metals having

lower of the two Sy values.
{e) Mechanical testing is required for all performance ‘

() Qualitication on pipe or tubing shall also qualify
for plate, but qualification on plate does nol qualify for
pipe or tubing,

fg) For thickness greater than 51 mm (2in.), the proce-
dure test coupen shall be at least 75% as thick as the
thickest juint to be welded in production.

{h) Paragraph 328.2. 1(f} applies.

Pressure Piping ,s wtliial s PQR 3 WPS cowsg: A s
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328.2.2 Procedure Qualification by Others. Fach
emplover is responsible for qualifying any welding pro-
ceclure that personnel of the organization will use. Sub-
ject to the specific approval of the Inspector, welding
procedures qualified by others may be used, provided
that the following conditions are met.

(n) The Inspector shall be satisfied that

{1} the proposed welding procedure specification
(WPS) has been prepared, qualified, and executed by a
responsible, recognized organization with expertise in
the field of welding

{2) the emplover has not made any change in the
welding procedure

(#) The base material P-Number is either 1, 3, 4 Gr.
No. 1 (1% Cr max), or §; and impact testing is not
required.

{c) The base metals to be joined are of the same -
Number, except that P-Nos, 1, 3, and 4 Gr. No. 1 may
be welded to each other as permitted by Section TX.

() Welding clectrodes for the SMAW process are
selected from the following classifications.
AWS A3 AWS A54!

AWG A5F

La010 E308-15, <16 E7010-Al
sl 308L-15, -16 E7018-A
E70i5 E309-15, -1& F&0L6-Bl
EAn E310-15, -15 ERG1E-B1
E70L8 E-16-8-2-15, -16 FR015-B2T.

E316-13, -16
L316L-15, =16
E347-15, -16

E30146-B2
EBI18-B2
LBO18-B2L

(h} By signature, the employer accepts responsibility
for both the WPS and the procedure qualification tecord
{PQR).

{1} The employer has at least one currently amployed
welder or welding operator who, while in his employ,
has satisfactorily passed a performance qualification test
using the precechire and the P-Number material speci-
fied in the WIS, The performance bend fest required
by Section X, QW-302 shall be used for this purpose.

(d) The material to be welded is not more than 19
mm (% in.) in thickness. Postweld heat treatment shall
not be required.

{¢) The design pressure does not exceed the ASME
B16.5 PN 50 (Class 300) rating for the material at design
temnperature; and the design temperature is in the range
~29°C to 399°C (~20°T to 750°F), inclusive.

(f) The welding process is SMAW or GTAW or a com-
bination thereof.

Qualification by radiography is not acceptable.

ASME B31.3 Para. 3282.2 b ;)% WPS jl aslical Ll f - JS5

s daze POQR a0 55 ol J13 0 55 Ll s aSlsjge 0 (1,500 WPS Sloslai] @900

b et O
055 5l 4y e g 02l P-N0O.8 |, P-No. 1&2&3 & Gr-No.1 Lis JL e (Y
il SG dgd o Jate ub & aS (g axkid 9o P-NO. sy .ol Similar LS wu> WPS s Jlasl (¥
5L s PWHT o 50 19mm 51 s cudlies (F
sl ol Sile a> 0 399 5-20 oo b los g asls i, 300 psi 5l ol Las 0
B16.5 PN 50 PN=Pressure Nominal)
b ganl oo i L GTAW L SMAW (g Sg> 59, (¢
25 ooliid SMAW gy sl idu ol 4o oads 55 slong 2SIl 51 Lais (Y
e giane o 5 a2 sle®)l5 il IPQR  WPS w4

33...: poo > WJWPSdlbonyLbsmw&,
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UW-30 LOWEST PERMISSIBLE
TEMPERATURES FOR WELDING

It is recommended that ne welding of any kind be
done when the temperatuwre of the base metal s lower
than O°F (= 1¥7°Ch AL temperatures between 3271 (¢
and O°F IR0 the surface of all areas within 3 1.
(70 mmy of the pomt where w weld s to be started
should be heated to o temperature at least warm Lo
the hand Jestmated o be above 660 F (167C] betoere

weldmg s started. 1t oas recemmended also that ne
welding be done when surfuces are wel or coverad

with ace when snow s falling on the surfaces o be
welded, o durmg periods of hugh wind, unless the
welders or welding operators and the work are properly
pratected.

JLid con iloe 53 0,8 im0 TV JSCS
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APPENDIX R
PREHEATING

INTRODUCTION

Prelieating miay be emploved during
w completion of the welded joint. The need for and
remperature of preheat are dependent on a nwnber of
factors. such as the chemical analysis, degree of restraint
of the parts being joined, elevated physical properties,
and heavy thicknesses, Mandatory miles for preheating
arg. therefore, not given mn this Division except as
requiresd in the foomotes that provide for exemptions
to postiveld ligat trearment in Tables UCS-36 and UHA-
32, Some practices nsed for preheating are given below
as o general guide for the matertals listed by P-Numbers
ut Section IX. It is cantioned that the prehearing tempera-
tres Jisted below do not necessarily insure satisfactory
complenon of the welded jowr and requirements for
urhividual materials within the P-Nwuber listing may
have preheating more or less restrictive than this
cuide, The procedure specification for the material being

welding to assist

general

welded specifies the minimum preheating requirements
under Section IX weld procedure qualification require-
ments

The heat of weldmg may assist in maintaiiung preheat
temperatures after the start of welding and for mspecrion

purposes, remperature chiecks can be made near the
weld, The method or extent of applicanon of prehear

materials of two different P-Number groups are jomed
by welding. the prehear used will be thar of the material
with the higher preheat specified on the procedure
specified on the procedurs specification,

R-1 P-NO. I GROUPS 1. 2, AND 3

fal 1758°F (797C) which has both o
speetfied maximum carbon conrent in excess of 0.30%
and a thickness ar the joinr in excess of 1 in, (25 nunk

¢} R0°F (10°C) for all other materials n tlus P-

Number,

for material

R-2 P-NO. 3 GROUP NOS, 1, 2, AND 3

(@ 175°F (79°C) for material which has either a
speetfled nmunnmum tensile strength in excess of 70.000
psi 480 MPa) or a thickness ar the jeint in excess of
Ty oin (16 mmy

i) SOFF (10°CY for all other marerials in this P-
Nuunlser.

R-3 P-NO. 4 GROUP NOS. 1 AXND 2

) 2R0°F (1217C) for material which has either a
spectfied minimum tensile srength in excess of 60,000
psi (410 MPa) or a thickness ar the jomt i excess of
1; e {13 mmny

(b} SO°F (10°Cy for all other matenals i this P-
Number,

R-4 P-NOS, 54 AND B GROUP NO. 1

() O0°F (2047°C) for wmaterial which has either a
specified nunimum rensile strength iy excess of 60.000
pst (410 MPan or has both a specified mimmum
clominm content above £.0% and a thickness ar the
cess of o (13 mun):

joint i ex
(O3 ROOFE (149°C for all othier materals m these
P-Numbers

R-& P-NO. 6 GROUP NOS. 1, 2, AND 2

100°F (204°C)
R-6 P-NO. 7 GROUP NOS. 1 AND 2

None

R-7 P-NO. 8 GROUP NOS, 1 AND 2

Noue

S76
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R-8 APPENDIX B — NOMMANDATORY R-10

R-8 P-NO. 9 GROUPS mamntained between 350°F and 430°F {177°C and
23270

230°F (121°C) for P-No. 9A Group No. | materials
J00°F (149°C) for P-No. 9B Group No. 1 materials

R-10 P-NO. 11 GROUP

fah P-Noo 14 G

Group No. 1 — None (see Note)
Group No. 2 — Same as for P-No. 3 (s2e Not)
R-9 P-NO. 10 GROUP Group No., 3 — Same as for P-No. § (see Note)
) , Group No. & — 230°F (121°
L78F (79°C) for P-No, 10A Group No. | materials b P-No. 11B
230°F {12150 for P-No. 10B Group No. 2 materials

Al

<)

Group

X = Group Na, | — Same as for P-No. 3 (see Note}

LT8F (79°C) for P-No. 10C Group No. 3 materials Group No. 2 — Same as for P-No. 3 (see Note)
250°F (121°C) for P-No, 10F Group No, & materials Group No., 3 — Same as for P-No, 3 (see Note)
For P-No. 10C Group No. 3 materfals. preheat 13 Group No. 4 — Same as for P-No. 3 (see Note)
neither required nor prohibited. and consiceration shall Group No. 5 — Same as for P-No. 3 {see Note)
be given to the limitation of interpass temperature for Group No. 6 — Same as for P-No. 3 {sge Nome)
vartous slucknesses to avoid detrimensal effects on the Group 7 — Sante as for P-No. 3 (sze Note)

mechanical properties of heat treated marenal.
For P-No, 10D Group No. 4 and P-No. 10E Group No,

NOTE: Constderanon <hall b

vt the houraunen of mrerpass

) " o ; : temiperature for vanous el ses ro avead demmsntal effects on
5 materials. 300°F (149°C) wonth mnterpass temperature the haaical properties of hear meatsd marenals

(asloly ASME Sec VIII Div.1 Appendix R 5.b )56 5,554 ol Preheat £y s
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Piping ;s o )8 s IX
229 ax>l0 ASME B31.3 |, Table 330.1.1 « w4, Preheat glos O et sl pIpINg o

Table 330.1.1 Preheat Temperatures

Base i i
Metal  Weld Metal Specified Min. : :
P-No. or Anai‘ysis Nn‘m.inal wall Tensile Strength, Min. Temperature
5-No. A-No Thickness Base Metal Required Recommended
[Note {1} [Note (2)] Base Metal Group mm in. MPa ksi °C °F oc %
1 1 Carbon steel < 25 < < 490 571 A <ith i0 50
= 25 =1 All All v s Foih 79 175
Al All » 450 > 71 s oo 75 175
3 2011 Aloy sieels, <13 <4 5450 <71 i et 10 50
Cr < A% >13 =i All All e ‘e 79 175
Al All > 490 > 7l s iy 7 175
4 4 Alioy sieels, All All Al All 149 300
Yoo < Cr < 2%
SA, 5B, 4,5 Alloy steels, All Al Al Al 77 350
5C Y% < (r € 10%
6 6 High alloy sieels All Al All All ... ... 140 300°
martensitic
7 7 High alloy steels All Al all All e o 10 50
ferritic
S 8 9 High alloy steels All All All All 10 50
austenitic
A, 9B 0 Nickel altoy stesls All All All All 9% 260
10 . Cr—Cu steet All All All All 149204 300-400
10l . 27Cr steel Al All All Al 1487 2007
11ASGt ... 8Ni, &N stael All All Al All 10 50
11AS62 .., SNi stee! All All Al All 10 50
21-52 All All Al All s R 10 50
NQTES:

(1) P-Number or $-Number from BPV Code, Section IX, QW/QB-422.

(2) A-Number from Section IX, QW-442.

(3) Maintaln interpass lemperature between 177°C-232°C {350 - 450°F;.
(%) Maximurs: interpass temperature 316°C (600°F),

B31.3 &b Preheat slbo: f¥ S
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Table 331.1.1 Requirements for Heat Treatment

Base Specified Min. Helding Time
Metal Weld Metal < Tensile T Rrinell
P-No. Analysis Nominal Walt Strength, Nominal Wall Min H .(}n
or S-Nb. A-Number Thickness Base Metal Metal Temperatu-e Range [Note (3)] Timé a'M::bs'
[Note (1)) [Note (2)] Base Metal Group mm in. MPa ksi o min/mm  hr/in. hr [Hote (4}
1 1 Carban steel <19 s%h Al Al None Nene o e
>19 > ¥ All All 593649 1100~1200 2.4 ! 1
3 21 Alloy steels, 19 < £490 €71 None Nene . . .
Cr< 1% > 19 = ’/ All All 593-718 1100-1325 2.4 1 1 225
All Al =490 > 71 593-718 1100-1325 2.4 1 1 225
4 [Note (5)] 3 /\Il1oy stee:_s, ) <13 = b <490 571 Nore Nene o .. ..
% < CF < 2% »13 »Y Al All 704-746 13001375 2.4 1 2 225
All Al =490 > 71 704746 1300--1375 2.4 1 2 225
A, 50, 5C A% Alloy steels (2%4% < Cr < 10%)
[Note (4)] S 3% g and £ 0.15% € <13 <% Al All Nore Nene S ... .
< %% Crand € 0.15% € >13 v All Al 704-760 1300- 1460 2.4 1 2 241
» 3% CQror> 0.15% C All Al All Al 704=760 1300-1400 2.4 1 2 201
4 6 High alloy steels martensitic All All All All 742788 1350-1450 2.4 1 2 241
A 240 Gr. 429 All All All All 621-663 1150--1225 2.4 1 2 241
7 7 High alloy steels feritic All All All All Nore None
§ 80 High alloy steels austenitic All Alt All Al Nore None
9A, 9B 10 Nickel alloy steels $19 < f/? All All None Mone .. . ,
> 19 > A All All 593-635 1100-1175 1.2 Y 1
10 Cr—Cu steel Al All Al All 760-816 1400-1500 1.2 Y Y%
[Mote (6) [Note (6)]
Table 331.1.1 Requirements for Heat Treatment (Cont’d)
Base Spe;iﬁegl Min, Holding Time
Metal Weld Metal . ansie fnell
P-o Analysis Nominal Wall Strength, Nominal Watl Min H:'rr‘!‘r\;es
or S-N'm ANumber Thickness Basec Metal Metal Temperature Range [Note (3)} TlmL:, de '
[Note (1] [Note (2)] Base Metal Group mm n. MPa ksi °C oF min/mm hrfin. hr {Note {4)]
10H Duplex stainless steel All All All Al Note {7) Naote (7) 1.2 ' i
101 27Cr steel All All All All 633=-704 1225-1300 2.4 1 L
[Note (&) [Note (8)]
114 5G 1 8Ni, ONi steal 551 52 All all None None e .
» 51 =2 All All 552585 1025-1085 2.4 1 1
[Nute (9] [Note (9}]
114562 SN steel > 51 =2 All All 552--585 1025~1085 2.4 1 1
[Mote (9)] [Note (9)]
62 Zr REO703 All All All ANl 538593 1000~1100 Note {10) Note (10) 1
[Note {10)} [Nate (10)]
NOTES:
(1) P-Wumber or S-Number from BPV Code, Section X, QW/QR-422.
(2) A-Number from Section X, QW-442.
(3) For holding time in Sl metric units, use min/mm (minutes per mm thickness). For U.S. units, use hrfin, thickness.
(4) See para, 331.1.7.
(5) See Appendix F, para. F331.1.
(6) Cool as rapidly as possible after the hold peried.
(7) Postweld heat treatment is neither required nor prohibiterd, but any heat treatment applied shall be as required in the
material specification.
(B} Cooling rate to 649°C (1200°F) shall be tess than 56°C (100°F)/hr; thereafier, the cooling rate shall be fasl enough
to prevent embrittlement.
(9 Cooling rate shail be > 167°C (300°F) /hr to 316°C (600°F),
(10) Heal treal within 14 days after welding. Hoid tima shall be Increased by '/ hr for each 25 mm (U in.) over 25 mim
thickness. Cool to 427°C (800°F) at a rate = 278%C (500°F)/hy, per 25 mm (1 in.) nominal thickness, 278°C (500°0)/
hr max. Cool in still air from 427°C (800°F).
ASME B31.3 Para. 331.1.3 5.b dy) s Sas> ) Preheat :fo g
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Requirements o, Recommendations ,. m

Oy a8 solgins o5 i sles ASME B31.3 Para. 330.1.1 5.b «(Gaop3) o,m slsn 50 () Kig> plSin
098 Jleel wb p,F Giao sles s giee e Requirements ogis 4 o)l 1,5 Recommendations

330.1.1 Reguirements and  Recommendations,
Required and recommended minimam preheat temper-
atures for materials of various P-Numbers are piven in
Table 330.1.1. If the ambient temperature is below 0°C
(32°T), the recommendations in Table 330.1.1 become
requirements. The thickness intended in Table 330.1.1 is
that of the thicker component measured at the joint.

