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T e API 650 (2003) _wlwly (5l 0 a3 y3Lko 50 WQT g WPS 5%
T ettt ettt ettt e et e ettt e e na et e ete et e nneenteenaenneenes API 620 (2004) ,0 WQT ¢ WPS ¥t
T ettt e e e e e e e e e e et e e e et e e e e aateesaaaaaeeas API 1104 (1999) ,o WQT g WPS ¥t
T ettt ettt ettt ettt et ettt ettt ettt s et s et et ettt teas B31.3 ;0 WQT g WPS ¥t
LI OO B31.3 ;o Pressure Piping s g yw 3|yt Lot 9 s 5351 5159 WQT g WPS
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e e ettt b bt h e h ettt bbbt bt h e a et e bbbt bt bt n s et et et et b e COOLING RATE ®
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Y ettt bttt et aenre TEMPER BEAD WELDING S B
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Standards

Codes Specifications RP Guides Methods Code Cases Interpretation Errata

=5 4 Guide 4 Specification 5 Standard s Code s o) o )leis Jsoz ,0 AWS CC-RM DI1.1 s lsstew! ssllas

el ool 3

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, API 1104, ASME Sec VIII, MIL Spec 248D.

el 005 goy dil Slatnns ok o0liiul 13 Lpnd Sz 45 Cansl (yalsd Doy &l o S

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.

Slaie 5 Cod (g gome (S (oS (Sl 1 o3Il ki Cge el cwlul g (5 o sl

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 AS.1 through
AS5.31 are examples.
Jle lsins el 5Ls 050 b oaBly kS (bl polie gaiy o)los b 5 degazme SO 5l (ise o s> % Specification
O3l 5 oo 8 Slasie oLy 4w AWS A5.1 - A5.31

A Guide (Self-explanatory) is a document of the same class; AWS B1.11 Guide for the Visual
Examination of Welds, is an example.
Lol iz oo oyl b e AWS BLL11 Guide Jiw lgim ool aliw 53, 51 5 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 one or more governmental jurisdic-
tions. The use of specifications becomes manda-
tory only when they are referenced by codes or
contractural documents.

AWS WHB 5 CH-6 s.L Specification g o5 ca a5 1) S
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5 eslitul o s Ll Wil g Shall sl o5ly 5 soliiwl b a5 aszws o,lailew! 5l olie sleise LCode 4 s Specification
2 el g Ll ol a0 awgs Codes l eoliiwl a5 cuns| Specification 3 Code wylis.oisS o plo |y ool Joe b by
o, Specification ;| soliwl ool & jg,0 59,0 S law L Codes 5,Lal & 90,0 s Specification ;i ool aCIl>
S Caglyl Ko a0 g 0 lailial

RP (Recommended Practice) m

055 oolgiin Joe bg, AWS—RP C5.5 (GTAW)Jls oylgie @ .l o lailiwl 845 solprin slaig, Jolis Lise o)
o e ples JolS g Jate &ygo 4 AWS o lailinl soloiias oy, ool j0 a5 GTAW g, o Kas> sl canl o laslil
elzsl g WPS a5 o olsie RP pl s g9, L as el ools @l 1 p3¥ Slolgrian Jolhe pled 10 5. Sl 0ol ools mudgs o,
2,85 28l ) ¥ LSS e s cnl 395

Methods m

el 00l usgi 1) 09l ploul Wby Material 9y &S s slpss 5l gl acgome ASTM Jlo lgie

Code Cases m

O ygans § Sguire 4 abogs o dleS Lawgi aS el 0550l 1l agi b g 0950 Ol yhe g puilsd g5l las Code Case
545 ax>l 0 ASME Sec VIII Div.1App.16-1 (b) o,lailteul & eCode Case ;o 5,0 slp ailow Olg> g Jlgm

(b) Code Cases may be issued by the Committee
when the need 1s urgent. Code Cases clarify the intent
of existing Code requirements or provide alternative
requirements. Code Cases are written as a question and
reply and are usually intended to be incorporated into
the Code at a later date. Code interpretations provide
the meaning of or the intent of existing rules in the
Code and are also presented as a question and a reply.
Both Code Cases and Code interpretations are published
by the Comimittee.

ASME Sec VIII Div.1App.16-1 (b) 5.k Code Cases i 5 Y o

Interpretation m

Sl 51 Vs ol a5 T oo s SVl 50 slpt S 6yl e 5 0 Ll s il s Blads &gy 45 Slegige
543 & slitwl wsle Interpretation a sliw! .ol sais o zgog 4 0 lulinl 053 10 SVl Jud (sl 055 o 00y
O RRE T

3 lsie BT a8 Jlgms ol oy by ol 5 33l8el alg) 51 sl ags oS st o oo 4y ASME B31.1 s st o ) Jbo
el 00y soum  Interpretation B31.1 iso jo 13 b o,S eoliiwl yole oily 0,5 Cowyo sl dg)

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, 1997

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 met.

ASME B31.1 Interpretation ¥ <

=T v
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Guides & RP =
Gl 2SS Hloie 4y Slesie joka a5 wies e laibiul &dly 1o ¢ golpin Loe sleds, 5 lmloial, LRP 4 LGuide
Bas dgdus oolitul yin May ¢ Should Jie Sl )l solering sledigy 5 bmlosaly ol 5o ail ool slpaing oausS colaiul
oS5 08 a5l i o b g S e, 1, 08 &l e JBlas sl wilay oaisS soliiul b wizea b Code ¢ols 5550l LGuide
1355 as>| e Definition _zs AWS WHB 5 CH.6 o usteul s Gl gy o (gl S
Guides and recommended practices are
standards that are offered primarily as aids to the
user, They use verbs such as should and may
because their use is usually optional. 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 s
at the user’s discretion. '
AWS WHB 5 CH.6 ,s RP , Guide o, F s