B31.3 Lulul 5 )5 i ol el by s £7 S
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PWHT (Post Weld Heat Treatment) ()¢

HLad coxi 3k 1y PWHT 3%

e L8 S e jo ol (il Olles d0ssS i Jele ¥
UW2 5llao) G350 s ()
(UCS 56 &lkao) o350 JU e o bl p ceales (Y

fomt gy =)
ga Mandatory . PWHT olilee bl saiiS olye 5t s s 455 ,50,5 ASME Sec VIII Div.] UW2 5L

TUW-2 SERVICE RESTRICTIONS

(@) When vessels are to contain lethal® substances,
either liquid or gaseous. all burt welded joints shall
be fully radiographed. except under the provisions of
UW-2(a}2) and UW-2(a)(3) below. and UW-11{a)4).
When fabricated of carbon or low alloy steel. such
vessels shall be postweld heat weated. When a vessel
SALES perg iy S9l> (y3e @10 Ui 9,90 ;0 ASME Sec VIII Div.l UW2 Jaall)gs :fY S

U._,
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P-No. 1 Gr- gl Jle jahay sl oas jaseio wigh PWHT conlie a5 oleles diliza JU e slp UCS 56 5.0
S S 5 32mm i celis gl g 0ed plal oloy i Wb asb 38mm -l e culis 4SS, 40,0 No. 1&2&3
3 (D) SLFLL b oo PWHT  5Ls sl ood Jlac1 93°C (los b o5 (i wlilos (6,0 plin axiliz 38mm
UCS-56 Jslo> Note

oot 008 by UCS-56 (sledgom 5o il slodly e sl 6,045 oloy ke g boo ¢ cualieas E;jm

TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS

Finimum Halding Time at Normal Temperatuie

Mormal Holding for Nominal Thickness [See UW-40({})
Temperatuis,
CFCY, Mink- Upte 2 in. Quer 2 in.to 5 in, Qver 5 i,
Raterial U {51 mnn (51 nun 1o 127 {127 mm}
P-No. 1 1100 (5393} 1 hwfing (2% mn, 2 hy phis 15 min for 2 S 1% min
Gr. Hes, 1, 2, 3 15 min minlmum each additional il Iy addi-

Soram over 2 . tlonal heh &5
(51 mm? mmd over 2 .
(51 mm?

Gr. Moo 4 R, Nane MNaone Hone
NOTES:
(13 When It s Im; = fed Inothis Tab bIs permilssible 1o carry out the postweld heae

A tix 1! 10 p r'*'wlﬁ hmt ti*‘lt cll mr Aemperature

ceowlth Table UG &1

‘x xh ;tf e

ie’ lnlnts Sl 338 il aoninal ilckness uniess preheat §s applisd at a

poexcept postweld heat treatment 15 0ot mandatory under the conditions

1

ds not over Y, I, (13 mm size and fltlet welds with a throat not over 24 In. (13 mm} that attach nozzle connections
a finlshed inside dameter not greater than 2 . (51 mim?, provided rhr conrections do not farn Haaments that require
ease 1 shell or head thickness, and preheat to a minimum temperature of 200°F s apphied;

(2} fu qm = welds not over 34 In. (13 mm I slze ar fillet welds with a throat thickness of L5 fn, (12 mm) or less that attach wibes

t0 a4 tubesheet when the rub~ Hamwter Joes not X 2 ; 3
o6 nrm of the utvc et exceeds O
& 4 e (1A mund I slze or flllet welds with a throat thilckne y

ire parts provided prehedr oo 3 N temperature d ZOOYF (%
S 10 I (32 mn;

3 mm v or jess wsed for attaching
S applied when the thickness

g Iuitb 10
of the pressurs part #x0

(4) for studs welded to pressure parns p ded prebeat to a minimem temperature of 260°F (
the pressure part exceeds 154 In. (32 mmy;

53 for corrosion reshtant weld metal overlay cladding or for welds attaching corrosion reslstant applied Hnlng (see UCL-347 provided
preheat 10 a minlmum teriperature of 200°F (9350 Is maintalned during application of the first layver when the thickness of the
pressire part excesds 1% In. (22 mm).

Vs applied when the thickness of

WA o= not applicable

UCS-56 Jsloz b calises JUyie 5L5 0550 olo i FA JSUs

£
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TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)

Kinimem Holding Time at Normal Tempsraturs

Normal Holding for Nominal Thicknass [Ses UW-40¢1)]
Temperature,
°F {°€), Up to 2 in. Guer 2 In.to 5 . Qver 5 in.
Material tinfmuin (&1 51 to 127 wn) {127 mmn)
P-Na. 4 1100 (523} 1 hrsdne (25 e, 1 hedne (25 mm3 5 plus 1% min
Gr. Hes. 1, 2 15 main minimnam for #ach

affitional i
(25 0y over
S I £127 o

MOT E‘i :

! : mwnnnnn n thic lh
£45 Un““wﬁ welding p

F-nr thisse nmtelld‘,. ;.n w.r:'hl heat treatment s mandatory
seedive qualification described in UCS-56(a) has been made

1! o gmm-t th} nmn t - P
(bioon material of atl thicknesses If required by UwW-2
{00 on all other P-No, 4 Gr, CLand Zomasrials,
(2% Postweld heat treaunent 16 not mandatory under the conditions specified below;
(@ for chrcumferential bt welds i plpe or tube of P-RNo. 9 materials where the pipe or tubes comply with all of the following conditlons:
$13 A Maximum nontial ousside d.am»m of 4 I, (DR 100y
(23 4 maximum nortnal thickness of % . {16 mm);
(33 a maximum specifled carbon content of not more than 0.15% (54 material specification carbon content, except when further
limtted by the purchaser o @ value within the speciflcadion i)
{40 a miakmur preheat of 250°F {121°ChH
iy for P-MO. 4 pipe or tube materlals meeting the requirements of (231, (2
fitlet welded to them provided:
13 the fillet welds have a maxioum throat thickness of b
C2Y A miptrmum preheat termperatre of 2507 5 applien
foe far P-No, 4 plpe or e marerials resting the requirernents of <23Ga 1), 2
arndimuns preheat emperature of 250°F (12170 s applisd,

(a¥d 3% ahove, having nonpressunrs atachimesnts

. (13w

axizs, aml (23ar sy above, having studs welded to therg,

TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONTD}

Normal Holding
Temperatire,

oF (°0), Kimmum Holding Time at Normal Temperaturs
Katerial Minimm for Nominal Thickness [See UW-40{6)]

FMo, 9A Gr, Mo, 1 1160 (8593 1 b mintmun, plus 1" mirdo. 225 s for
thickness over 1 WL (2%

MOTES:
10 When Ir [s lmpractical 1o postweid heat t)mt at ﬂw mm-cs dmw 3§-*x #ed in this
HRAtNEN 3L Fower tempet :
{2y Exespt for exemptions In Hote
@ onaterlal over g in (186 mm namm:il thick 1R,
trEatment 15 mandatiry un
than the production
{hy onmatgrial of all thic
eldd beat treatment 1s 1ot nmnd mn, un Jm mumm
for clecumderential butt welds In pips or wibes where the
1y a maximum neminal outstde dlameter of 4 In (DR
€23 a maxtinum thickness of 4 in, (13 mm;
Amnasimum speciied carbon content of not more than 0.1%% {5
Henitsd By the purchassr to a value within the specification Himits);
{43 & minirnam pred

Table, it 05 permissible tv G m ¥ r)llt tht‘ pistweld hea
rf Hmr In ar ¢ }

For materlal up to and Including >
wis g welding procedure quatification described i U055

cified below:
;»s;w or tubes comply with all the following conditions;

I

marerial spectfication carbon Cantent, exceps when further

b for plpe or tube materials meeting the mlhmlf-m of (:
de

a1y (3@, and (3300402 aboyve, having atachments fillet welded

them, proyi
{13 the Hiliet v

£lds Nave a throat ehickness of b4l (13 mmy or lesy;
2y the marerlal s preheatsd oo " mluhnum BNt eheating emperatirs may be used pr
PrOCEUIres necessary 1o praduce sound welded Jolnts ars used, Such pracedurss shall Include bl shall not be Himited 0 die following:
3y The throat thickness of fillet we hall be Y i £13 muny or less,
Y The maximunt continuous length of fillet walds shatl be not over 4 e (102 mm.
(03 The thickness of the test plate used In making the welding procedure qualification of Sectlan IX shall not be 1265 than that
of the materfal to be welded,
o far attaching nong re parts to pressure pares with grocve welds not over *
tlilckness of 14 (13 et ar less, provided prebeat to 2 minimum @mperatire o
0 pressure parts provided to & minimun tmperatiee of
i ant welkl metal srlay Cla
[ t‘hrdi tu & mininm eraperatre of PE.(
(43 WWhEN Hhe Deating raee 15 ess than S0°F (28%CUhr between B00°F (4277 dditional 15 minn, (25 mm>
heddig time 15 not Lired, Additionadly, w the manufactires <ag p that the minhmam temperatire has b achieved
throtghout the thickness, the additional 15 mindn. 25 mmd holding tme s not mquam‘i

dedt specifically controlled

ze op flllet walds that have athroae
s applied;

apptled;
lnn resi mu‘.t JM llml Hiving (ose HOL-340 provded

b and thP hoidlnj tf‘lmr’l «tun— tIE"

¢y




TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D>

Minimum Holding Time at Nerma) Temperature

Normal Holding for Neminal Thickness [See UW-40(f))
Temperaturs,
Y (*Cy, Upto 2 in. Over 2 in. te 5 in. Quer 5 in
WMatsriat Pinfmuim (51 mr) (51 nom 1o 127 ) 127 mm)
\, RR Gr. Now 1, 1250 T hedin (25 mimg, 1 b, (25 ) 5 hyplus 15 min
K772 15 mib minimum for each
additlanal
e ncle 2% v
a¥er 5 n
(127 i
PN, 5B 1300
Gr. Ho. 2 i

NOTES:
{1} Exce

uneer the tollowing conditions
Lal Fru rimumﬁtm\m Mm welds I plpe or wibe whers the plps or uts ¢
maximun speciflz l t:hf‘i’-l‘nil.fl'n content of 3,00
] 2iaum ne GLESHoe ¢ we of 4 In (DN 1000
{23 a makimum nay f o I 416 mmy;
(43 & maximum specifizd carbon ;nwm of ot ore mm
Himited by the pu t0o & valug within the &
(53 & min lmilm urr'hr-. 1 of 300°F (14970 I3
meethisg the vequlvements of (23
ti fdesct:
(13 the fillzt welkls have 3 maxhmum tiroat thickne:
(2% a minioum prebeat temperatire of 300%F (1495
@y for plps or ke masrials mesthg the re
provided a minimum prehear enperatine of
When e s ln’z;:n'af:tl(ai 10 posteeid h%-it P~H 05, 5»‘4, 5

omply el all of the following conditions:

{13, @

of 1500 (12w

{232

and L2 axds hadng suds welded 1o them

Mo, 1 materials at the temiperatire speciied in tis Table,
{ 3o provided tha for material up to 2 i (51 mm;
arer of 4 hr milnfum or 4 hedn, (25 mme of thickness; for thicknes v 2 i
The requiremsnss of UCH-85 must be aeoormmodated In dhls reduction In postweld

L'l M, the ‘mlwml—d hulmm tlmr“x are mult!pilf‘» t,s) 4.
h&at eatmsnt.

TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D?

Finimum Halding Time at Normal Temperaturs

Narmal Holding for Nominal Thickness [See UMW-40(13]
Tempaiaturs,
“F {°C), Up to 2 in. Over 2 10, t0 5 in, Over 5 in,
WMaterial Minimini 51 mmy {51 mm to 127 mm) {127 mm)
F-Ho, 3 1100 8 1 brfla. €25 mng, 2 hre plus 15 min for 2 hr plus 15 min
Gro Mo 1,2, 3 15 min miglmuni each additonal Inch for each
(2%l over 2 0n. additional Inch
(51 mm (25 mInd over

2 (51

sl he At nz,,u Al the 15 permissible to carvy out the padweld heat

o]

stweld Heat treaunesnt s
ualitication described in

AOFY O 1 ﬂ!‘l[d] Ut m»E inctuding
{a) has l:rr':L made It Ul or areater thlf)\ 5N than tht* L,II-HWH'-H ‘MM
canes lmuhwl lu U /

conditions spectfled helow:
(SA materlal specificadon
s with gr

mun et nf nuf np b
Jue welthin the *"u”!!.dthH THYHES 3 G NOPEre sy
a throat thickness of Lo ino (02 mn ar les i

‘rifim nn mxum i
y uw mw haser 1o i

l~ H ;, (w
=S I ( o tube where the plpe o wibe fae
hnn cortent of Nt mmr- than o

ath @ nominal wall thickness of Y, in. Q03 mme or less and
specification carbon contant, except when furthar Himiced

0
e i value s the specification Himlbes)

A materlal spectflcation
=ar 1o A mindmum

43 when weldsd
fication carbon content,
FAt o a niindmum peratire of

wIICh have a3 i carbon ¢ 5 > (S& material spe
HiE ﬂwr Honited by the Chaser th A value wi i
Aloation of the
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TABLE UCS-56.1
ALTERNATIVE POSTWELD HEAT TREATMENT
REQUIREMENTS FOR CARBON
AND LOW ALLOY STEELS
Applicable Only When Permitted in Table UCS-56
Decrease In
Temperature

Below Minimum Minimunm Helding
Specified Time [Note {13
Temperature, at Decreased
°F (38} Temperaturs, hr Notes
58 £78)
100 (560 4
150 (83 10 (23
200 {111 20 (2)

NOTES:

{1y Binimum bolding time for 1n. 2% mm? thickness ar less, Add
15 minutes per Inch (25 mim of thickness for thicknesses qreater
than 1 In. 425 mm),

(21 These lower postweld heat treatment wmper atures permitted only
for P-Ho. 1 Gr. Hos. 1 and 2 materials.

UCS-56.1 bl 2 moylo blucsl codgams a5 bl o Holding Temperature sl :£9 Jss

2 9 Ogduce aily a5 el Jow HOldINg (sles ;o oo g5,8 (o ,00 oo ) L 5 Jlogei 3ub ol as PWHT i,

Dgens 3 o patuion 755 b Coled

Temperature 4

Holding Time
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Heating Rate m
2095 222°C/ hr ) s wls Giale )8 75 o i 427°C 5l Les aSST 51 o PWHT sl b s UWS6 5.l

(2) Above SOO°F (427°C). the rate” of heating
shall be not more than 400°Fduw 222°C ) divided
by the maxinnun metal thickness of tle shell or head
plate in inches. but m no case more than J00°F T
(222°C/hiry, During the heating pertod there shall nor
be a greater varnation i temperature throughout the
portion of the vessel bemg heated than 250°F (139°C)
within any 15 ft (4.6 m) mterval of length.

UWS56 s.b iule)S 7,50 JSs

Cooling Rate =
Dgiue 390 278°C/ hr 2Slas 4y ioloy 75 427°C 51 5YL slos 40 el i (pod @

(37 Above S800°F (427°C). cooling shall be done
in a closed furnace or cooling chamber at a rate’not
greater than S00°F/lu divided by the maximum metal
thickness of the shell or head plate m inches. but in
no case more than S00°F/lw (278°C). From 800°F
(427°C) the vessel may be cooled in stull air.

UW56 b jioleywr 5 DY S5

PWHT §l oy by> Clyass
PWHT jlan sl (31,55201, g e RePAT 5050000 4, J5:3 L 5330000 JIPWHT jlam (g2 ogee Lan aSil 4 a2 55 |
el S yge0 90 4 ST PWHT comog 058 plonl Ol eons PWHT jlom a8 90,0 Jl> 058 plxil

s b L PWHT -y

o)l L PWHT -y
el 5 gy bty Slpand 5l ey S0z PWHT 0 Ll

(0ALES g poo) 0l 00 el g g5 bl p PWHT a5 j0 )0 -

15 0 sl Coalieds ) i s Ba Eyame 5 4l i plal ol oy PWHT a5 900
a3L ASME Sec VIII UCS 56 Para. f(2)

(2) The total repair depth shall not exceed 1*4 in.
(38 mm) for P-No. 1 Group Nos. 1. 2. and 3 materials
nd in. {16 mm) for P-No. 3 Group Nos. 1. 2, and
materials. The total depth of a weld repair shall be
taken as the sum of the depths for repairs made from
both sides of a weld ar a given location.
ASME Sec VIII UCS 56 Para. f(2) oy <
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255 el Temper Bead Welding g, (ololp yeoms Sldes -

Temper Bead Welding oo m
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For weld repairs of vessels originally postweld heat treated
as a code requirement and constructed of P-1 and P-3 steels
listed in the ASME Code, @ temnper-bead welding technigue
may be used in liew of postweld heat weatment, If a
temper-bead welding technique is to be used, the following
requirements must be met:

a. The weld area shall be preheated und maintained at a mini
mum emperature of IICFTTTSC) during welling. The max-
imum interpass lemperature shall be 450°F (230°C).

b. The initial layer of weld metal shall be deposited over the
entire arca with Y-inch (3-millimeter) maximum diameter
clectrodes. Approximately one-half the thickness of this layer
shall be removed by grinding before subsequent layers are
depasited. Subsequent layers shall be deposited with “Axinch
(4-millimeter) maximum diameter electrodes in a manner to
ensure tempering of the prior beads and their heat-affected
zones, The final temperhead reinforcement layer shall be
removed substantially flush with the surface of the base mate-
rial or the previous weld layer.

¢. Heat input shatl be controlled withm a specified range of
welding current and voltage.

d. The weld area shall be maintained at a temperature of
S500°F 150°F (260°C 428°C) for a minimum of 2 hours after
completion of the weld repair.

e. The repair welding shall be witnessed by (he authorized
pressure vessel ingpector.

f. The weld mectal shall be deposited by the manual
shiclded metal ar¢ process using low-hydrogen electrodes.
The maximum bead width shall be four times the electrode
core diareler.

g The use of the temper-bead welding wechnique 15 to be
restricted (o temper-bead welding those steels that mect the
postweld  heal treatment exemption critesia found  in
UCS-36(0) (1) through (4) of Section VUI, Division 1, of the
ASME Code. If the depth of the repair exceeds the maximum
thickness exempt from local postweld heat treatment, the
repair weld shall be postweld heat-treated in accordance with
the applicable requirements of the ASME Code.

Temper Bead Welding 5, Kag> g, 00 JSi
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() The weld metal shall be deposited by the
manual shielded metal arc process using low hydrogen
electrodes. The electrodes shall be properly condinoned
in accordance with Section II Part C. SFA-5.5, Appen-
dix A3.6. The maximum bead width shall be four tumes
the electrode core diameter.
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Table 331.1.1 Reguirements for Heat Treatment

B Specified Min. Holding Time
Gy Tenslle Brinell
B, Weld Metal Nominal Wall Strength, Nominal Wall i Hard
P-N Analysis Min. ardness,
& ﬁ‘ AN yber Thickness Base Metal Metal Temperature Range [Note (3)] Time Max.
or S-No. -Num ) - _ - 4
[Note (1)] {Note (2)] Base Metal Group | mm in. MPa ksi °C oF min/mm  hrfin. hr [Note (4)]
1 1 Carbon steel | <19 <% Al Al None None e X
>19 s, All All 593-649 1100-1200 2.4 1 1 F
i -
3 2,11 Alloy steels, <19 < <490 <71 None None el ... L. e
Cr<'h% >19 >% Al All 593-718 | 1100-1325 2.4 1 1 225
All All > 490 >71 593-718 1100-1325 2.4 1 1 225
4 [Note (5)] 3 Alloy steels, €13 <% s490 <71 None " None s e - .
V6% < Cr £ 2% >13 > All All 704-746 1300-1375 2.4 1 2 225
' All All > 490 >71 704~746 1300~1375 2.4 1 2 225
I
5A, 58, 5C 4,5 Alloy steels (2%/,% < Cr £ 10%)
[Note (5)] <3% Crand £ 0.15% C | £13 A All All None None . .. o o
<3% Crand $0.15% C | > 13 >% Al All 704-760 1300-1400 2.4 1 2 241
>3% Cror»0.15% C All Al All All 704-760 13001400 2.4 1 2 241
6 6 High alloy steels martensitic All All All All 732-788 1350-1450 2.4 1 2 241
A 240 Gr. 429 All All All All 621-663 : 11501225 2.4 1 2 241
7 7 High alloy steels ferritic All All All All None None
8 8,9 High alloy steels austenitic | All All All All None None .
9A, 9B 10 Nicke! alloy steels : <19 <% Al All None None ... . o
p >19 >3, All All 593635 1100-1175 1.2 % 1
10 Cr-Cu steel ‘ Al Al Al Al 760-816  1400-1500 1.2 A Y
| [Note (6)] [Note (6)]
Table 331.1.1 Requirements for Heat Treatment (Cont’d)
Pasa Specified Min, Holding Time
Metal Weld Metal . Tensile Brinell
PN Analysi Nominal Wall Strength, Nominal Wall .

o, nalysis Thick Buge Matal Metal T Min.  Rardness,
or §-No. A-Number ickness ase Meta etal Temperature Range [Note (3)] Time, Max.
[Note (1)] [{Note (2)] Base Metal Group mm in. MPa ksl °C oF min/mm hrfin. hr [Note (4)]

10H e Duplex stainless steel All All All All Note (7) Note (7) 1.2 P Y
10! 27Cr steel All All All All 663-704 1225-1300 2.4 1 1
[Note (8)] [Note (8)]
11A SG 1 8Ni, 9Ni steel <51 <2 All All Nong None e s e
> 51 >2 All All 552-585 1025-1085 2.4 1 1
[Note (9)] [Note (9)]
11A 562 - 5Ni steel > 51 >2 All All 552-585 1025-1085 2.4 1 1
[Note (9)] [Note (5)]
62 2Zr R60705 All All All All 538-593 1000~1100 Note (10}  Note (10) 1
[Note (10)] [Note (10)]
NOTES:
(1) P-Number or S-Number from BPY Code, Section IX, QW/QB-422.
(2) A-Number from Section IX, QW-442.
(3) For holding time in SI metric units, use min/mm (minutes per mm thickness). For U.S. units, use hr/in. thickness.
(4) See para, 331.1.7.
(5) See Appendix F, para. F331.1.
(6) Cool as rapidly as possible after the hold period.
(7) Postweld heat treatment Is neither required nor prohibited, but anhy heat treatment applied shall be as required in the
material specification.
(8) Coaoling rate to 649°C (1200°F) shall be less than 56°C (100°F)/hr; thereafter, the cooling rate shall be fast enough
to prevent embrittlement.
(9) Cooling rate shall be > 167°C (300°F)}/hr to 316°C (600°F).
(10

Heat treat within 14 days after welding. Hold time shall be increased by A hr for each 25 mm (1 in)) over 25 mm

thickness., Cool to 427°C (800°F) at a rate < 278°C (500°P)/hr, per 25 mm (1 in.) nominal thickness, 278°C (500°F)/
hr max. Cool in still air from 427°C (800°P).
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Fig. UCS-66 2001 SECTION VIII — DIVISION 1

FIG. UCS-66 (CONT'D)
aEl\JERAL MOTES ON ASSIGNMENT GF MATERIALS TO CURVES:
(ar <L Iles to:
(13 aII carbaon and all low alloy steel plates, structural shapes, and bars not listed In Curves B, C, and D below;
(2) SA-21 rades WOB and WCC If normallzed and tempered or water-quenched and tempersd; SA-217 Grade WCe If normalized
and tempered o water-quenched and tempered.
by Curve B applies to;

SA-216 Grade WCA If normalized and tempersd ar water-quenched and tempered
SA-216 Grades W LB and WCL for thicknesses not exceeding 2 In, (31 mml, If produced to fine grain practice and water-quenched

and tempered

‘3-—‘:—‘*1‘»’ Gra
ades A

Grd-je A

Grade 40

hoGrades 65 and 70 If not normalized

2 If not f](..lll]d|12':(1

i&rad% B If not normallzed;

steels, all materlals of Curve A If produced to fne grain practice and normallzed whilch are not lsted In Curyes

WCe IF normalized and tempered
and B

o dnd [' Lwll 10
all plpe, Attings, forgings and tublng not lsted for Curves © and D below;
boparts permitted under UG-11 shall be Included In Curve B even whien fabrlcated from plate that otherwise would be asslangd o
a different curve.
ey Lurve G
(1) ‘.A 182 Grades 21 and 22 If normalized arnd tempered
5 Z arades ©and D
Fzl and Fz2 If normallzed and tempered
Grades 21 and 22 1f normallzed and tempered
rades 5% and &0 [f not normallzed
Grades B oand C
; 2 Grade A;
(2} wll Illdt"ll’l| of Curve BOIf produced o fine grain practice and normalized and niot Hsted for Curve D below,
{y Curve D

)

& arade 1

5 IF normallzed
Classes 1 and 2
Classes 1, 2, and 3

If normallzed
Fonormallzed

with Choand v deliberately added In accordance with the provislons of the materlal specihcatlon, not colder than

5 B ot colder than =20%F (=24°C)
(ei For Llu|t|IU and nuts, the fallowing Impact test exemptlon temperature shall apply:

Builting

Imr-. ct Test En’—nuntlun

Spec. M. Grade

: "ff-‘l mn dla and ucer]
SAncto 7 e (a4 mim ta 173 mng,

Iicl. ]
BT
Bl
B
L7, L7A, LTI, LAz

Gener
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GEMERAL NOTES ON ASSIGNRENT OF MATERIALS TO CURVES {CORNT DO

Muts
Impact Test Exemption
Spec. Mo Grade Temperature, “F (*CY
SA-194 2, 2H, ZHK, 3,4, 7, 7K, and 14 55 (—48)
BA-540 E 24 —55 (—45)

3 When no class or grade Is shown, all classes or grades are Included,
(g The following shall apply to all materlal assignment notes.
(1) Coollng rates faster than those obtalned by cooling In alr, followed by tempering, as permittzd by the material specthcation, are conslidered
v ke equivaleant to normallzing or normalizing and tempering heat treatments,
(zy Fine araln practices s defined as the procedure necessary to abtain a fine austenitlc aralin slze as described Iy SA-20.

MOTES:
(13 Tablar values for thls Flaurs are provided In Table UCS-64.
(20 castings not Hsted In General Motes (@3 and (b above shall be mpact tested.

Fig UCS-66 sl 2y S

ol (558 Ay o 123l 3TMM Culies §-23 Loy Jolas axils 3l B og ) a0 o Uy azuliz e

140 {60)

120 (49}

1090 (381

80 (27}

/
T
/

/
e
/ F
0120 o E/ / o~
[

6O 16)

\

o
o

40 {4}

\

Iinbmum Design Metal Temperatuee, °F °Cl

AN
N

~55 (48] - — =

-6 {~50)

Irmpact testing required
-
| l ]

0.394 110} 1425} 2i61) 34765 41102} 54127}

-BO (-62]
Nominal Thickness, in. imnt
[Limnited to 4 in. {102 nuni for Welded Constiuation]

General Notes anid Notes follow an next twe pages

F

G. UCS-66 IMPACT TEST EXEMPTION CURVES [SEE NOTES (1} AND (2)1 [SEE UCS-661a})
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A\

;\.,\ \\.\ Yl v\‘
Energy NN\
inft/lbs A

kK h

“ o N | } Charpy
3 w20 4 V-Notch
'[‘ Specimen

<" Charpy Impact WP
Test Machine | o

Q35 S plag] bg0u PV SUD

A% Full-Section cdl> pl 4 il azsls cubes 10 MM oS5 50 40 5 Job 5.5 Cm aeSs oolel a5 (gl anlad
bt Sub-Section cl> SMMm cubks b s .an 5% Sub-Section el cpl 4 ol 10 mm 51 s cubies axls

Dgie

0,315 In, 48 g
| 2 B0 111, (BB NN i _l +

A\ Ty
0.394 in. j
{10 mim) [Note {11

Q010 in. 7
{0.25 mm) R__/\__

A et

deg

NQOTE:
{1} See UG-Bdic) for thickness of reduced size specimen.

FIG. UG-84 SIMPLE BEAM IMPACT TEST
SPECIMENS (CHARPY TYPE TEST)
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ALLOY STEELS, HAVING A SPECIFIED MINIMUK TENSILE STRENGTH OF LESS THAN 95 ksi,

24

Maximum Nominal Thickness of Material or Weld, in. {mm}

GENERAL NOTES:
ab interpolation batween

e shall not

Mo

FSAZ0, and
Fominhmuem

UG-8dic

CHARPY V-MOTCH TMPACT TEST REQUIREMENTS FOR FULL SIZE SPECIMENS FOR CARBON

LISTED IN TABLE UCS.23
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TABLE A2.15
GENERALLY AVAILABLE GRADE-THICKNESS-MINIMUM TEST TEMPERATURE COMBINATIONS MEETING
CHARPY V-NOTCH REQUIREMENTS INDICATED (NORMALIZED OR QUENCHED AND TEMPERED CONDITION?

Acceptance Criteria Charpy V-Moteh

Eneray Absorption

Average For 3
Specimens?, J,

Class? fmin

Minimum
For 1

Spenimen,

J

Specification and Grade

Teat Temperature, “C for Plate Thicknesses

iUnless Otherwize Agresd

Upon)

25 mm and
Under

Ouer 2%
nim o 54
mm, ingl.

i o

Over 50
>

/
mni, inc

Quer 75
5 mmte 125
ki nim, ingl,

I 14

1 13

10

14

14

[

arade 4
Grale B

> I I

) S =4

(33 mm

(32 mm

I I
o
Gao

et A

= L
—r

2 Grade 4
2 Graie B

Q.
a

I I=
g o

a
Pl T

13 Grade B
Graie E
3 darade F (100

& Grade 7o

2 Grade

er £4-100

mm

Class 1oied mim mass
37 Class 2 tOver &4-100

+4
+10
+1&
-1

+2

-4

L
-1

-1a1

. —&0
—H0
-5
—&3 —i=0
=101 -37
~107

—-35
—&0 —&i)
—&0

—4i
—é

—3

~4&

=107
+4

9t
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258 cns UW=2(3)(b) S50 sillae ceslowe A,B,C,D (Categories) slos pomis

th) When vessels are to aperate below cortamn temper-

atures designated by Part UCS (see UCS-6GN} o nmpact
tests o the material or weld metal are required by
Part UHAL the tomis of varous categeries isee UW-
31 shall be as follows,

i All oty ol (.'uxlvi;_‘ﬁl‘}{ A shall ke ‘i‘}']‘u‘ No,
(hy of Table UW-12 except that tor austenitie chro-
mmenickel stainless steels bisted o UHA-SHidschiag
which satsfy the requicements of UHASSHD, Type
No. 121 joints may be used.