Erratam
5 Sz 2l slehale bl 5l oads Gl o lasbin! I5aze Syl fled 4y bgy e dieS (0 lailinl 1o ol g g Sl 5l e

ool kel g Cl 5l e &S aiSie piiine g ol aslihale flgie cou PMal e | ole ledale A dS Coles jo g WS sy g
Ol ekl 550 o lasliv] Mol 4y Cond dalidalé (pl Bl o (ame 4y diziwd s3le abgy e ol slo cusS colaiul ¢ aslidale
QS pladl cdg gl (o

st 1,2V 03Y @l jgiws 43501 : Mandatory .
A5l solpiin oS> a5 Cancslgiws : Nonmandatory .Y

5 yibius! il
ol 5l eolaiul colz 26 5lole # 5 am 5 0,55 o Addenda Jlo o wsdin iolpg )L Jlo 4w ,2 ASME Codes
e Jleel Wb il o ame 4 o5 Errata glizul 4 054 o Mandatory

Dgd oo Dl Wiz LS, (Jlw 0,2 API

Generally, API 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 longer be in effect five years after its publication date as an
operative API standard or, where an extension has been granted, upon republication. Status
of the publication can be ascertained from the API Authuring Department [telephone (202)
682-8000]. A catzlog of API publications and matenials 1s published annually and updated
quarterly by API, 1220 L. Street, N.-W., Washington, D.C. 20005.

API 510 Special Note :5 s

=T A =
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.. sAWS s ASME 5 API _5 20
Sl oo 530 il a3l e gi 4 Ll 050 50 el slao lusbil a5 leise AWS WHB-5 CH-6 o

Products covered by codes J:d%rdsdvaﬁoworgaﬁnﬁom
ASME
NBPVI
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 equipment . 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 equipment X X X
Sheet metal fabrication X
Ships X X X
Storage tanks X X X
Structures, general X X
Vehicles X X X
AWS WHB-5 CH-6 s .5
API

- API Std. 620: (15 psi) ,Led o5 sl o3 o3 calo o lasbisl

- API Std. 650: 5 0uasl gl 053 5 cilo o laill

- APIStd. 653: (o33 (il pens o lasbenl

- APISH. 510: sies Gesgpo ;5 45 (5,128 S 15l (6,lagS5g yeosn o, il
- APIStd. 570: sizen g o 45 225 alg) lioiunns rasiy (oosb

- API Spec. SL: 4o calu o, laile

- APIStd. 1104: 4y Lshs

= APIRP 1107: alg) bslas g ,lagSsg oS
= APIRP 1110: s slo aly) boglas ey i

- AWS A24: ¢ Kigr oDe

- AWS A33: e olodasl iy s

- AWS D3.0: O ;Kb lonaisss
- AWS A5.1-A531: L5 o L,s sy
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AWS (WHB-1) — (WHB-S): s .6 5 6,5 ciiir i, &0 Sl s
AWS DI1.1: 36 sl o5l

AWS D1.2: _egiesll sl ojles

AWS DL.5: b

ASME Sec. I Part A: _al JU <o

ASME Sec. II Part B: ol & JU %

ASME Sec. II Part C: ,Ls

ASME Sec. II Part D: slge _olg>

ASME Sec. VIII @ jLis cos 3w sl g )b

ASME Sec. IX : 5,5 w5 6, Kig> (lg

ASME B31.3: sxio a5 4y sleotonmw

ASME B36.10M: el 0,5 sl dg) solal Slasin

ASME B36.19M: Loul kil glo dg) colel clasi

ASME B16.5: 5! YF U VY plo 5l oVlail 5 b mld golal clasie
ASME B16.47: ol #+ b Y8 plo 5l o¥lail 5 o il ooleyl lasin

: S laolaibawl Jie a5)ls a0 b o sloo jlslisl 5 L sl oo lasbsl 51 sax
ASME Sec. II (Material)
ASME Sec. V (NDT)
ASME Sec. IX (Welding and Brazing)
ASTM (Material and Methods)
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ASME & jlastow! 8,90 4o ()

39> 2 el Lo ol it e YAV slaw 1240 1A Jlo 5l Jlo Y+ @owe o (Civil War) 1S ,60 Jsls S 5l o
o anS Oyl b 31 s Gae pl o a8 VEe e g0 5. S

p3Y oeils ol ST VLT 5o L sl sl a5 o g 12V Jle 4o camgzlole <Ll 1o Jhsy (>lb 4y by e oyalsd ol
RO

ST Section sl o sl s cos il 5 ,bu slo,lss 5 600 0 el (>l sl s lastial ol

sl o Bl slaSection 4 .o )l ezl 4 ool gl VAV0 Jlo 4,98 10 ,o Section I (Power Boiler) v

Section III — Locomotive Boilers 1921
Section IV — Miniature Boilers 1922
Section VI — Heating Boilers 1923
Section II — Material 1924
Section VIII — Unfired Pressure Vessels 1925
Section VII — Care and use of Boilers 1926
ASME Sec VIII »,lastiwl 3t

048 oo ol Division aw ;o ASME Sec VIII s st

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)

Slacgeme ¥ ogacgame ;o5 ¥ Jolis aS coul lad e il >lhb 4y by e ASME Sec. VIII Div.1 s,laibl
o aib Lall By, > L Nonmandatory sleAppendix 4 o,les L Mandatory slaAppendix .colsAppendix
KXW

3l G dy o 5,50 50 Appendix 16 4 (Q.C. Plan) cis J,us asy, 8)90,0 Appendix 10 Jls glye o
ol o5 i oolgiion sles 5,90 0 Appendix R g amas 13 Ll o1, 63Y ledbl ASME

203l eas (5,135 Subsection C . Subsection B . Subsection A lgie co b acgomo
il Lo 1) lad cov il den slp ol g oY Lul,s &US o5 ¢l UG o)L Juls :Subsection A
cilw bz sledy, ol ool g oY bl 805 o5 cwl UB UF UW slys )b Julis acgema 5 ol :Subsection B
wgine (UF) 6,550, 5 (UB) 5,55 mord « (UW) (5,852 Jolis a5 sl jlid o (3l
o=l el UCS, UNF, UHA, UCI, UCL, UCD, UHT, ULW, and ULT Jsl& acgomay; ol Subsection C
dle JLad Cod (e e 3 osliiul (sl alide Sl )3 Slge sl (212l g a3 Llyd &S Glls acgeze

¢ ax>l 0 ASME Sec. VIII Div.1 s lastsl jo Para. U-1(b) & acgemep; ¥ opl condg 5yt Sledbl gl