(20 All jois of Category B shiall be Tyvpe No
tl or Noo (25 of Table UW-12

(350 Al Jonts of Category C shall be full penctra-
ton owelds oxtending theeugh the ontire section al
the ot

Al omts of Category 1 shall be full penctra-
ton wekls extending through the entire thickness of
the wvessel wall or nezele wall except that partial
penctratton welds may be used between materials histed

ur Table UHA-23 as (blHows:

Jlid s e slaJoint glgl gl cans plowl Lol g £V IS0
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals
These Toughness Test Requirements Are in Additlon to Tests Required by the Material Specification

Type of Material

Column A

Design Minimum Temperature at or Above Min. Temy. in Table A-1 or Fig.

323.2.2A

Column B
Design Minimum Temperature Below
Min. Temp. in Tahle A-1
or Fig. 323.2,2A

Listed Materfals

1 Gray cast iron

A-1 No additional equirements

B-1 No additional recuiraments

Maleable and quctile
cast Iron; cathor steel
per Note (1)

N

A-2 No additional requiramerts

B-2 Materais desigrated in Bax 2 shali
not be uscer,

(2) Base Metal

(b) Weld Metal and Heat Affected
Zona {HAZ) [Note (2)}

Other cabon steels, low
and intermediate alicy
steels, high alioy ferritic
staels, duplex stalniess
staels

w

A3 (3} Mo additional require-

ments

A3 () Weld metal deposits shall be
impact tested ser para. 323.3 if
design min. tem. < —28°C
{--20°F), excep® as provided in
Mares (3} anc (5), and except z5
Fotlews: for materials listed for
Curves € and D of Fig. 323.2.24,
wheare conmesperding welding con-
sumables are qualified by Impact
testing at the design minimum tam-
peratuse ar lower in accordince
with the applicasle AWS specifica-
tior, additional testing is not
required.

B-3 Except as prov.dad in Notes (3)
ard /5), hee? treat hase mezal per
applicable ASTM specificetion listed
In para. 323.3.2; ther impact test
bese metal, weld deposits, and HAZ
per para. 323.3 [see Note (2)]. When
marerais are used ar design min.
tinp, below the assigned curve as
permitted by Notes {2} and {3) of
Hg, 323.2.24, welil deposils and
HAZ shall be impacs tested [see
Nete (2).

4 Austenitic stainless
steels

Ak (3) If:

(13 carbon content by analysis
> 0.1%; or

(2) material is notin solution
hezt lreated condition;
then, impact test per para.

323.3 for design min. femp.

< ~25°C (—20°F) except as
provided in Notes (2) and
&)

A-4 [h) Weic metal depcsits shall be
impaci tested per para. 323.3 if
design min. temp. < =25°C (=20°7)
except as provided in para.
323.2.2 and In Notes (3) and (8)

B-4 Base metal and weld metai depas-
its shall be impact lested per para.
32134, See Notes (2}, (3], and {6;.

5 Austenitlc ductile fron,
ASTM A 571

A-5 (a} No additional recuire-

ments

A-5 (b} Walding is not permittzd

B-5 3ase meta! sha'l be impact testad
per pars, 323.3. Do ol use

96°C (-320°0). Weldirg is not

pesmitted.

6 Aluminum, copper,
nickel, anc thelr alioys;
unailoyed titanium

A-6 (a) No additional require-

ments

A-8 (b) Mo additionz! requiremeants
utiless filler metal composition is
outside the range for hase metal
composition; then test per column
86

B-6 Desizner shall be assured by sult-
a0l2 tests [se= Nole ()] that base
metal, vield deposits, and HAZ ara
siitable at the design min, Llemp,

tnlisted Materials

a listed matanal, “equirements for the corresponding Ustard material
appiicable section of calumn B.

7 An unlisted material shall conform to a published specification. Where composition, neat treatment, and product form are comparable to those of
shzll bz et Other unlisted materfa’s shall be gualified s requived in tae

Notes to this Table foilow on next page

B31.3 sb hie led o Olls gl ayd cens 4y 5Ls & jae 1 PA IS
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(04) Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals (Cont’d)
NOTES:
{1} Carbon steels conforming to the foliowing are subject to the limizations in Box B-2; piates per ASTM A 36, A 283, ard
A 570; pipe per ASTM A 134 when made from these plates; and pice per ASTM A 53 Typa F and APl 5L Gr, 425 Eutt
weld.
impact tests that meat the requirements of Table 323.3.1, which are perfermed as part of the weld procedure
qualification, will satisly all raquirernents of para. 323.2.2, and ncad not be repeated for production welds.
(3} Impact testing is not required If the design minimum temperature is helow =29°C (—20°F) but &1 or above -~ 104°C
{(~155°F) and the Stress Ratio defined in Fig. 323.2.23 does nct exceed 0.3.
(4) Tests may incluce tensile slongation, sharp-notch tensile strength {to be compared with unnotched tensile strength},
and/or other tests, conducted at or below design minimum temperature. See also para. 323.3.4.
Impact tests are not required when the maximum obtairable Charpy specimen has a width along the notch of less than
2.5 mm (0.098 in.). Under these conditions, the design minimum temperature skall nat e less then the lower of
~48°C (~55°F) ar the minimum temperature for the material in Table A-1.
(6) Impact tesis are not required when the maximum obtainable Charpy speciman has a width along the notch of [ess than
2.5 mm {0.098 in.). J
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‘ Fig. 323.2.28 Minimum Temperatures Without Impact Testing for Catbon Steel Materials
{Ses Tadble A1 for Designated Curve for a Listed Matonal) see Table 323.2.24 for Tabular Values) |
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ASME B31.3-2004 APPENDIX A

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cant’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. : Min.
5-No. Temp., _Strengih, ksi Temp.
Material Spec. No. (5) Grade Notes “F (6) Tensite Yield to 160 200 300
Carbon Steel
Pipes and Tubes {2)
A 285 GL A A 134 1 B (8b3(s7) B 45 2 15.0 14.6 14
A 235 Gr, A A 677 1 ALS (57){59)a7) B 45 ‘ 15.0 146 142
Butt weld API 5( §-1 A25 (8a) I -20 45 26 50 148
Sinls & ERW APl 5L 51 A25 (57)(59} 3 45 25 15.0 15.0 145
A 179 1 (56759 =20 47 26 15.7 15.0 142
Type F A3 1 A (Ba)(77) I 20 %8 30 15.0 160 160
i A 139 $-1 A (8977 A 48 36 16.0 15.0 160
A 587 1 (57359} ~20 48 30 16.0 160 160
A 53 3 A (5759
A 106 1 A (57)
A 135 1 A (57359, B 45 30 16.0 16.0 16.0
A 369 1 FPA (57) !
APY 5L 51 A GAEHEN
A 285G B A134 1 . {en)y (57} I B 0 27 16,7 16.4 16.0
A285¢6r B A 672 1 A50 (57)(30)(67} R 50 27 16.7 16.4  16.0
A 285G C A 134 1 . {8b)(57) | A 55 30 3 183 177
A 524 1 ] Y] -20 55 30 3 183 177
A 333 1 1
... A 334 1 1 (571(59) ~50 55 30 18.3 183 177
A285Gr.C A 671 i (A5 (col(¢7) A
A2856Gr. C A 672 1 A55 (57)(591(67) A
A 516 Gr, 55 L AE72 % €56 (5N (67} c {- 55 30 18.3 18.3 17.7
A 516 Gr. 60 A 671 1 ccen  _ 5NE7 C 60 32 20.0 19.5 8.9
A 515 Gr. 60 A 671 1 CB6EO J—
A515 Gr. 60 A 672 1 B&O (57)167) B3 T+ 60 32 20.0 19.5 18.9
A 516 Gr. 60 A 672 1 60 (57)(67) ¢ |
A 139 51 B () | A 60 35 20.0 206 200
A 135 1 B {57){55) 3 :L
A 524 1 | (57 -20 ] 35 2G.0 20.0 20.0
A3 1 B (573{(59) 1
A 106 1 B (57} -~ B
A 333
A 234 1 [S) 4 -50 z— 60 35 20.0 20,0 20.0
A 369 1 FPB {573 -2Q
A 381 51 Y35 e o A
AP 5L S-1 B HERTH 1
Curve 5 Jb e LLs,l Jgo s VY S
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Olge o ailons gan s Ll e don A NEECEN
Iron Casting,
Carbon Steel (Pipe & Tube),
Low and Intermediate Alloy Steel (Pipe)
Low and Intermediate Alloy Steel (Forging and Fitting)
Casting
Stainless Steel (Pipe & Tube)
Plate and Sheets
Stainless Steel (Plate and Sheets)
Stainless Steel (Forging and Fitting)
s Minimum Temperature °F , Grade P-No. or S-No. . Spec No. JU o ;5 (slm Ll e ol 5l aiws o 4o
Sobead wdoae SO L b e 6l Minimum Temperature °F ) by o g o ool sod 0d ,50 Slaskie
50 JL e ol e bod BBl oy el 0us 008 =50 sue A 334 Grade 1 sl Jle jola ol onds 0 s amiliz .G >
O gl N0 ool sl Impact ces Ls op) 3o Jb e cpl sl =55 Mo 0l Leo Sl AeS Lo gy (sled asslis oo
&, > Minimum Temperature °F a by e 9w 0 51l .ces Fig. 323.2.2A  Joges 0 culid g e bshs o,
oos 08 C 5> A 672 Grade C55 U5 gl g el oas 03 A B> A 671 Grade CASS Ui sl Jle jokas 05
ColBs 4 a5 b el aSul (gl a5 sl ga050 opl JS5ks sael A 672 5 A 671 Sl e sl a5 C g A Gy, ol ool
byl oy b g S g9, Fig. 323.2.2A  Jlagoi a sl ccs b o a0 2d 44 513 LT oy g oo slod 5 ol e
sk Impact cos Jl e (ol 6y 95 Co A sla Curve 5 S5 e aziliz 5 0590 Cons 1) LT (G e Lod § Calsess
aues Fig. 323.2.2A o Curve C 3 Curve A lea C g A Gy oly 0.l
L JSice 5n! B31.3 s jlaibiul ¢ cas 389 5 coly Fig. 323.2.2A Jlogei ;o cualies g oo bghas g, a5l Lo 4 Jl>
4 5ls a8 oled Jilas 5 culs Jilax AB,C,D i Curve 4> o olp Table 323.2.2A 5 cilos,s Jo uoss
G dy o LT as sl et olgie caslied g es 2l b g Jgao cnl & g9, U s el 00,5 08 o b Impact s
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Table 323.2.2A Tabular Values for Minimum Temperatures Without Impact Testing for Carbon
Steel Materials {See Fig. 323.2.2A for Curves and Applicable Notes)

Design Minimum Ternperature

Naminal _
Thickness, 7 Curve A Curve B Curve €
{Note (6)] [Note (2)1 [Note (3)] {Nate (3)] Curve D

mm in. oC °F uC oF oc oF aC of

6.4 0.25 -9.4 15 -)8.5 - 20 ~4B.3 ~55 ~48.3 ~55

7.9 0.3125 -0.4 15 -28.9 =20 -48.3 -5 -48.3 =55

9.% 0.375 -9.é 15 -28.9 =20 ~48.3 —55 -48.3 -5
10.0 0.394 =54 15 ~28.9 -20 ~48.3 ~55 ~48.3 55
11.1 0.4375 -6.7 20 ~28.9 -2 -41.7 —43 —48.3 -55
12.7 0.5 -1.1 30 ~28.9 =20 -37.8 =36 -48.32 -55
14.3 0.5625 2.8 37 ~21.7 -7 -35.0 -31 ~45.6 -50
15.9 0.625 6.1 43 --16.7 2 -32.2 26 -43.9 47
17.5 0.6387% 8.9 48 ~12.8 9 29.4 =21 ~41.7 ~43
19.1 6.75 11.7 5 -9.4 15 -27.2 -17 -40.0 =40
20.6 0.8125 14.4 58 —B.7 20 ~25.0 -13 -38.2 ~37
22.2 (0.875 16.7 62 -3.9 25 -23.3 -10 -36.7 ~34
23.8 0.9375 18.3 6% -1.7 26 =21.7 -/ -35.6 ~12
25.4 1.0 20.0 G8 Q.6 33 -39, -3 —-34.4 =30
27.0 1.0625 22.2 72 2.2 36 ~18.3 -1 -33.3 -28
236 1.125 23.9 75 3.9 39 --16.7 2 -32.2 —26
30.2 1.1875 25.0 77 5.6 L2 ~15.6 4 -30.6 23
21.8 1.25 26,7 80 6.7 Lh -14.L ) -29.4 =21
333 13125 27.8 82 7.8 26 -13.3 8 ~28.3 19
34.9 1,375 28.9 74 3.9 48 -12.2 10 -27.8 -3i8
36.3 1.4375 30.0 86 9.4 49 -11.1 12 -26.7 -16
38.1 1.5 311 28 10.6 1 -10.0 24 25,6 -1z
39.7 1,5625 32.2 90 317 53 -&.9 B -25.0 13
41.3 15623 33.3 92 12.8 55 -8.3 17 -23.9 -11
42.9 1.6875 33.9 93 13.9 57 -7.2 19 -23.3 -10
44.5 1.75 34.4 24 1.4 58 -6.7 20 22.2 -8
46.0 18125 35.6 56 15.0 5 -5.6 22 =217 7
47.6 1.875 36.1 97 16.1 61 =5.C 23 -21.1 —6
49.2 1.837% 36.7 98 16.7 62 4.4 24 20,6 -5
50.8 2.0 37.2 99 17.2 53 ~3.3 26 =20.0 —4
51.6 2.0325 37.8 100 17.8 &4 -2.3 27 ~18.4 -3
4.0 2.125 38.3 i0: 183 45 =22 28 -18.9 -2
55.6 2.1875 38.9 102 18.9 66 -1.7 29 -18.3 -1
57.2 2.25 38.9 102 19.4 67 -1.1 20 -17.8 0
58.7 2.3125 35.4 103 20.0 68 -0.6 31 -17.2 1
60.3 2.375 40.0 104 20.6 69 0.0 32 ~16.7 2
1.9 2.4375 40.6 105 211 70 0.6 33 -16.1 3
63.5 2.5 40.6 105 21.7 71 1.1 24 -15.6 4
65.1 2.5625% 411 106 21.7 71 1.7 35 -15.0 5
66.7 2.625 41.7 107 22.8 73 2.2 34 ~14.4 6
68.3 2.6875 £1.7 10/ 22.8 /3 2.8 37 -13.9 7
69.5 75 £2.2 108 23.3 74 3.3 38 -13.3 8
7i.4 2.8125 42.2 108 23.9 75 3.5 39 13.3 8
73.0 2,875 42,8 109 24,4 76 44 40 -12.8 9
7L.6 2.9%/75 i2.8 109 25.0 77 L4 40 —12.2 10
76.2 3.0 43.3 110 2R.0 77 5.8 41 =31.7 17
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Stainless Steel Materials =l j.Loi-Y

sl )8 2oy e Stainless Steel g1, Impact ey 53 ASME B31.3 Para. 323.2.2 (f) o, luitil llas
-101°C o1k sles Jila> 5 0SS 5420 0.10 % 51 Austenitic Stainless Steel ¢ 5 o0 azslix G398 SLSLL gilas
o 8 oS 2y (53 VL (150 °F)

A 4y Zan &y L5 48 °C (<55 °F) o1k slos JBlax> b o9 iy 0.10 % oS doye amilis

(f) Impact testing is not required for the following
combinations of weld metals and design minimum tem-
peratures:

(1) for austenitic stainless steel base materials hav-
ing a carbon content not exceeding 0.10%, welded with-
out filler metal, at design minimum temperatures of
—=101°C (=150°T) and higher

(2} for austenitic weld metal

{a) having a carbon content not exceeding 0.10%,
and produced with filler metals conforming to AWS
AS5.4, AS9, A5.11, A5.14, or A5.22° at design minimum
temperatures of —101°C (-150°F) and higher, or

(k) having a carbon content exceeding 0.10%, and
produced with filler metals conforming to AWS A54,
A5.9, A5.11, A5.14, or A5.22! al design minimum tem-
peratures of —48°C (-55°F) and higher

B31.3 Para. 323.2.2 () aub o] Slinl 5 a0y o oy VY IS5

Piping ;o 456 Cond (o pdy jlme TF
b e S8 3,90 i 0l L1 5 08 DglS ptlyiss 00 gl il it 5 Jutd (1 (sl ey il
- eiSe iglad Lo 323.3.5 Jgu 3 323.3.5 Acceptance Criteria G154 4 axljo b
1] 00D (i i3 90 4 323.3.5 Jgas
Carbon and Low Alloy Steel 4 sgie b o (@)
Steels in P-Nos. 6,7 and 8(Joul dial) @ 99200 by ye (b)
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Table 323.3.5 Minimum Required Charpy V-Notch Impact Values
' Energy [Note (2)]

Fully Deoxidized Other Than Fully
Specified Minimum No. of Specimens ,_._w__s_.t.ef_e.,l_s__ Deoxlqiz.ilj el
Tensile Strength [Note (1)] joules ft-lbf Joules f-Ibf
(a) Carbon and Low Alloy Steels

448 MPa (65 ks and lass Average for 3 specimens I8 13 14 10
Minimum for 1 specinren 16 10 7
Cver 448 ta 517 MPa (75 ksi) Average for 3 specimens 20 1% 18 13
Minimum fer 1 specimen 16 12 14 10

Quer 517 hut not incl, 656 MPa (95 ksi) Average for 3 specimens 27 20

Ninfmum for 1 specimen 20 15

Lateral Expansion

656 MPa and over [Note (3}] Minimum for 3 specimens 038 mm (0.015 in.)
(b) Steels in P-Nos. 6, 7, and 8 Minimum for 3 specimens .38 mm (0.615 in.)
NOTES:

(1} See para, 323.3.5(d) for permissible retests.

{(2) Energy values in this Table are for standard size specimens. For subsize specimens, these values shall be multiplied by
the ratio of the actual specimen width to that of a full-size specimen, 10 mm {0.3%4 inJ).

(3) For baiting of this strangth level in nominal sizes M 52 (2 in.) and under, the impact requirements of ASTV A 320 may
be applied. For balting over M 52, requirements of this Table shall azply. J

gz b sl 6y B ) 50 byt 45T g0y wigd 4l APLSL o bl b 4l S S5 5 gl 9o aSiile) rizren
o oSl APT 1104 5yl bz ol 2 oS ol (620 1Y 8g) S5 5 00l

A.4 Nondestructive Testing

The ginth welds of jointers shall be 100% radiographed in
accordance with the procedures and standards of acceptabil-
ity in API Standard | 104 (scc note). ,f??i%?!‘?*ﬁ__‘%ﬁ?‘ds failing.lo
pass this radiographic testing may be repaired and re-radio-
graphed in accordance with the procedures and acceptance
criteria of API Standard 1104.

API 5L Appendix A b dlg colo jl G (aame S92 p oSl (uiled VO JSS
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Uniform Numbering System (UNS) (\Y
redlsny a5l (sl iSiae (61350 3093 29, a0 ], Jlyme oyl o ool it glos Jaitial jo U e o i alais UNS
ol LS L sl plad ;5 457 8,15 3925 (6, MSS anly s (18 Ty Giliiee (slos il 4o 1, olye Slogas

P_No. il sl (s a22n Unassigned az.i,s wzes ASME Sec IX QW-422 =t s L e 5 an
slge ol UNS Number axliz wed a28,5 POR WL 55 olge 0l slrpsY o)lge jo aSul @y am g b vl oo osls aras
Slyo ol slp 1, UNS Number plea P_NO. wil ansls cillae QW-422 55 59250 sl zo 51 S, UNS Number L
UNS-NO. Sy e aiz sl P_NO. (S L a5 5 55 oSl i) ouiicn 555 1, P_NO. 1 WPS s g S 55
PURARPTEAN
:QW-420.1 ,5 ASME Sec. IX s ksl o Jle sk
wle UNS-No. NO880O (sl )y Ken 3 P-No0. 45 lls Xen SB-163, SB-407, SB-408, SB-514,

JU ke gosy aws(M ¥
el iy Ohgar Jehate o labialan o U yie (gam 4o
ASME: P-No. & Gr.-No.
ASTM: S-No. & Gr.-No.

AWS: M-No. & Gr.-No. (AWS D14.6)
XY PROPRCIPUOE - PCORRI g VIR Fr:t B FRCORPILY od SR RVCOM IR N
a) Yield Strength <42000 psi

b) 42000 psi < Yield Strength <65000 psi
c¢) Yield Strength > 65000 psi

a. Specified munimum yield strength less than or equal 10
42,000 psi €290 MPa).

b, Specified minimum yield strength greater than 42000 psi
(290 MPaj but less than 65,000 psi (448 MPa).

¢. For matenials with a specified minimum yield strength
greater than or equal to 65.000 psi (448 MPa), each grade

shall receive a separate qualification test.

API 1104 Para. 5.4.2.2 )5 JU e cso aiws N8 S0

Gr-No. a5 o)lge plo 10 9 el saze PQR 4 5L Gr-NO. ss Lol ol gy slos 4505 50,0 Lasd WPS s
AiSai olul PQR saze plxil jo  all

sas 5l ASME Sec IX QW 420 (Material Grouping) ,o S-No. zen s P-NO. Lololy b e g azas
e

el 0] B Ao 5 Jshas ol pase 4 il onds ga azs b e ASME Sec IX QW 422 Jslaz o pizen
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0 QW-420 Material Groupings QW-420.2 S-Numbers. S-Numbcrs are assigned to
QW-420.1 P-Numbers and S-Numbers. Base metals  malenials that are acceptable lor use by the ASME B31
have been assigned P-Numbers or S-Numbers for the  Code for Pressure Piping, or by selected Boiler and Pres-
purpose of raducing the number of welding and brazing  surce Vessel Code Cases, but which are notincluded within
procedure yualifications required. In addition. ferrous  ASME Boiler and Pressure Vessel Code Material Speci-
base metals have been assigned Group Numbers creating — fications (Section 11),
SL”]’S?IS of P-Numbers and S'N}‘mbCI's that arc used when Material produced under an ASTM specification shall
WPSs are _reqmredcw be (lTl";:hﬁ*—‘d by impact l\‘h“t“l'g ba’ be considered © have the sume S-Number or S-Number
other Secti odes. These ass ents are base kS . . :
thet ‘Sito'ls . ‘d;f 3 = l ]“—;“"‘”{t ,"IF ‘““I plus Group Number as that of the P-Number or P-Number
essentially on comparable base metal characteristics, such o i S el
oo P € B e .- plus Group Number assigned lo the same grade or type
as composition, weldability, brazeability, and mechanical o : i s it o
; ; : 5 . material in the corresponding ASME specification (i.c.,
properties, where this can logically be done. These assign- N - ; . , 3 =
i : _ ey, e SA-240 Type 304 is assigned P-No. 8, Group No. [;
ments do not imply that basc metals may be indiserimi- theref A 240 T "4(]49' idered S-No. 8. G
: : : crefore, A 24 1¢ 304 is conside -No. &, Grou
nately substituted for a base metaf that was used in the h?““ e VP S S SIS 0. 5, roup
qualification test without consideration of compatibility e s ) 5 i
from the standpoint of metallurgical propertics, postweld ~— SOME metflas ﬂn(_i Hgites Hiay nal spccrﬁcaﬂ_‘; addr .
heat treatment. design, mechanical properlics. and service  S--Yumbers. When this occurs, the requircments regarding
o e " C U 8 - - A Y ¢ 2 K
requirements. The following table shows the assignment ~ P-Numbers and P-Number Group Numbers shall apply
groups for various alloy svstems: qu.l'cl”)-’ 1o materials thae are QSSIgnCd o CO]I’C‘»SPO“dIng
S-Numbers and S-Number Group Numbers. However, if
e Yaldine Brazine ) P . . . s s
Eaw Ty P et 2 e procedure gualification testing was done using material
Steel aud sieel P-or §-Ne. 1 P- or S“\"‘; 1 ) assigned an S-Number or S-Number Group Number, the
alloys through P- or §- thirough P- or 8- - s C s ; ;
aloys wrough T o g range qualilied is limited to materials thal are assigned
Na. 11 inel. P- ar No. 103 e - g S
§-No. SA. SB. S-Numbers or S-Numbers Group Numbers (1.c.. qualifi-
and 5C cation using & P-Number material qualifics corresponding
Alumirum and ali - P- or S-No. 21 P-or S-Ne. 103 and ¢ Nymber materials: qualification using an S-Number
ninnm-haze mhraugh P- or S- P-or §-Ne, 105 L L i 7 - - .
; ot material qualilics corresponding S-Number materials but
alovs No. 23 - 4 . . :
Copper ard copper-  P- or S-No. 31 P-or SNo, 107 aud  not corresponding P-Number materials: qualification ol
base alloys through P- ar 8- P- or §-No. 108 welders using a P-Number material qualifies them ro weld
b 35 . v 2 et st
No. 35 o an corresponding S-Number materials and vice versa).
Nickel und nickel- Poor S-No. 41 P~ or §-No. HU ! :
hase alloys through P- or 5 through P- ar §
No, 19 No. 112
Titunicn wnd tils P- ur §-Ne. 51 P- or §-No. 115
nium-hase alloys through P- or 5-
Mo, 82
Zircan‘um and ziz- o ar §-ho. 61 P- ur $-No, L7
coniunt bise through P- or 5-
& lave No. 62
QW 420 ,5 S-No. 4 P-No. cov JU e o s VY S
QW/QB-422 FERROUS/NONFERROUS P-NUMBERS AND S-NUMBERS
Grouping of Base Melais for Qualification
Ferrous
Minimum Welding Brazing
Specified
UNS Tensile, P- Group S-  Group P- S-
Spec. Mo. Type or Grade No. ksi (MPa} No. No. No. No. No. MNo. Naminal Composition Producl Form
5436 KOz600 58 {400) 1 1 10 C=RIn=8i “late, bar, & shapes
SA-53 Iype © - 1 T 101 C Fuarnace welded pipe
SA-53 Type S, Gr. A K02524 i 1 141 C Smls. pipe
SA-53 Tipe [, Ge A KO2504 D1 4 WL ¢ R ¢ e
SA-53 yp2 E, Gr. B 03005 60 1415) 1 1 il . G aln weldes pipe
SABY Type S, Ge. B Ke3aas GO {415) 1 1 101 C—1n
Sh-10% 03534 0 lags) 1 101 T Flanaes & #ttings
SA-ICA A KG2501 ag (3303 1 1 191 C-5i Smls. pipe
SA-106 <] KG30006 ad (4150 1 1 101 U=PAn-5i Smls. pipe
£A106 ¢ Ko3501 ! 2 18] C-Mn-57 Snls. pipe
AL0B 1318 CW G1a1so ol {ars; o b I 3 121 C Rar
A 108 16LE CW CLlg180 b {415} oy s 3 2 « Ba
A 108 1020 CW 10200 506 (415) i 1 pis 0L < Rar

ASME Sec [X QW 422 ,5 S-No. 5 P-No. ol Ju e sy 4 o VA S5
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ol Std. lgie s a5 Sgiw Jgaz cpl jo el sasl pj Jsaz slae AWS DI14.6 (1996) o)lailwl o Jb e (o 4w
Mat'l No. lye cou 1) slge o, lailiwl 095 Lol . el S-NO. L P-NoO. lea jslaie 00,5 a3 PS LS L P e w1 lse g
ol 23,5 (gats aiwd Sl M-NOL Lo jolaie a5

AWS DlY4.6L 9 WM (07842L5 0506L4E 117 HE
2 .
Table 1
Grouping of Base Metals for Procedure Qualification
Minimum
Tensile!
Mat'l  Group Base Metal Yield
No. No, Std. Specitication ksi Base Metal
Steel and Steel Alloys
1 | PS A3l Grade A 45/23 Rivels (C)
Grade B 58729 Rivets (C)
PS A36 for thk < 8 in, 58/36 Plate (C-Mn-Si)
for thk > 8 in, 58/32
PS AS3 Type F 45(25 Pipe
Type E, Gr. A 48/30 Pipe
Type E, Gr. B 60/35 Pipe
Type S, Gr. A 48/30 Pipe
Type S, Gr. B 60735 Pipe
Grade B 6035 Pipe
PS Al06 Grade A 487130 Pipe (C-Si}
Crade B 60/35 Pipe (C-Si)
S Al3l Grade A 58134 Structural
forthk > [ in. 58/32
Grade B 5814 Structural
Grade CS 58134 Structural
Grade D 58134 Structural
Grade DS 58/34 Structural
Grade C 58/34 Structural
PS Al34 Pipe of A283 and A283
PS Al35 Grade A 48/30 ERW Pipe (C)
Grade B 00/35 ERW Pipe (C-Mn)
S Al139 Grade A 48/30 Pipe
Grade B 6035 Pipe
Grade C 60/42 Pipe
S Al6l Low Carbon 47126 Low C Tube
Grade T1 55/30 C-Mo Tube
PS Al78 Grade A 47026 ERW Tube (C)
Grade C 60/37 ERW Tube (C)
PS Al79 Seamless Tube (Low C)
PS Al8l1 Class 60 60/30 Pipe Flange (C-Si)
PS A192 47126 Scamless Tube (C-Si)
PS A210 Grade A-1 60/37 Tube (C)
PS A2l4 * ERW Tube (C)
PS A2l6 Grade WCA 60/30 Castings (C-Si)
PS A226 47726 ERW Tube (C-Si)
PS A234 WPD 60/35 Pipe Fiuing (C-Mn)
PS A206 Class 1 60/30 Seamless Forging (C-Si)
PS A283 Grade A 45/24 Plate (C-Si)
PS Grade B 5027 Plate (C-Si)
Grade C 55/30 Plate (C)
Grade D 60133 Plate (C)
N A284 Grade C 60730 Plate (C-Si)
Grade D 60/33 Plate (C-Si)
PS A285 Grade A 45/24 Plate (C)
Grade B 50127 Plate (C)
Grade C 55/30 Plate (C)
PS A333 Grade 1 55/30 Plate (C-Mn)
Grade 6 60/35 Pipe (C-Mn)
PS A334 Grade 1 55/30 Tube (C-Mn}
Grade 6 60735 Tube (C-Mn-51)
(continued)
L
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Pl 008 (o 5 5 Oy Ko 1 S onl 65 SCOPE 432 a5 Ll B3T3 glal o

f——; Packaged equipment piping
f____‘

e
Tubes, tube headers, i Pressure vassels, heat
crossovers and manifolds exchangers, pumps, com-
of fired haaters, internal pressors and cther fluid
ta the heater enclosure handling or processing

equipment, including in-
ternal piping and con-
.4_._____.__{ nections for external

piping

Legend
e Piping within the scope of B31.3
Pipirg outside the scope

GFMERAL NOYE: The means by which plping Is attachec to equipment Is witin the scope of the zpplicable piping cede.

Fig. 300.1.1 Diagram lllustrating Application of B31.3 Piping at Equipment
ASME B31.3 LSLQ.LA.:LJ\JP.) Sojm A LS.,.J

ol @ axg L 1) i (B31.3) Process Piping ,.lss Jyoie dams S92 Gudgliy3bee SVlail jo Conlay a5 jshiles
ale b &g 1T olye B31.3 5k« ASME Sec VIIT 8550 ;0 Elbow 1
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Consumable Insert (\f
s e oolazul Consumable Insert 51B31.3 5.l Clie 0,5 5 jghaie 4wl ob; Base Metal culss aSslals o
14555 90 5

b (S 09 xS bt 5JGTL wb Consumable Insert Lo 6T

Deh ez 2l ceb il Y

s pladl s, Il LPQR ¥

328.3.3 Consumable Inserts. Consumable inserts
may be used, provided they are of the same nominal
composition as the filler metal, will not cause detrimen-
tal alloying of the weld metal, and the welding procedure
using them is qualified as required by para. 328.2. Some
commonly used types are shown in Fig. 328.3.2.