=T 5 =
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ol 0l U-3 Jgaz 10 sl oas 08 g 1o oot 8 lailiwl cpl jo a8 slas lasbn! m

TABLE U-3
YEAR OF ACCEPTABLE EDITION OF REFERENCED STANDARDS IN THIS DIVISION
Title MNumber Year
Seat Tightness of Pressure Relief Valves API Std. 527 1991
Unified Inch Screw Threads (UN and UNR Thread Form) ASME B1.1 1989

Pipe Threads, General Purpose (Inch)

Cast Iron Pipe Flanges and Flanged Fittings, Classes 25,
125, 250, and 800

Pipe Flanges and Flanged Fittings

Factory-Made Wrought Steel Buttwelding Fittings
Forged Fittings, Socket-Welding and Threaded

Cast Bronze Threaded Fittings Classes 125 and 250

Metallic Gaskets for Pipe Flanges — Ring-Joint, Spiral
Wound, and Jacketed

Cast Copper Alloy Pipe Flanges and Flanged Fittings, Class
150, 300, 400, 600, 900, 1500, and 2500

Wrought Steel Buttwelding Short Radius Elbows and
Returns

Ductile Tron Pipe Flanges and Flanged Fittings, Class 150
and 300

Large Diameter Steel Flanges, NPS 26 Through NPS 60

Sguare and Hex Muts (Inch Serles)

Welded and Seamless Wrought Steel Pipe

Pressure Rellef Devices
Qualifications for Authorized Inspection
ASNT Central Certification Program

ASNT Standard for Qualihcation and Certification of
Mondestructive Testing Personnel

Recommended Practice for Personnel Qualification and
Certification in Nondestructive Testing

Standard Test Methods for Flash Point by Tag Closed
Tester

Standard Test Methods for Flash Polnt by Pensky-Martens
Closed Tester

ANSIJASME
B1.20.1

ASME/ANS]
B16.1

ASME Ele.5
ASME Ele.9
ASNE El6.11
ANSI/ASME
Ble.15
ASME Ele.20
ASME Ele.24
ASME/ANS]
Ble.2a
ASME/ANST
Ble.42
ASME Ele.47

ASME/ANS]
Bls.2.2

ANSI/ASME
B36.10M

ASME PTC 25
ASME QAI-1
ACCP

CP-189

SNT-TC-1A

ASTM D 56

ASTM D 93

1983 (R19921(2)

1989

1996(1)
1993
1991
1985
1993
1991
1986
1987

1996

1987

1985 (R19941(2)

1994
(3)
Rev 3,
Movember 1997
1995

1996, A98

1987

1930

(continued)
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TABLE U-3
YEAR OF ACCEPTAELE EDITION OF REFERENCED STANDARDS IN THIS DIVISION
(CONT'D)
Title Number Year
Methods of Tension Testing of Metallic Materials ASTM E 8 1990
Methods of Verification and Classification of Extensometers ASTM E 83 1990
Reference Photographs for Magnetic Particle Indications on ASTM E 125 1963 (R1985)(2)
Ferrous Castings
Hardness Conversion Tables for Metals ASTIM E 140 1988
Standard Reference Radiographs for Heavy-Walled (2 to ASTM E 186 1998
4%%-in. (51 to 114-mm)) Steel Castings
Method of Conducting Drop Weight Test to Determine Nil ASTM E 208 1987a
Ductility Transition Temperature of Ferritic Steel
Standard Reference Radiographs for Heavy-Walled (4% to ASTM E 280 1998
1z-in. (114 to 205-mm)) Steel Castings
Standard Reference Radiographs for Steel Castings up to 2 ASTM E 446 1998
In. (51 mm) In Thickness
Marking and Labeling Systems ANSI/UL-969 1991

MOTES:

(1) See UG-11(a¥2).
(2) R — Reaffirmed.
(3) See UG-91.
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ASME Sec VIII 5,15 35505 m

el 5,18 4 U-1(e) G154 slas ASME Sec VIII o 5,5 55500

U-Ife)(l) where external piping: other pressure
vessels ncluding heat exchangers; or mechanical de-
vices, such as pumps, mixers, or compressors, are to
be connected to the vessel:

{a) the welding end connection for the first
circumferential joint for welded connections [see UW-
13(g)]:

(h) the first threaded joint for screwed connec-

tions:

fc) the face of the first flange for bolted, flanged

connections;

{d) the first sealing surface for proprietary con-

nections or fittings:

U-1(e)i2) where nonpressure parts are welded di-
rectly to either the internal or external pressure retaining
surface of a pressure vessel, this scope shall include the
design, fabrication, testing, and material requirements
established for nonpressure part attachments by the
applicable paragraphs of this Division:®

U-1fe)(3) pressure retaining covers for vessel open-
ings, such as manhole and handhole covers;

U-1re)i4) the first sealing surface for proprietary
fittings or components for which rules are not provided
by this Division, such as gages, instruments, and nonme-
tallic components,

ASME Sec VIII 5,55 s5gamme : A S

O3B 0 Out-of-Roundness ¢ 3 ,uii m

bl ol B <) 51 i ol e ke o a8 5 oyt 3] ASME Sec VIII Div.1 UG-80.2 3.k

PERMISSIBLE OUT-OF-
ROUNDNESS OF CYLINDRICAL,
CONICAL, AND SPHERICAL
SHELLS

UG-80

{a) Internal Pressure. The shell of a completed vessel
shall be substantially round and shall meet the following
requirements.

(1) The difference between the maximum and min-
mmum inside diameters at any cross section shall not
exceed 1% of the nominal diameter at the cross section

FIG. UG-80.2 EXAMPLE OF DIFFERENCES
BETWEEN MAXIMUM AND MINIMUM INSIDE
DIAMETERS IN CYLINDRICAL, CONICAL, AND

SPHERICAL SHELLS

ASME Sec VIII Div.1 , UG 80 &b 5l jlxe p3 s A JSi
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FIG. UW-3 TLLUSTRATION OF WELDED JOINT LOCATIONS TYPICAL OF CATEGORIES A, B C, AND D
ASME Sec VIII Div.1, UW-3 5 ;e Sber cgois diws : )+ IS

(=)

Category A: ooy sledszr b &5
Category B: oo sleedyz &5
Sy dalgm A g 5l 55 5% 4 Head Jlas! ¢ ozl Hemispherical Head 51
Category C: s « Neck Jlasl
Category D: 5w 4 alg Ylas!

3,90 Cwulrd ral (55,5 (B Culbrs ttulbrs Slulxe e 4 cats] ol ailginl y3lxe 9 (59,5 (3B led P 5l (SO aisS

el (gl wilgl (e o 5k

(2) Longitudinal Stress (Circumferential Joims}.m (c) Cviindrical Shells. The minimum thickness or
When the thickness does not exceed one-half of the maximum allowable working pressure of cylindrical
inside radius, or P does not exceed 1.25SE, the following shells shall be the greater thickness or lesser pressure
formulas shall apply: as given by (1) or (2) below.

(1) Circumferential Stress (Longitudinal Joints).
When the thickness does not exceed one-half of the
= DS or P = et (2) inside radius, or P does not exceed 0.385SE, the

2SE+ 0.4P R - 041 tollowing formulas shall apply:
(d) Spherical Shells. When the thickness of the shell . PR o _ _ SEt a
of a wholly spherical vessel does not exceed 0.356R, SE — 0.6P R+ 0.6

or P does not exceed 0.6655E, the following formulas
shall apply:

PR 2SEr
Hee— " P e —— 3
2SE—02P R+02f (3)

ASME Sec VIII Div. 1, UG-27 ,s Jlib e o3l dagy cuslied ) S
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OB yo gz bghs dlols m
L oplp Blas b Jsb (hsx bas g0 alold sl ailas 31,5 gs0l) a5 50,0 il ool a5l ysS SO 5l i b aS G356 4o
s 5L alols ol il oo B Sge0ly 5 LG Gillae b g ol Jgd 31,5 g0, 4S5, 50,0 il SXThickness

t 14 4

) (8)

(d) Except when the longitudinal joints are radio- 5
graphed 4 in. each side of each circumferential welded -—;@

intersection, vessels made up of two or more courses 'ﬁ @ (

shall have the centers of the welded longitudinal joints ‘ﬂ* ,@ 4 E
of adjacent courses staggered or separated by a distance _ (o)
of at least five times the thickness of the thicker plate. @ .

ASME Sec VI Div.1, UW9 b Jsb slbsr bs dlob Jlas Y JSs

Sy Slows g 92 bglas alold
5t o Wb oose gz b3 55 alold ULT-17(b) b (0l bos sl 55 ogae) il 5L 056 oo a5 50 0
ROV P PEIE I SV PR -EpR W

ULT-17 WELDED JOINTS

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

(b) The alignment of longitudinal joints in adjacent
cylindrical sections or heads shall be displaced at least
five times the thickness of the thicker material.
ASME Sec VIII Div.1, ULT17 gk iyl Lo sy sl Job ogm Lot g0 alold Jolas V¥ IS
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UW-16 MINIMUM REQUIREMENTS FOR 01
ATTACHMENT WELDS AT
OPENINGS

Backing strip if used may be removed after welding

12t

max. = 1, 1/21

Full Penetration Weld
With Integral Reinforcement
[See UW-16 (c)(1) and Note (1)]

min.,
(a-2) {a-3)

Separate Reinforcement Plates Added [See UW-16 ic)(2)] |

T B ey ﬂﬂ;ﬁ
D |
/%\ _ | //‘—r,,- |

i -

Backing strip if %

(b} used may be  (g) (d)
removed after welding

(e)

Full Penetration Welds to Which Separate Reinforcement Plates May be Added [See UW-16 (c)(2) and Note (1}]

Notes follow on last page of this Figure

FIG. UW-161 SOME ACCEPTABLE TYPES OF WELDED NOZZLES AND OTHER CONNECTIONS TO SHELLS,
HEADS, ETC.

UW-16 b e oYlal Jod L YLl glgl VF S
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Spin Holes =

=\.¢J 4.1.......:9...;..\4 b el o~.\...>l:>):> olKws il B u.e‘.‘> C‘)ﬁ.w Q”‘ ..\...&Ho .JL?U‘ U] Ja.wj ) ‘5’>‘)9.w u)l.?u Head sl o
o)y odle ol ous 00ls sy Flig opl (5, g 59565 8,L,0 UW=34 15 50 0ls 0,8 1350 4y Jlasl g Head ¢l
Base < jlHead Jslo cwnd jo #lygw 5,0 Weld Metal alwss o1 0,5 5 5l e olgis ) JS5 @llae Sloeosgs
2,5 oolawl aislus Head JU o wimen a5 Plate

P

L,

oy Head (655 50 gligw 09,5 5 03, 0 UK

UW-34 SPIN-HOLES

Spin-holes are permitted at the center of heads to
facilitate forming. Spin-holes not greater in diameter
than 2% in. may be closed with a full-penetration weld
using either a welded plug or weld metal. The weld
and plug shall be no thinner than the head material
adjacent to the spin-hole.

The finished weld shall be examined” and shall meet
the acceptance requirements of Appendix 6 or Appendix
8 of this Division. Radiographic examination, if required
by UW-11(a), and additional inspections, 1f required
by the material specification, shall be performed.

This weld is a butt weld, but it i1s not categorized.
It shall not be considered in establishing the joint
efficiency of any part of the head or of the head-to-
shell weld.