D
@ (d} Square- Ring or Round |
Wire Type
7
//‘ {e} Flat Rectangular Ring

Typical
Consumable <

Inserts % {f) Eormed Ring Type
e % (g Y-Type

AME B31.3, Consumable Insert : AV Jo

Bt
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3xo High-Low (10
ASME Sec VIII Div.1 ,s jixe High-Low ¥

Zewloads jasie Table UW33 SASME Sec VIII Div.1 s jlateal solol ,, e High-Low i
TABLE UW-33

S1 Units

Section Thickness, mm

Jaint Categories

B Gt

Upto 13, Incl.

over 13 to 19, Incl.
r 19 t0 38, Incl.
38 t0SEINCi.
2r 51

Over

1‘_:‘_*
A.Z2.mm
3.2.1mm
3.2 1mm

Lesser of

Lesroor 10 M Lot or

m

4.8 mm

les

Lesser of

19 mim

i

ASME Sec VIII Div.1, Table UW3 3.b jxe High-Low juie AY s

API 650 ;5 3 jlxe High-Low 3

SLILL 5 s03es slobgx sl 1S jhail 5l e (Misalignment) High-Low 5.« API 650 Para. 5.2.3.1

s St a8 ‘j_asl LgLQ,..JP &l)" 5232

5.2.3 Shells

5.2.31 Plates to be joined by but welding shall be
matched securately and retained in position dining the weld-
g operation. Misalignment wn completed verrical jomts for
plates greater than 16 nm (g in.) thick shall not excesd 100,
of the plate thickness or 3 mm (Vg it whichever 1s less
misalignment for plates less than or equal to 16 mm /g in.)
thick shall not exceed 1.5 mum (g 1),

52.3.2 Incompleted horizontal burt joints, the upper plate
shall not project bevond the face of the lower plate at any
point by more than 20% of the thickness of the upper plate.
with a maxinmum projection of 5 mun (Ve 1) however, for
upper plates less than & mm 75 i) thick. the maximum
projection shall be limited to 1.5 mm (5 in.)

API 650 ;5 s High-LOW Olyee AV S

API 620 )5 ;L jlxo High-Low 1t
ol oo o 1lad o5 o3l e (Misalignment) High-Low ol API 620 Para. 6.14

6.14 ALIGNING OF MAIN JOINTS

Parricular care shall be raken i marching up the edges of
all plates within the tolerances of offser as follows:

& For plates V4 in. in thickness and less. L1s in.
b, For plates over s . in thickness. 23% of the plate thick-

ness or 18 in.. whichever is sowller,

APL 620 ;5 jls High-Low ee AF S5

Y.
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B31.3 5 lustewl yo Piping o jlxo High-Low ¥
Engineering 4 WPS s cule g I3l High-Low jlxs o)le s lede> 50 328.4.3 (a)(1),(2) 131, e
ol 553 SISTL aiile pa s sledig> 6lp 058 Taper colow 4yl 5,0 High-Low 4 wil sus o3 Design

328.4.3 Alignment
(e} Circumferentiol Welds
(1) Inside surfaces of components at ends to be
joined in girth or miter groove welds shall be aligned
within the dimensional limits in the WPS and the engi-
neering design. :
(27 If the external surfaces of the components are
not aligned, the weld shall be tapered between them.
(b) Longitudinal Welits. Alignment of longitudinal
groove welds (not made in accordance with a standard

listed in Table A-1 or Table 326,1) shall conform to the

D¢l

requirements of para. 328.4.3(a).

Piping (B31.3) ,s High-Low 5 : AD S5

Colpo 4 ol ol ool High-Pressure Piping Lo g, aSile; Piping o High-Low e a5 ol S5 4 a3¥ L
SLELL Gille . Sbletil o po)e Glodgz lp po oo ledy> 61y ool 1.OMM ST e 5 Conl o0l 03

osel b 0 &5 K328.4.3

K328.4.3 Alignment
() Girth Butt Welds
(1) Inside diameters of components at the ends to
be joined shall be aligned within the dimensional Timits
in the welding procedure and the engineering design,
except that no more than 1.6 mun (¥ in.) misalignment
is permitted as shown in Fig. K328.4.3. '
(2} 1If the external surlaces of the fswo components
ave not aligned, the weld shall be tapered between the
two surfaces with a slope not steeper than Lid.

(h) Longitudinal Buit Joints. Preparation for longitudi-
nal butt welds (not made in accordance with a standard
Tisted in Table K-1 or Table K326.1) shall conform to the
requirements ol para. K328.4.3(a).

{c) Branch Connection Welds

(1) The dimension m in Fig. K328.5.4 shall nol
exceed 1:1.5 mm (¥4 in.).

Pressure Piping (B31.3) ,s High-Low )l Af S
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API 1104 »,luituw! yo Pipeline ,s jlxo High-Low 1¥
72 B e a3 3MM 51 i als Lo oo sle 4y 50 s High-Low o

7.2 ALIGNMENT

The alignment of abutting ends shall nunimize the offset
between surfaces. For pipe ends of the same nominal thick-
ness. the offset should not exceed g in. (3 mm). Lareer vari-
ations are permissible provided the variation i caused by
variations of the pipe end dimensions within the pipe pur-
chase specification tolerances, and such variations have been
distributed essentially uniformly around the circumierence of
the pipe. Hammering of the pipe 1o obain proper lineup
should be kept to a mimimum,

Pipeline ;s ;lx High-Low : Av s

\A
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9> jlxe Reinforcement (V7
SLsd cod (g3l 50 Ghgx jlxe Reinforcement Lt
Gl 0y i UW35 Para. (d) ,sASME Sec VIII Div.1 s luiteul Golal 5o is> 5 Reinforcement jloie

s8I Units

reds To asswre that the weld grooves are completely = =
Maximum Reinforcement. nun.

filled so thar the surface of the weld metal at any

MAreria ol - (" Atea o e O "Il =
point does nmnfnll below the surface of the adjoming *‘%ISJ:UIELTI U‘BIHXBQH\ ¢ \L\}'jdl
base materials.” weld metal may be added as reintorce- Lee thom 24 .. T os |
ment on each face of the weld. The thickness of the 54 0 18 incl 13 W
weld reinforcemient oun each face shall not exceed the  Over4.8te 13 inel 40 24
tollowing: Ovar 13 ta 25, incl. 18 24

) Over 25 ta 1. mcl 3 32

Over 21 to 76, wmrl & 4

Ouver 76 1w 102, 6 §

el

Over 162 w 127 & G

el

Oner 127

%%
S

ASME Sec VIII Div.1, UW35 5L 55> slxe Reinforcement jluie :AA JSo

API 620 jlke 5 g2 jlxe Reinforcement 3t

Table 6-3—Maximum Thickness of Reinforcement
on Welds

NMaxmaum Bemiforcersent (i}

Plate Tluckness {in) Vertical Tomnts Horizontal Joints
<la 332 8
Pathou g big 16
316 Ha

APL 620 5.b i9> jlxe Reinforcement jlaie A% IS

API 650 (3l 53 e jlxo Reinforcement Lt

5.2.4.5 The reinforcement of the welds on all butt joints
each side of the plate shall not exceed the following thick-

JEARes!

late Thickness

213 25 (T LI SREHTY
225 (h KECETY x?v.l‘*«é

The remforcement need not be removed except 10 the
extent that it exceeds the muviimum acceptable tuckness or
uniless its removal 1s requured by 6.1.3 4,

API 650 ()l o 59> 5= Reinforcement 4. s

vy
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W3 fuitiw! 50 U/C (UnderCut) ,Lae (1Y

API s jlaitewl ;s U/C L TF

J..lj..u k_s)l)b S uio—a .))‘JJL..J 99 wL..J‘ r L§| D)—:—‘>Q u)L?U’
e API650
o API 620

igh go 5L ASME Sec VI Div. 1 s uitial olul 1 b comt ¢5liee s

Yy sleedsz ;o U/C Goc APL 650 Para. 5.2.1.4 sl 3ok .ol S, Lo o lasbisl aw ol s Undercut L
3L 0.8mm i nas L Horizontal slose ,o 5 0.4mm a8 ol
API 650 ,» U/C

5.2.1.4 The edges of all welds shall merge with the surtace
of the plate without a sharp angle. For vertical butt joints. the
maximum acceptable undercutting is 0.4 mm (Y, in.) of the
base metal. For horizontal butt joints, undercutting not
exceeding 0.8 mm (1/35 in.) in depth is acceptable.

API 650 Para. 5.2.1.4 s U/C 4 o> A1 5o

=5 wb Horizontal slyssz ,o 5 0.4mm 5l a8 sl Yo sleds> 0 U/C 5ac APT 620 Para. 6.13 s luteal b

3L 0.8mm ;)

6.13 MERGING WELD WITH PLATE SURFACE

The edges of the weld shall merge smoothly with the sur-
tace of the plate without a sharp angle. There shall be a maxi-
mum permissible undercutting of U4 in. for longitudinal or
meridional butt joints and 132 in. for circumferential or latitu-
dial butt joints.

API 620 Para. 6.13 s U/C 5, o> AY K4

ASME Sec VIII Div.1 , U/C %t
(sl 1S a5 plas,e) wil 0.1Thickness L 0.8mm ) oo, wls U/C . UW3S 50

fh) A reduction m thickness due to the welding
process 15 acceptable provided all of the following
conditions are met.

1) The reduction in thickness shall not reduce the
material of the adjomning surfaces below the minimum
required thickness at any poimr.

#2; The reduction in thickness shall not excesd
Y4 in. (0.8 mm) or 10% of the nominal thickness of

R 5y s ; S
the adjoininz swrface. whichever is less.

ASME Sec VIII Div.1 , UW35 ,s U/C _i i, o> AT s

V¢
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Le g 426l Slie 5l Kt PIPING gy &0 s B31.3 s lslewt o« Piping o U/C 53y jlees

Normal Fluid L Category M u g, aziliz Jg <ol jio daxe slig> 0 U/C 5,3 o> asl Pressure Piping
U/C endg 35 5 ool Jgud JlE sl a8 45 alaS ja (Coales o) T/A L IMM Goe b dame sliisg> o ol Service

Dher s L dae [hex ) Gilizie Sliigr g cilize (Slgamg e 51 341.3.2 Joax ,0 ASME B31.3 s jluleal o
el ol ez (Fillet

(04) Table 341.3.2 Acceptance Criteria for Welds and Examination Methods for
Evaluating Weld Imperfections

Criteria JA tn M) for Types of Welds and for Service Conditions [Note {1)] natior Methods
Normal and Category M Fluid i i i
Senvice Sevara Cyelie Conditions Category ) Fluid Serdee ;
Type of Weld e of Weld Types of Weld

& £ -
g = i
N
L] " L ‘?3’
o B 8 =
- 3 g < 2 8 =
g B = 8 o £ ; e o
o 2 —_ 2 B = e = z = =
& ] I B ] = = & € &
e 3 = k E] o = H g z 7 E
& = 3= 3 » < = = s
£ S | B 2 ; g - c gl $
= 5E 2 g 2 H = - |8 1% 5
5| B2 oz £ 2 = £ & 3 1S 6 |3
- > = = & = S 4 . i = m =4
(G [ s O = © L3 Weld Imperfeeior b o = b
i A 2 f A A ¢ Voo v

4
4 A 3 A A A { & Latk o fusior . v
1§ A Hid A ;‘- o ONPS L I incomoiete penetrafing i v
t c MIA ] o NIA M Ni& N{A It =it poresiny . v
G @ Rk F t N DR HiA piA Hih v
f A [l A LA | A [ b | Undermutrng U

' i i 1 i !

| swrtac DamsEy or eposed slag | i
2 LA 4 3 A HY A A I A ‘aclusion K s
NFA Ni& =I5 ) 1 | Rih Ky Hin N A g5 o
[ K NiA K K NIA X LK MA W v v
{ Weld reinfar:

H 1 3o 0 Ny

! i L | ] L I | M ) i hyl o nrot ./ S

) “KIAT i
Wi,

heek V73 in

ASME B31.3 30 Per s Jed sl )lae AT S

yo



S e

04)

Criterion Value Notes for Table 341.3.2

Critesion
Symbnl Measura Acceptoble Value Limis INote (8)]
& Extert ol mperection Ters (na evinent mperfection
3 Depth of incorplete penetzation and s 02T,
Cunesiat of Incompiete pesamation > ind noany 150 =m & in wels
0 Depth of lack of lusior and incompiste peretration 0,77
{ ative izngtn of lack of fasing and ingemplete B {5F in) i any 180 mm G oie) welc lengts

pemetation [Note (71}
) Sizz and ci son of nlernal potosity an 1, Appesdi i
E St andd distributian of fatemal pirosity ¥}

g limitis Ly X N
] alion
< T
2T, wei lengtn
5 A, lungstes usion, or visngated indivation
fength

Individzal

Cumulative iangth ol feneth
(] Trepth of wdercat ESE
1 Bepth of anseroat 2 LS e 4 ind and € [V 74 o s mes 54 in)
i Strtace roughness 5 LT
X Depthn ef s00r SUrface concavily a3, theloweld reind, 2 T,
L meight of rein

ary plang through the wele :

ahie height vaiue in e L
{1}

[} Limit is twice 1he value analicadle ter L above

Nistes follow on fext page

(asly ASME B31.3 1O s g Je8 sl ylne AL S
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Leak Test (YA
il 00ls resgs Leak Test o500 UW 15 i
D9l Cad (b5l 655 sl g Wb L3t Reinforcing Ring . UW 15 5.0

TW-15 WELDED CONNECTIONS

(e} Reinforcing plates and saddles of nozzles artached
to the outside of a vessel shall be provided with at
least one telltale hole (maxinum size NPS ' tap) that
may be tapped for a preluinary compressed air and
soapsuds test for tightness of welds that seal off the
inside of the vessel. These relltale holes may be lefr
open or may be plugged when the vessel 1s 1 service.
If the holes are pl
shall not be capable of
reinforcing plate and the vessel wall

UW-15 &lae Reinforcing Ring Pad i cos A7 s

e, the plugzing material used

sustaining pressure between the

|

vy
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Joint Efficiencies (Y4
<l Base Meal cuglio &0 Jlail cuwglio s Joint Efficiency

Joint efficiency. The ratio of strength of a joint to the
strength of the base metal, expressed in percent.

AWS A3.0 sk Joint Efficiency = AY S

el 00,53 gl Ml iy i AWS A3.0 o jlasten] o e

e s & ¢ Joint Effiecienciy « 54 313500, w0y

TABLE UW-12
MAXIHMUR ALLOWABLE JOINT EFFICIENCIES™® FOR ARC AND GAS WELDED JOINTS

-~
=
tad

Degres of Radiographic Examination

Typ= Jaint ad [} [
e Joim Description Limitations Categoiy Full® Spot’ Blzare
ili MNoneg A B C&D 100 [K8~14) (O]

asiteil weld
2 andl outzide
with th=

same quality of d

metal 2n the i

using metal by
h remain n place
are e juded

i 1 butt joint with 123 Mone 2xcept a5 in (b b A, =4l niEs :
cr than those A, LS =
included under i1 ®
Flg. Ww-13.1, sketch (k) ,
(3 Jed butt joint Circumfarential butt joints anly, not A B &C [0 A Ol o
withaut vee of bazking strip wer % in. i 1e mme thick and am
over 24 in. (610 mm) outside =
diameter 5
L
(4 Crouble full filiet lap jioint ‘2t Langituedinal joints not aver Y, A ES MA nes b
In. {10 mm? thick
Clreumferentlal jaints not over B & (¢ Pl BN 0.55%
25 in (16 mmi thick
5 Aingle full fillzt 1ap joints i b Cireumferential joints® for E Ma HA 0.50
s conforming to attazhiment of heads nat 24 In
(&10 mme cutsids diameter ta shells
not Loin. 113 mmo thick
reumferential jaints for the G Ma [{ES [iR=10

chiment 3 shells of jackets not
over S in. €16 mm) in nominal
thickness where the distance from the
center of the plug | to the edge of
the plate is not k=55 than 1% times the
diameter of the hole for the plug

oA

Category A—E1 I, ASME Sec VIII Div.l , UW12 ,s Joint Efficiency A s

= . - ] VA
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JolS 31,5550, (511 Cenlins by (Yo
T PR UL‘" UCS'57&UaA \)5....: fbu‘ J.:l.: Full-RT &5 LSJ)‘}"

TABLE UCS-57
THICKNESS ABOVE WHICH FULL RADIOGRAPHIC
EXAMINATION OF BUTT WELDED JOINTS IS

MANDATORY
P-No. & Gr. No. Nominal Thickness Above \Which
Ciassification of Butt Welded Joints Shall Be
Material Fully Radiographed, In. {rnin?}
1Gr.1,2, 3 114 (32)
S 22
4Gr.1,2
54, 5B G 1
94 Gr, 1
9B Gr. 1

104 Gr. 1
10B Gr. 2
10C Gr. 1
10F Gr, &

1

ASME Sec VIII Div.1, UCS57 5.l JulS 31,5500, 6y cuwldes b o A8 IS
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o9 B> (595 J5U (MY
ASME Sec. VIII G.b ,Lis coxi 3w yo Shg bas b J30 0,95 5 1F

S goly (B, e 51 u151,0) Opening QD sy 3lail 4y sl ie> ks (g4, 5t T)L,_?\ b &8ss 4T 50,0

S 13 hise 05de bz a5 Opening (isu o1 ol peeis )0 Lol 052

TW-14 OPENINGS IN OR ADJACENT TO
WELDS

UH-idia) Any type of opening that meets the require-
ments for reinforcement given in T7G-37 or UG-39
may be located in a welded joint,

UI-14ehi Single openings meeting the requirements
aiven in UG-36(ci{3) may be locared in head-to-shell
or Category B or € butt welded joints. provided the
weld meets the radiographic requirements i UW-31
for a length equal to three times the diameter of the
opening with the center of the hole ar nudlength.
Defects that are completely removed in cutring the hole
shall not be considered i judging the acceptability of
the weld.

ASME Sec VIII Div.1 , UW14 5l .oib Soex b3 59, S50 aSl o o5 Shsz (S0l Ve JSo
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APT 650 (b (sl 03453 o530 15 oo b3 L J3U 8,95 »
b i o1 Opening ,las pl ¥ ail aiils 5,65 p yse> s b J56 asilis [Lid cod oy5e Jie ob sl 033 (55w o
il oad ols mlad oy USE 5 3 Faual, wliae ploil bgms g 31,5500,

Extent of radiography

Minimum spacing shall be 8 times the S603.73
sheil thickness or '/2 the radius of the
opening, whichaever is lass —}

¢ of butt-welded
// shell joint ™~

Extent of radiography

Toe of weld

Detail & Detail b

PENETRATION WITHOUT REINFORCING PLATE

Minimum spacing shall be 8 1imes the " . .
shell thickrgis ¢ Minimum spacing shall be 8 tires the
shell thickness or '/z the radius of the
Se6 373 opening, whichevar is less
l— e 3.7.

"1, — G of butt-welded
/ shell joint \--»
— ‘

_4 G of hutt-welded
| shelf joint
0.
Q
0
I . -
J
o : /
0 . Toe of weld
y
Reintorcing plate

Reinforcing piate

Detail ¢ Detail d Detall e
PENETRATION WITH REINFORCING PLATE

Note: D, = diameter of apening.

Figure 3-6—Minimum Spacing of Welds and Extent of Related Radiographic Examination

15D,

1.50,

Exteni of radiography

oz b b Jib 093 n Jome (S0l Sem i V) S

AN
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S5 a0l (YY

:NDT s NDE wglas
Sy30 ;5 sshies wSee oLy NDEISTASME g NDT Iy O3 e s ASTM e ne S5 40 @ly 0 )Mol gas
Lol ASTM 050 s ASME (5 )la&ali g, (Jol a5 iien S A105 4 SATOS Jle jlsie & 5 JU e

ASME Sec. VIIT [Lis coxi o5l yo 81,5900, Tt
Full &)ga b el SPOt & jem b jLid cow 5l 81,5001,
Dgine ploul SPOt & jgumr 31,5 g0, UWI2 gllas g a3 5 s o Joint Efficiency 0.85 asilis> jLis cou )5l 5o

TEELE V.12
[ TURY ALLY LE JOINT EFFICIENCIE AMD GAS SWELDED JOINTS
Drgisns vf BEasivgiophls Exoandnation
Toper feint @l e i
Fe Jaiut Deseriptivn Limitaions ey Fulld Spn® [T
118 Mo s0B AR 1.00
strigs which s
e i
21 Singhe-wekted bue joim v [ .48
backing strip dthor than those i 065 -
e wnder 113 =
i ) . ) 1 o -
- : Single-e | biite paist & HA A& LX)
Hhant 1 f lacking s i 16 i o _
aeor #4 I GTE il aotside 2
diameto =
o
Ql Dootide ol filket fap joim ) Lonwiuelingl jolms noy over & HA HA wES D
(1< rame thick ) e
sCircumferential poims e wor HA A
i 1 wwnd thick
8 s Chrowndovential jaints® for E & (R bAD
attachment of he
G519 i ot
i Ha Ha VS0
the plate is aet Bes than 17 tines the
dicwverer of the Bole for the plug

Joint Efficiency _olol, S50l camsg: VoY IS0
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| odel J.:b o) UW 52 d,Jo SpOl L_;jl)f}")l) FL?U" 59.7;]

220 Provistons for taming, experiencs, qualidica-

tron. and cortification of peesonnad responsble for equip-

mant setup, calibration, eperation, and evaluation of

examination daty shall be deseribed m the Manvfactur-
or's Quahity Control Systons [see Appendix 14

£21 The use of Real Tune Radioscopic Examination
shiall be noted umder renuks on the Manufacturer™s
Dot Report

UW.s2 SPOT EXAMINATION OF WELDED
JOINTS

NGRS Spob radiegiaphing of a webled pomt g revognsed as an
ety aspovion dool The spot padnegraphy vokes are alse censid-
ared e B an apd beogqualits contred Spat pnhographs o divectls
oy aow )lu o an oparater has completad @t of webd proves
it the vtk s o ool by done g accordance wath o satislactory
P itm Tt work v wisatsdasctony s vomrechpy steps can then
B baken wooampeaye e weldimg in the subsoquent s, which
wikgostienabls will iaprese s webl qualis

Spet gadios Vo aoeopdanes st these pulon wall net s
i Laication muiuct wf predetormined qualiy lesel tyeuchout I
winsd b poahzcd thal an sveeplod sossel updor those spat nindiography
vubes mav =1HE vontany sdetedts whaeh mght be disclosed on it
axarmmatiet. Wl vehographaodly dischsed webd dofects must Iy
Clummated tromy @ xessel then HOE S pdiography must e eniphacd

et Bun welded jomts wihieh are o beospot radio-
graphed shall be exanuoed Tocally as provided heeen,

iy Miniasun Extenr of Spot Redivgraphic Exami-
Retiion

1 One spor shall be examined on cach vessgl
for cacly 30010132 my merement of weld or Facuon
thereot for which a jomt etficieney from colimn (b
of Tuble UWA12 w0 selested. However, for denucal
vessels, cach with dess than 38 10 (152 m of weld
for whieh o jemt effcieney Trom colunin by ol Table
UWat2 s selected M o132 ovr merements of weld
mav be pepresentad by one spot examiation,

£20 Foe cach inerement of weld 1o be examined.
a sullicient number of spot radiographs shall be raken
too examme the \\L’L'JH'I;:: ol cach welder or \.\'k‘ldil‘ig.
wrvr'mu' Linder conditions whicere twa or more welders

wldmg eporators make wekd lvers moa ot or
I Hu wo wlcx af o dovble-welded butt joint, one
spob may represent the work of all welders or weldng
eperior.

L5 Bach spot examination shatl be made as soon
as practicable atter completien of the increment of
weld 1o be exammed. The location of the spot shall

chosen by the Inspector alter completion ol the
wicrement of welding to bo exammad, except that when
the Tnspector has been wonficd m advance and cannot
b present or atherwise make the setection, the fabricater

Ny exerciae s et pudgnent o sclecting the spots,

(4 Radiographs requiresd at specific locations o
sahisly the rules of other parngraphs, such as UWady,
WS Sub and UWSTdby shall noe be used 1o
sabsty the requirements for spot radingraphy.

{f .\'.-’:u'.“}«'.i(f» fosi ,\‘1’.';7 Hered e Lvominaiion,

Spotexamation by rhiography shall be made m
accenlance with the wechmque pro \\.nl. ed in WSS g
The mommoue longth of spotl rahograph shall be 6

Spot radiographs may be retamed o be discarded by

the Manubictrer atter acceptance ot the vossel by the
Inspector, The acceptabiity of welds exammned by spat

cadiowraphy shall be judged by the followmg standards.

P Welds anowhich indations are charactenzcd
as cracks or zones of ieomiplete tasien or penetration
shall he unaceeptable

2 Welds e which indications are charactenzed
as slug melusions or cavites shadl be unaceeptable f
the fength of any such mdication s greater than =y
doeschiding am
allosvable remforcement, Foroa butt weld joimmg twe

where ¢ s the thickness of the we
members havig duterent Huckoesses ab the weld, ¢
the thinner of these two tneknesses, 16 a tull penetration
woeld michudes o Gitler weld, the thickness of 1he tiroat
of the Alet shall be mcluded moe I several mdicatons
withi the above hmpations exist m lmey the welds
shall be qudecd acceptable if the sum of the fongest
dimensions of all such indications 1s not maore than ¢
moa fength of &0 dor proportienately for radiographs
shorter than 60 and 1f the lengest orheatons commidered
are soparated by o least 3L of aceoptable wekl motal
whare Loas the tength of the fongest adicanon. (hv
maxinum length of soceptable mdications shall be 7
W L1 mam . Aoy such mdmnwu\ shorter than 'y m.
1o ity shall be aceeptably B any plare thickness,

(3 Rounded indications are not o factor m ihe
acceplabiduy of welds pot requred 10 be fully radio-
wraphed,

i) Evaluarion cond Refesis
) When a spol. radiographed as required 1

(0¥ ar {032y above, 15 acce

rable 1 accordinee

with o by tod 2y above, the entre weld merement

peprescnted by dus rchograph s aecoptable

D When wospets radiographed  as required
hitly or thur2iabove, has been cxamined and e
radhograph discloses weldimg which does vor comply
with the pumamum quabity requacements of (eply or
to 2y above, two wlditional spots shall be vdograplhi-
cally examnned i the same weld inerenient at lovations
away from the oremal spots The Jocations af those
addional spots shall be akl-:rmm-;-\l by the nspector

AY
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or labricator as provided for the original spot examina-
ton m (b)3) above.

(e} I the two additional spots examined show
welding which meets the mimmum quality requirenments
of (el by and (¢)2) above. the entire weld increment
represented by the three radiographs 1 aceeptable pro-
vided the defects disclosed by the first of the three
radiographs are removed and the arca repaired by
welding, The weld repatred area shall be racdiographi-
cally exammed i accordance with the foregomg require-
ments ol UW-32,

by I either of the two additional spots examined
shows welding which does not comply with the muini-
mum  quality requirements of ({1 or (©){2) above.
the entie merement of weld represented shall be re-
jeeted. The entire rejected weld shall be removed and
the joint shall be rewelded or, at the fabricator’s option,
the entire increment of weld represented shall be com-
pletely radiographed and only defects need be corrceted.

(e Repan welding shall be performed using a
qualified procedure and in a manner acceptable to the
nspector, The rewelded jomnt. or the weld repaired
avcas. shall be spot radingraphically examined at one
focation m accordance with the foregoing requirements

of UW-32,

UW-53 TECHNIQUE FOR ULTRASONIC
EXAMINATION OF WELDED

JOINTS

Ultrgsonie examination of welded joits when re-
quired or permitted by other paragraphs of this Division

2000 SECTION VI

IXVISION ) UAW-63
shall be performed i accordance with Appendix 12
and shall be evaluated to the acceptance standards
specificd in Appendix 120 The written examination
procedure shall be available 1o the Inspector and shall
be proven by actual demonsuation to the satisthction
of the Inspeetor to be capable of detecting and locating
imperfections described m this Division,

MARKING AND REPORTS
UW-60 GENERAL

The provisions lor marking and reports, UG-113
through UG-120. shall apply without supplement o

welded pressure vessels,

PRESSURE RELIEEF DEVICES
UW-65 GENERAL

The provisions lor pressure reliet deviees. UG-123

through UG-136. shall apply without supplement 1o

welded pressure vessels,
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UwW-11 RADIOGRAPHIC AND
ULTRASONIC EXAMINATION

() Full Radiograpin. The following welded joints
shall be examed radiographically for their full length
ui the manner prescribed m UW-31:

17 all butt welds in the shell and heads of vessels
used to contain lethal substances [see UW-2(a)]:

27 all butt welds in vessels i which the nominal
thickness [see (g) below] at the welded joint excesds
1Yy ine (38 mm). or exceeds the lesser thicknesses
prescribed m UCS-37, UNF-57, UHA-33. UCL-35. or
UCL-36 for the martenals covered therein. or as other-
wise preseribed m UHT-87, ULW.51. ULW-52(d},
ULW-534, or ULT-57: however, except as requirad by
UHT-37(a)., Categories B and € burt welds in nozzles
and communicating chambers that neither exceed NPS

10 nor 1Y in. (29 mmy wall thickness do not requirs
any radiographic examination:

UWI gl g ol alS 8155050, wl a5 (o5,lse 1V -0 S

3 2S5 ceelis 5 10" 5115 55 sl (A)(S)(D) SISLL 2 3loe Ll 4o vl SPOL LT 31T 50, upmidg o5 jloe 50
IRV K SV PV I R | 1/8" (29mm)

ib) Spor Radiograpin. Except as required m (a)(5D)
above., butt welded joints made m accordance with
Type No. (1) or (2) of Table UW-12 which are not
required to be fully radiographed by (a) above. may
be examined by spor radiography. Spot radiography
shall be in accordance with TU'W-52 If spot radiograply
is specified for the entire vessel, radiographic examina-
tion is not required of Category B and € butt welds
i nozzles and communicanng chambers? that exceed
neither NPS 10 nor 1'g in. (29 mm) wall thickness.
* Commumicaring chambers are defined as appurtenances 1o the vessel
wlich intersect the shell or heads of a vessel aud form an integral
part of the presswre confaining enclosure. e.g.. sumps.