Spin Holes Joall gms : V& IS
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(c) Elliptical (d) Flanged and dished
(torispherical)
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(e) Conical (f) Toriconical
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Peening m
el 00 o0ls sy Peening b akal, ;o UW-39 GIS1L o

e Peening
Peening ;| (Relieve Residual Stress) wlews sleiss 9,5 ol;1 ¢ (Distortion) Souzs J8 slp UW-39 glas

Aoy b (B b ciws Slgie Sbps cpl gdue 3l Ghe> mlaw 4 aS ol S BB g aras] Gl o 28lg,0 45 ogdue solitul
b g (Root Pass) <G ol ;o (g, cnl 5 dgiae soliiwl (o> sl o)l (30 STam gly 28lg,0 a5 .00 alxil g0l sla,l3l
PWHT .3 > Peening (g gon 4 cuils axg5 aub 09 PWHT pg> o1 as1 Ko 0gias ooliwl (Final Pass) 51

-0 gllpod

UW-39 PEENING

(@) Weld metal and heat affected zones may be
peened by manual, electric, or pneumatic means when
it 1s deemed necessary or helpful to control distortion,
to relieve residual stresses, or to improve the quality
of the weld. Peening shall not be used on the initial
{root) layer of weld metal nor on the final (face) layer
unless the weld is subsequently postweld heat treated.
In no case, however. is peening to be performed
i lieu of any postweld heat treatment required by
these rules.

(b) Controlled shot peening and other similar methods
which are intended only to enhance surface properties
of the vessel or vessel parts shall be performed after
any nondestructive examinations and pressure tests re-
quired by these rules.

Jlid cov yibe b 0 Peening: A S
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(Unequal Thicknesses) sy pé glysolns Jlasl (v

ASME Sec VIII Div.1 5 by pé slsolis Jlail 31X

g (Taper) o3ls ad WY cod 4 culbis S Jlade wb Fig. UW-9 glae ASME Sec VIII Div.1 s lastesl s

Tw-11
™ T T £=3y, where £is required
length of taper and y is
¢ the offset between the
adjacent surfaces of
e abutting sections

NOTE: Length of required
taper,,é’, may include the
width of the weld.

2001 SECTION VIII — DIVISION 1

UW-11

Taper Either Inside
or Qutside

Weld

In all cases #shall be not less than 3y.

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

(b}

ASME Sec VIIT 16 slozabes Jlasl ,o g5le ad Bgms : V3 S

PWHT cldee lp o 8,90 cules (s sl oL Shell & Head Jlas! « (Unequal Thickness) Jlas! ol a3 g0 0
ol Shell culrs wulbrs S il Shell e¥lasl a5 90,8 ¢ .l 5556 £ 52 wwls SH

(5) When a welded joint connects parts of unequal
thicknesses, the nominal thickness shall be the fol-
lowing:

(a) the thinner of two adjacent butt-welded parts
including head to shell connections:

(b) the thickness of the shell or the fillet weld,
whichever is greater, in connections to intermediate
heads of the type shown in Fig. UW-13.1 sketch (f):

fc) the thickness of the shell in connections
to tubesheets, flat heads, covers, flanges, or similar
constructions;

(d) in 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 attachment fillet weld,
whichever is the greater:

fe) the thickness of the nozzle neck at the joint
in nozzle neck to flange connections:

(f) the thickness of the weld at the point of
attachment when a nonpressure part is welded to a
pressure part:

(g} the thickness of the weld in tube-to-tubesheet
connections.

UW40 &b PWHT o> ccwlro S s Joddlygiws ¥ IS
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API 620 ;5 LSy jé slgolies Jlasl 11
odd 3B i 0,16 S1S1LL ;0 APT 620 (2004) o lastew] gllas

Jate Soden 40 a8 5,5 90 Caalies 51 35 S b « 40y slodyg 0 12.7mm 1 YL cwlses ol )l slePlate ol
il ad Wb 5 s 5,9 siil ansly Cubro Ogles Sooea L3Mm | iy« Sgdos be> Butt-Weld &g g sigio
ool ol L3 ;0 a5 Fig 6.1 S olae VT s & Taper o g 542 (Trimmed)

6.16 MATCHING PLATES OF UNEQUAL
THICKNESS

For plates over !/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 /8 in., the
thicker plate shall be trimmed to a smooth taper that extends
for a distance at least four tumes the offset between the abut-
ting surfaces so that the adjoining edges will be of approxi-
mately the same thickness. The length of the required taper
may include the width of the weld (see Figure 6-1).

API 620 1,6 slyebies Jlasl o g3l ad sgmi s VY IS

~. (=
T‘.""‘ \\ __J{“ " A A'\. M r-
L \ S ;{ A "\ \\
. 1\_‘ S Vi \'I. ',"' "5@' LYY
\1 I \11 f 20Ny
I % VN
1 &) ':" \
Weld | B
(see —=—} | € ¢ 4 ¢
Note 1) | - ' Taper may |y l.
. be inside 1
~— O outside
A
FJ ’ /h i \
1’ L, l/ If\ \\
':nw"‘/ i,” \\’1.?
eyt ._—J
Panel a Panel b Panel ¢

PREFERRED PERMISSIBLE PREFERRED
(Center lines
coincide)

Notes:

1. The length of the required taper € may include the width of the weld.

2. In all cases, £ shall be not less than four times the offset between the
abutting plates.

Figure 6-1—Butt Welding of Plates of Unequal
Thickness

API 620 1,6 slgales Jlasl o (s5he ad bgms : YY S
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ASME B31.3 ;o (LuSy jé sloobis Jlas! 11
Lol o 0.3 328.4 (b)(5) &I, 51L ,o ASME B31.3 s luitsl ;o (Unequal thickness) pl b cuwbis g0 Jlas! coxsg
39 5l =5 5 Miter Groove) ;ls cuss slagly ,o L (Girth Groove) e (g o Jlasl Joe 289 SIS1L ol 4o
1 -
Il A5l Sleilind Joi8 B (ol sllas sl bl 5l 5,50 12 st 5 (52 5 23k 1ol ol

Sl VY 5 Taper cous sowl b3 0 a5 o, laibewl ol 5o 45wl ASME B16.25

Lmin_ 15t
2 = Imin
.
Outside l‘ .I.
1 ~— Radius 2 0.05 tmi
{Note (5} | e
Outside H

45 deg max

‘/—Radiua 2 0.05 tmin

30 deg max

/_ [Note (3)]
[Note (4)]

~
LY
- A\ ]
\4_
Component or Fitting \ - -
\ / Maximum [Note (2)]
\ ’ thom tmin Minimum 1.0t
\ /
\._ ’/
—— -* — — — —

30 deg max

~

Maximum slope 1:3 INote (1}]

‘\_
| Radius 2 0.05 ., [Note (5)]
!
Inside
>

2t min transition region

Inside
[MNote (5}]

NOTES:

{1) The value of t,, is whichever of the following is applicable:
{a) the minimum ordered wall thickness of the pipe;
{b} 0.875 times the nominal wall thickness of pipe ardered to a pipe schedule wall thickness that has an under-tolerance of 12,5%;
{c} the minimum ordered wall thickness of the cylindrical welding end of a component or fitting {or the thinner of the two) when the

joint is between two components.

(2) The maximum thickness at the end of the component is:
{a) the greater of tm, + 4 mm (0.16 in.) or 1.15t,,,;, When ordered on a minimum wall basis,
(b} the greater of ty, + 4 mm (0.16 in.) or 1.10¢,,,, when ordered on a nominal wall basis.

{3) Weld bevel shown is for illustration only.

(4) The weld reinforcement permitted by applicable code may lie outside the maximum envelope.

(5) Where transitions using maximum slope do not intersect inside or outside surface, as shown by phantom outlines, maximum slopes
shown or alternate radii shall be used.

FIG. 1 MAXIMUM ENVELOPE FOR WELDING END TRANSITIONS

ASME B16.25 1,6 lyebies Jlasl s g3l ad bgm s VY IS
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(5) When a girth or miter groove weldjoins compo-
nents of unequal wall thickness and one is more than
1% times the thickness of the other, end preparation and
geometry shall be in accordance with acceptable designs
for unequal wall thickness in ASMFE B16.25.

ASME B31.3 1,6 lebies Jlasl ) g5be ad 8550 : YF S

Jbw joee g o Taper oS o5 Taper wilgnse 5)ge,0 il Inside jo cwbrs Musl a5 50,0 Piping o :assS
dgdue Taper 5 sllSs glhe sl Outside ,o azibi> Jg .0l

==

la oJoJ Inside 0,5 Taper s YO JSi

>

'r—‘
tm
N

Parmitted ~

Sy
misalignment. C T
Soe WPS, 30 deg max.

{a) Thicker Pipe Taper-Bored 1o Align

T a
e f
[N

m

Permitted

misalignment, iy # 30 deg
corner
Seg WPS. max.

{b} Thicker Pipe Bored for Alignment

Fig. 328.4.3 Trimming and Permitted
Misalignment

B31.3)w,ls Outside ;s cubis @3k a8 SYlail |5 il 4 YFUSS

Yy
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ASME B16.47 y5 (yluSy mé loslis Jlail 11
EYlasl g5l ad Fig. 7 s golae £+ B YE" 5IVL Lo slemuidd 4 0giun b o a5 ASME B16.47 o lasbes! (o

S¢i Taper cawulow VY cows 4 (Unequal) pl b slossbss
ASME B16.47-1586

LARGE DIAMETER STEEL FLANGES
WELDING ENDS
{Welding Neck Flangas)

ADDITIONAL THICKNESS FOR
WELDING TO HIGHER STRENGTH PIFE

18 deq. max, (131

;

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

18 deg. max. {1:3i

4
1
e

18 deg. max. {1:3) r +

FIG. 7 BEVEL FOR COMBINED THICKNESS™®

NOTES:
§11 Neither ty, 5, nor their sum 14, + f3} shall excesd 0.5¢.

2} When the minimum specified yield strengths of the sactions to be joined are unequal, the vaiue of {7 shail atleast equal ¢ times the
ratio of minimum specified yield strength of the pipa to vield strength of the Hange.
{3 Weiding shall be in 2ccordance with the applicable endo.

ASME B16.47 oobwl s g3l ad Bems 1 YV S
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POR ;o by jé cwolns Qualify 35900 (F

ASME Sec IX slks (Unequal Thickness) LS é oVlasl 5l oais ags PQR cwbs Qualify sogome coxsg

sl 3 i 4 QW 4511 Jgus s QW 202.4 5151,

gine Qualify ¢ 2T )5 4 (Thinner) 55U coans QW 451.1 ; QW 202.4(a) s:lkas
LT cancd & Jb e 5l (S sl aib 6mm 51 i (Test Coupon) iolej] &ges cwlius azili= QW 202.4(b) solas
ool 350500l 5T Csless iSTa 83g90me P-NO. 8 L b sl izl a5l oaal 33 BLEL 4o

OW-202.4 Dissimilar Base Metal Thicknesses.
WPS qualified on groove welds shall be applicable
for production welds between dissimilar base metal
thicknesses provided:

fa) the thickness of the thinner member shall be
within the mnge permitted by QW451;

{B) the thickness of the thicker member shall be as
follows.

(1) For P-No. 8, P-No. 41, P-No. 42, P-No. 43,
P-MNo. 44, P-No. 45, P-No. 46, P-No. 51, P-No. 52,
P-No. 33, P-No. 61, and P-No. 62 metal, there shall
be no limitation on the maximum thickness of the
thicker production member in joints of similar P-Number
materials provided qualification was made on base metal
having a thickness of ' in. (6 mm) or greater.

¢2) For all other metal, the thickness of the thicker
member shall be within the range permitted by QW-
451, except there need be no limitation on the maximum
thickness of the thicker production member provided
qualification was made on base metal having a thickness
of 1% in. (38 mm) or more.
More than one procedure qualification may be re-
quired to qualify for some dissimilar thickness combina-
ticns.