UWIT b 0y o plol cndge S5 00l, a5 60,190 )+ F IS0
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() Evalugiion and Rerests

1) When a spot. radiographed as required in
(by1y or (b¥2) above, 15 acceptable in accordance
with (31 and (¢} 2) above. the entire weld increment
represented by this radiograph is acceprable,

27 When a spot. radiographed as required in
()ily or ()2 above. hias been exanuned and the
racdiograph discloses welding which does not comply
with the minimum quality requirements of {¢)(1) or
{c){2) above. two additional spors shall be radiographi-
cally exanunsad in the same weld merement ar locations
away from the original spot. The locations of these
additional spots shall be determuned by the Inspector

or fabricator as provided for the original spot examina-
tion in (b)(3) above.

i) If the two addinonal spots examined show
welding which meets the minimum quality requirements|
of {¢)(!) and (e)(2) above. the entire weld increment
represented by the tluee radiographs is acceprable pro-
vided the defects disclosed by the first of the thuee
radiographs are removed and the area repaired by
welding. The weld repaired area shall be radiographi
cally examined i accordance with the foregomg requive-
ments of TTW-52,

b1 If entlier of the two addinonal spots exanuued
shows welding which does pot comply swith the wnni-
mum quality requirements of (¢) 1) or {¢)(21 above.
the entire increment of weld represented shall be re-
jected, The entire rejected weld shall be removed and
the joint shall be rewelded or. at the fabricator’s option.
the entire increment of weld represented shall be com-

pletely radiographied and only defecrs need be corrected,
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API 1104 (1999) o laitea! (YY

Jlasl dg! bsks Low-alloy Steel 5 Lol )8 JU e ,o Butt, Fillet, Socket) slesg> (s 5ogx 5L, o laiteul o]
255 18 oolanul 5,50 Fuel Gases, Carbon Dioxide, Nitrogen e i oladg uiomen 5 pls s

GMAW . GTAW . SAW . SMAW sl b 6,052 alomjl 5,5 o o0 1, calides sloig, b (6,5 o, il o))
.Flash Welding . PAW .FCAW .

5 bl Olpitie Wlegoge cpl gl 5 canl 00,5 iy 25 1) WPS, PQR, WQT &l i 5055 (API 1104) o sl ()

el 03,8 asiin |y ol

JU e g aws W
5] oAl (UL e Ao A & s Slge ¢ ikl pt 5o
a) Yield Strength <42000 psi

b) 42000 psi < Yield Strength <65000 psi
¢) Yield Strength > 65000 psi

5.4.2.2 Base Material

A change in base material constitutes an essental variable.
When welding materials of two separate material groups, the
procedure tor the higher strength group shall be used. For the
purposes of this standard. all matenials shall be grouped
as follows:

a. Specified minimum yield strength less than or equal w
42.000 psi (290 MPa),

b. Specified mmimum yield strength greater than 42,000 psi
(290 MPa) but less than 65,000 psi (448 MPaj.

¢. For materials with a specified minimum yicld strength
areater than or equal to 65,00X) psi (448 MPa), each grade
shall receive a separate qualification test,

Note: The groupings specified in 5.4.2.2 do not imply that base mate-
nials or filler metals of different analvses within & group may be inchs-
eriminately substittted for a material that was used in the quabfication
test without consideration of the compatibility of the base matenials
and Aller metals from the standpotn: of merallurgical and mechaniesl
properties and requirements for pre- and post-heat treatment. J

APL 1104 15 Ju e oy s ) A S
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10.1.2 Defects Other Than Cracks

Defects in the root and filler beads may be repaired with
prior company authorization. Defects in the cover pass may
be repaired without prior company authorization. A qualificd
repair welding procedure is required to be used whenever a
yepair is made to a weld using a process different from that
used 1o make the original weld or when repairs are made i a
previously repaired arca.

APL 1104 )5 o comig VY- S0

2 ySe plol ¥ oo )leds Jgaz pillae POQR ks (g9, » Mechanical slozs U o3 slois plost APT 1104 5 laslel o

Table 2—Type and Number of lest Specimens tor Procedure Qualfication Test

Ouiside Digmeter of Pipe Number of Specimens
fensie Nivke Koot Face Side
fnches Mithmetes Strovigth Break Bend Bend Hend Tosead
Wall Thickness < G500 inch 112.7 mimy
<2378 < (1.3 o 2 2 O 0 #
2.375-4.500 GO3~114.3 o 2 2 0 0 4
>4 3012730 114323239 2 2 . 2 { 8
> 12750 » 3239 4 4 4 4 {1 16
Wall Thickness » Q30 mch (12,7 pans
< LA <1A3 (" 2 i} 8] 2 4
» 430012750 > 1433239 2 Z {i { 4 £
> 12730 = RT3 4 4 {1 ] X 16

Ome mick-break and one rootbend specimen shall be taken fron cach of two test wekds, or Tor pipe less than or equal te 1313 inches (334 mu
w dimetern, one full-secuon wnsle-sirength specimen shall be mken

SFor materials with specified mintmum vield sarengthy gremtes than 42000 pst 1200 MPai « mimmum of one ensile st shall be required.

PQR )5 Lo g5 g olawi V)Y S

ol el &S o )ls wa Neck Break cos o4 o2 ASME Sec. IX 5 a5 Bend Test 5 Tensile 5 ogde s luslesl ol o
5 12.7MM (gl § 2855 00 i Alwd 50 & Cualded 50gaa Jgar pl Bllas .l 00l 08 o Cealsed don (gl s
12.7mm 3l 25,5
6.2.2(d),(€) B1,51L sllae Sigz cand (glp Coaliess g kb s5gume
: s

2"(60.3mm) jlzas e -\

12"(323.9mm) & 2"(60.3mm) ;I Jas -Y

12% 51 58 )5 kb ¥
HO -

4.8 mm ;l ;.S -)

19mm t 4.8mm ;I -Y

19mm ; 25,5 -V
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PSLL2 4PSL 1w

&y yienS o pizie (Product Specification Level) PSL2 s PSL1 aJy mlaw g9 50 1, oyl Specification )
e oond BB (65505 s a5 0l 5l Sizrn

Wl ) 78w g0 ool Glodg pla

X70 s Grade A25 |, o Jg PSL 1
X80 s Grade BL s 4 PSL 2
ol ooy oLy PSL 2 g PSL 1 0 clidles| 51 ol aodls Appendix J

APPENDIX J—SUMMARY OF DIFFERENCES BETWEEN PSL 1 AND PSL 2

(INFORMATIVE)
Paraineter PSL 1 PSL. 2 » Reference
Grade range AZ3 through X70 B through X80 Table |
Size range 0.405 through 80 414y through %0 Tablc 1
Tvpe of Pipe Emds Plain-end, threaded-¢nd; Plain-end Table |
belled-end; special coupling pipe
Scam welkling All methods: continuous welding  All methods except continuous—— Table |
limited to Grate A25 arxd Jaser wekding
Electric welds: welder frequency No minimum 100 kHz manimum 5.1.332

Heat treatment of electric welds

Chemistry: max C for seamless pipe
Chemistry: max C for welded pipe
Chemistry: max P

Chemistry: max §

Carbon Equivalent:

Yictd Strength, Maximuem
UTS, Maximum
Fracture Tooghness

Nondesliuelve inspection of seamless

Repair by welding of pape boxdy, plate,
and skelp

Repaie by welding of weld seams with-

oul filler metal

Certification

Traceability

Required for prades > X42

£.28% Tor grades 2 B

0.20% for grades 2 B

0.030% for prades = A
0.030%

Only when purcheser speeifies
SRIY

None

Nane

None required
Only when purchaser specifies

SR4
Permilted

Permitted by agreement

Certificates when specified per
SRS

Traceable oaly vatil all tests are
passed, unless SR 15 is specified

Reyuired for all grades

{B through X80}

0.24%

0.22%

(rLO25%:

Q.015%

Maximum required for cach prade

Maxiom For each grade
Maximuen for cach grade
Reguired fon all grades

SR4 mundatory

Prohibited

Prohibited

Cenificates (SR15.1) muandatory

Traccabile afier completion of
tests (SR15.2) mandutory

5.0331,5133.

“Tahles 2A, 2B
‘Tables 2A, 283
Tables 2A, 28
Tubles 24, 2B

206027

42:43,6.1.3, SR15.1

Tubles JA, 3B
‘Tables A, 3B
6.2.0;9.3.5,9.84
Tuble 14

80.7.26

532;,97.6;B.1;
4.3:0744:97.6
124

5.6

;807

B.2

VBLZ BA

APISL ,sPSL 2 {PSL 1 alic )\Y st
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C.3 Welding Personnel Performance
Qualification

C.3.1 QUALIFICATION
C.3.1.1 General

Each repair welder and operator is required (o qualify. A
repair welder or operator qualified on one grade category is
gualified for any Jower grade calegory provided the same
welding process is used.

C.312 Testing

To qualify, a repair welder or operator shall produce welds
that are acceptable in the following tests:

a. Film radiographic examination per Scction 9 of this
- specification.

b. Two transverse guided-bend tests per C.2.2.3 of this
appendix.

¢. Two nick-break tests per C.2.2.4 of this appendix.
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A.4 Nondestructive Testing

The girth welds of jointers shall be 100% radiographed in
accordance with the procedures and standards of acceptabil-
ity in API Standard 1104 (see note). Jointer welds fatling to
pass this radiographic (esting may be repaired and re-radio-
graphed in accordance with the procedures and acceptance
criteria of API Standard 1104.

Note: See 7.7 for length requircments on jointers.

API 5L 15 0 5e e s T S

Sl 00 ol B3 205 09.7.3.9 GBIS1L o B1,5 500, 10 s> Gsse Jpd Las Specification oyl s

9.7.39 Acceptance Limits for Radiological
Inspection

Radiological examination shall be capable of detecting weld

imperfections and defects as described in 9,7.3.10and 9.7.3.11,

9.7.3.10 Imperfections Qbserved During
Radiological Inspection

The maximum acceptable size and distribution of slag
inclusion and/or pas pocket discontinuitics ‘are shown in
Tables 19 and 20 and Figures 7 and 8 (sce note).

The important factors to be considered in determining
rejeciion or acceplance limits are size and spacing of disconti-
auities and the sum aof the diameters in an gstablished dis-
tance. For simplicity, the distance is eslablished as any 6 in.
(152.4 mun) length. Discontinuities of this type usually occur
in an aligned pattern, but no distinction is made betwecn
aligned or scattered pauems, Also, the distribution patiern
may be of assorted sizes.

Note: Unless the discontinuities are elongated, it cannol be deter-
mined with assurance whether the radiological indications represent
slag inclusions or gas pockets. Therefore, the same limits apply w alt’
circular-type discontinuities. i

9.7.3.11 Defecls Observed During Radiological
Inspection

Crixcks, lack of complete penetration, lack of complete
fusion, and discontinuities greater in size and/or distribution
than shown in Tables 19 and 20 and Figures 7 and B, as indi-
caled by radiologica! examination, shall be considered
defects. See 9.7.6 for dispasition of pipe containing defects.

9.7.3.12 Dispagition of Defects Observed During
Radiclogical Inspection

Any weld defect detected as a result of radiological exami- |
nation shall be rejected. Disposition of the pipe containing the
&Icct shall be in accordance with 9.7.6.
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Figure 7-—Dxasmples of Maximum Disthouten Paterns of Indicated Clreunr Shy-Inciusion and
Guan-Pockel Tyne Discordinuties
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Example 1: One 1/2in. (12.7 mm) discantinuity
L —~- ] o=
Example 2: Two Y4 in. (6.4 mm) discontinuities
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Example 3: Three Ya in, (3.2 mm) discontinuitics

Figure 8—Examples of Maximum Distribution Pattarns of Indicated
Elongataed Slag-inclusion-Type Discontinuities
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7.8.10 Laminatlons (See Note)

Any lamination or inclusion extending into the face ar
bevel of the pipe and having a visually determincd transverse
dimension exceeding 174 in. (6.35 mm) is considercd a defect.
Pipe containing such defects shall be cut back until no lami-
nation or inclusion is greater than 14 in. (6.35 mm),

Any lamination in the body of the pipe exceeding both of
the following is considered a defect:

a. Greater than or equal to ¥4 in. (19.0 mm) in the minor
dimension,
b. Greater than or equal to 12 in.2 {7742 mm?) in area.

Disposition of such defects shall be in accordance with
9.7.6, [tem ¢ or d. No specific inspection by the manufacturer
is required unless the purchaser specifies special nondestruc-
tive inspection on the purchase order.

Note: A lamination is an internal meta! separation creating layers
generally parallel o the surface,
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Table 7—Tolerances for Diameter of Pipe Body

Tolerance? {with respect to specified outside

Size diameter)
<233 +0.0161n.,-0.031 in. (+ 0.4] mm, - 0.79 mm)
2 2Y3 and € 412, continuous welded + 1.00%
22gand <20 +0.75%
2 20, seanless = 1.00%
2 20 and < 36, welded +0.75%, - 0.25%
> 36, welded + lqin,, - g in. (+6.35 mm, - 3.20 mm)

In the case of pipe hydrostatically tested to pressures in excess of standard test pressures,
other tolerances may be agreed upon between the manufacturer and the purchaser.
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Table 8—Tolerance for Diameter at Pipe Ends

Qui-of-Roumxdness

Maximum Differential
Between Minimum and
Maximum Diamelers

End-to-End Diamcter, Axis Tolerance (Applics Only to Pipe
Size Minus Tolerince  Plus Tokerance Tokrance {Percent of Specified ODF With D/t £735)
S 10%, Tfey (040 mun) U1 (1.59 mm) — —
> 10%and €20 1135 (0.79 min) 332 {2.38 mm) - —
>20and 542 113 (0.79 mm) 332 (2.38 mm) b 1% <0500 in. (12,7 mm)
>42 1733 (0.79 mm) 332 (2.38 mm) b : + 1% £ 0.625in. (159 mm)

A0ut-of-roundness tolerances apply to maximum and minimum dimnelers as measured with a bar gage, caliper, or device measuring sciual max-

imum and minimum diameters. _
YThe averape dismeter (as measured with a diameter tape) nf onc end of pipe shall not differ by more than 3y, in. (2.38 mun) from that of the

ather end.

ds) sl s s V0 IS

Table 9—Tolerances for Wall Thickness

Tolerance? (Percent of Specified Wall Thickness)

Size Type of Pipe Grade B or Lower Grade X42 or Higher
<2t All +20.0,-12.5 +15.0,-125
> 23 and <20 All +150,-125 +15.0,-125
220 Welded +17.5,-12.5 +19.5,-8.0
220 Seamless +15.0,-12.5 +17.5,-100

2Where negative tolerances smaller than those listed are specified by the purchaser, the positive toler-
ance shall be increased to the applicable total tolerance range in percent less the wall thickness negative
tolerance,
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7.8.1 Dents

The pipe shall contain no dents greater than !/ in.
(635 mm), measurcd as the gap between the lowest point of
the dent and a prolongation of the original contour of the pipe.
The length of the dent in any direction shall not exceed one-
half the diameter of the pipe. All cold-formed dents deeper
than g in. (3.18 mm) with a sharp bottom gouge shall be con-
sidered a defect. The gouge may be removed by grinding.
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7.8.12 Undercuts 2. Maximum depth of /g4 in. (0.40 mm) any length.

b. Undercutting not classified as minor shall be considered a

defect. Disposition shall be as follows:
1. Undercut defects not exceeding /33 in. (0.79 mm) in
depth and not exceeding 121/,% of the specified wall
thickness shall be removed by grinding in accordance

Undercutting of submerged-arc or gas metal-arc welded
pipe is the reduction in thickness of the pipe wall adjacent to
the weld where it is fused to the surface of the pipe. Under-
cutting can best be located and measured visually,

a. Minor undercutting on either the inside or the outside of with 9.7.6, Item a.
the pipe is defined as follows and is acceptable without repair 2. Disposition of undercuts greater in depth than Y3 in.
or grinding: (0.79 mm) or 12'@% of the specified wall thickness shall
1. Maximum depth of !/33 in. (0.79 mm) and not exceed- e B R e
ing 12',% of the specified wall thickness with a
maximum length of one-half the specified wall thickness
and not more than two such undercuts in any 1 ft (0.30 m)
of the weld length,
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