Cuoles Ll 5l PQR (6 )15 88905 = YA IS

QW-450 SPECIMENS

QW-451

Procedure Qualification Thickness Limits and Test Specimens

Qw-451.1
GROOVE-WELD TENSION TESTS AND TRANSVERSE-BEND TESTS

Range of Thickness T of Base Metal Thickness ¢ of Deposited Weld Metal

Type and Number of Tests Required
(Tension and Guided-Bend Tests) [Note (2]

Qualified, n. (mm)

Qualified, in. (mm)

[Notes (1) and (2)] [Notes (1) and (2)] Side Face Root
Thickness T of Test Coupon Tension, Bend, Bend, BEend,
Welded, in. (mm) Min. Max. Max. Qw-150 Qw-160  QW-160  QW-160
Less than '/y, (1.6) T a7 2t 2 L. 2 2
16 to g (1.6 to 10), incl. e (1.6) 2T 2t 2 Note (3) 2 2
Over Y (10}, but less than /s (19) "4 (4.8) 27 2¢ 2 Note {3} 2 2
*f4 (19) to less than 1%/, (38) *he (4.8) 2T 2t when t < %/, (19) 2 [Note (4)] 4
Y4 (19) to less than 1Y/, (38) Y1, (4.8) 27 2T when t 2%, (19) 2 [Note (4)1 4
1%; 128) and over 16 (4.8) 8 (203) [Note (5)] 2t when t < %, (19) 2 [MNote (4}1 4

1Y/, (38) and over 1o (4.8) 8 (203) [Note (5)]

g

203) [Note (5)] when ¢ 2 J.n’_l (19)

2 [Note (4)] 4

NOTES:

(1) See QW-403 (.2, .3, .6, .9, .10), QW-404.32, and QW-407.4 for further limits on range of thickness qualified. Also, see QW-202 (.2, .3, .4) for allowahble exceptions.

(2} For combination of welding procedures, see QW-200.4.

(3) Four side-bend tests may be substituted for the required face- and root-bend tests, when thickness 7 is g in. (10 mm) and over.
(4) See QW-151 (.1, .2, .3) for details on multiple specimens when coupon thicknesses are over 1 in, (25 mm).
(58) For the welding processes of QW-403.7 only; otherwise per Note (1) or 27, or 2¢, whichever is applicable.
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oo Fo ol a S B31 &S 0,5 g5, 7,k 1, B31 5 lailesl 859,, ASA (American Standards Association)
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b ol Jlo cren ;0 g ANSIB31.3 6l e o (>hb sag0>
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Sl 28 adgd slata s ogasee 3 lbiul sl 5 5,5 cadlse ASME Code Piping . olors slgule 25 4
5,5 «l, Chemical Plant and Petroleum Refinery Piping sb cos VAV# Jlo jo 1) ol
b pie ASME Code for Pressure Pipingasas sl ol cos g ols ab s Toasee VAYA Jlo 55 o om JLo ¥
2 JSzs ANSI/JASME B31.3 5 i o lastewl VAA Lo

= =S o3lal g, ol cpl jo a5 ASME B31.3 Process Piping  jlgie cox ai piiie was o5 S5 1448 Jlo o Ll
28,5 8 Sy bl 5 B313 6,05 o3l asly L) v+ &g 1238 o Gla o 4 0 £5,8 Sy e ol

el oo yiiie b3 Olegsge 4o Pressure Piping !, ASME B31 s jlastesl

ASME CODE FOR PRESSURE PIPING, B31

B31.1 Power Piping . T T oo T T T O PP PP PP P TP TP TN : 2001
B31.2! FUEL GAS PAPING 1ovvorreesermesseesereessssssssmeessssssesosessssmiasssnssasessseseessssssssas s sesssss s ssssss oo 1968
B31.3 PrOCESS PIPINE eovevuiireirrmessissicisssisseas e sss st srsnas b st bapsss ot a0 2ot s st 2002
B31.4 Pipelire Transportation Systems for Liquid Hydrocarbons and Other Liquids .............. 1998
B31.5 Refrigeration Piping and Heat Transfer Components ...... S —— 2001
B31.8 Gas Transmission and Distribution Piping Systems .......cccvivinmentroncninnn s 1999
B31.9 Building SErvices PIPING ...ccurveeruererersesiemsnsssssssisren e sen st sases s s sass s s 1996
B31.11 Slurry Transportation Piping Systems .........cceieeverciens S —— 1989 (R1998)

B31G-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 withdrawn as an American National Standard on February 18, 1988, ASME will continue to make available USAS

B31.2-1968 as 2 historical document for a period of time.
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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
IX of the ASME Boiler and Pressure Vessel Code.

ASME B31.4 3L . Jls! byhs s> ouilsd ¥ IS

ASME B31.3 ;I gl aoMs 1¥

cou (Nonmetallic) 305 . oo 3 (Metallic) ;18 oo Piping 5,L,0 B31.3 .coul oo agqs Chapter 4 ;s o lustewl (]
sl 33 7 4 Lgg iy oS (] el 00 (g0 s CALEZOTY i 4 0 il (ol (g0 atiws G (538 Caond 0iSo

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 ol o3 0 a5 il oats i a5 398 sls Category « Scope and Definitions 4 sgius by, a5 Chapter 1 o

fluid service: a general term concerning the application
of a piping system, considering the combination of fluid
properties, operating conditions, and other factors
which establish the basis for design of the piping system.
See Appendix M.

(z) Category D Fluid Service: a fluid service in which
all the following apply:

(i) 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 fluid service in which
the potential for personnel exposure is judged to be
significant and in which a single exposure to a very
small quantity of a toxic fluid, caused by leakage, can
produce serious irreversible harm to persons on breath-
ing or bodily contact, even when prompt restorative
measures are taken

(c) High Pressure Fluid 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 IHigh Pressure
Fluid Service
severe cyclic conditions: conditions applying to specific
piping components or joints in which Sg computed in
accordance with para. 319.4.4 exceeds 0.85, (as defined
in para. 302.3.5), and the equivalent number of cycles
(N in para. 302.3.5) exceeds 7000; or other conditions
which the designer determines will produce an equiva-
lent effect.

300.2 G150 ,0 B31.3 Gilisewe sl Category iy a5 YY S
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Chapter IX
High Pressure Piping

K300 GENERAL STATEMENTS

(a) Applicability. This Chapter pertains to piping des-
ignated by the owner as being in High Pressure Fluid
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 ssgome : Y'Y So

Sl e cend 9 K wigi, L Category High Pressure Piping _Jlas s M wigi L Category M CJlas
el oo auB o lailiwl opl 0 A wigi L (Nonmetallic)
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S5 900, skold Acceptance Criteria (9

High Pressure ;| i L g o 402 4o Acceptance Criteria m

Jso=> ;o Category High Pressure Piping I, Category ase sl 31,50, slls Acceptance Criteria
ouis 0.8 K341.3.2 Jsax> ,o Pressure Piping !, 81,5 50l, sleols Acceptance Criteria Ll .l sasl 341.3.2

(05) Table 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 [Note {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

© 5 o
o o o
o @ a ﬁ 5 W s a E’

E% | 3 5e | § g 5 3 |y
S 5 5 = 2 &8 £ = H = — i = =
s = s 8 g 2 = 8 £ i G o = |5 | &
Es | BE_ | = Eg | E_| = = 2| e g £ |£ 13
=8 | 38 | 2 =g | EE | 2 3 EE | 2 e 218 2

P T = — - = et — - =l
25| 58| % |£: B3|z g8 |%®B2|z |¢§ : |3 |8 |2
[CH1 = i [CI 5= E [T S=) i & Weld Imperfection = o = =
A A A A A A A A A Crack v ' v v
A A A A A A C N/A A Lack of fusion s IV
B A N/A A A N/A C N/A B Incomptlete penctration v v
E £ N/A D D N/A M/A N/A N/A N/A Internal porasity . v

Internal slag inclusion, tungsten
G G N/A F F N/A NfA N/A N/A /A Inclusion, or elongated indication v
H A H A A A | A H H Undercutting 000 v
Surface poresity or exposed slag

A A A A A A A A A A inclusion [Note (5] /s

NfA N/A NfA | ] ] NfA N/A NAA N/A Surface finlsh v

Concave root surface
K K N/A K K N/A K 14 N/A K (suck up) ' '
Weld reinforcement or intemal
L L . L L L L bl M M M proirusion s
GENERAL NOTES:

(a) 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 engineering design.

(b) “N/A” indicates the Code does not establish acceptance criteria or does not require evaluation of this kind of imperfection for this type of
weld.

(c) Check (v} indicates examination method generally used for evaluating this kind of weld Iimperfection.
(d) Ellipsis {.. ) indicates examination method not generally used for evaluating this kind of weld imperfection.

= e T=

00,53 (Gloumg o Billas ldisz 5o Cgee pdy slme s YT USE




ﬁg o)ldéll.wl ‘5\»)5&] 893>

0%) Criterion Value Notes for Table 341.3,2
Lriterion
Symbaol Measure Acceptable Value Limits [Note (6)]
A Extent of imperfection Zero (no evident imperfection)
B Depth of incomplete penetration <1 mm (%, in) and < 0.2?,,
Cumulative length of Incomplate penatration <38 mm (1.5 in)} in any 150 mm (6 in) weld length
C Depth of lack of fusion and incomplete penetration 20.27,
Cumutative length of tack of fusion and incomptete < 38 mm (1.5 In.) in any 150 mm (6 in.) weld length
penetration [Note (7)]
] Size and distribution of internal porosity See BPV Code, Section VIIl, Division 1, Appendix 4
E Size and distribution of internal porosity For fw < 6 mm (% in), limit is same as D
For Ty > 6 mm {4 in), limit is 1,5 x D
F Slag inclusion, tungsten inclusion, or elongated indication _
Individual length <Tef3 _
Individual width < 2.5 mm (%, in) and £ T,./3
Cumulative length < Ty in any 12T, weld length
G Slag inclusion, tungsten inclusion, or elongated indication _
Individual length <2y -
Individual width o o=3amm(Yin)and< T, /2
Cumulative tength = 4Ty in any 150 mm (6 in.) weld length
H Depth of undercut <1mm%;in) and < T, /4
I Depth of undereut ' < 1.5 mm (Y, in) and < [Tw/4 or 1 mm (44, in)]
] Susface roughness < 500 min. Ra per ASME B46.1
K Depth of root surface concavity Total jeint thickness, incl, weld reinf, = T,
L Height of reinforcement or internal protrusion [Note (8)] in For T, mm (in) Height, mm (in.}
any plane through the weld shall be within limits of —1—“_ -
the applicable height value in the tabulation at right, <6 (1/0 ) <15 (Y
except as provided in Note (9). Weld metal shall merge o6 {/;4)» =13 {\4) <3 (A
smoothly into the component surfaces, >13 (1A, £ 25 (1) <4 (34;)
»25 (1) %5 Cha
M Height of reinforcement or Intemal protrusion [Note (8)] Limit is twice the value applicable for L above

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

Notes follow on next page

NOTES:

{1} Criteria given are for required examination. More swingent criteria may be specified in the engineering design. See also
paras. 341.5 and 341.5.3,

(2} Longitudinal groove weld includes straight and spiral seam. Criteria are not intended to apply to weids made in
accordance with a standard listed in Table A-1 or Table 326.1. Alternative Leak Test requires examination of these
welds; sae para. 345.9,

(3) Fillet weld includes socket and seal welds, and attachment welds for slip-on flanges, branch reinforcement, and
supports. '

(4) Branch connection weld includes pressure containing welds In branches and fabricated laps.

(5) These imperfections are evaluated oniy for welds < 5 mm (G4 inJ) in nominai thickness.

(6) Where two limiting values are separatad by “and,” the lesser of the values determines acceptance, Where two sets of
values are separated by “or,” the larger value is acceptable. T, is the nominal wall thickness of the thinner of two
components joined by & but weld.

{7) Tightly butted unfused root faces are unacceptable.

(8) For groove welds, height is the lesser of the measurements made from the surfaces of the adjacent compenents; both
reinforcement and Internal protrusion are permitted i a weld. For fillet welds, height is measured from the theoretical
throat, Fig. 328.5.24; internal protrusion does not apply.

(%) For welds in aluminum alloy only, internal protrusion shall not exceed the foilowing values:

{a) for thickness < 2 mm (s inJ: 1.5 mm (Ve ind;
{E} for thickness > 2 mm and < 6 mm {4 in): 2.5 mm G4 in).
For external reinforcement and for greater thicknesses, see the tabulation for Symbol L.

(aabl) 05 155 slimuss o llae s 53 ogee Gy Jne : TOUSS
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Table K341.3.2 Acceptance Criteria for Welds
Criteria (A-E) for Types of Welds, and for Required
Examination Methods [Note (1)]
Type of Weld
L Lengitudinal Branch
Type of 160% Girth Groove Fitlet Connection
Imperfection Visual Radiography Groove [Note (2] [Note (3)1 [Note (4)]
Crack X X A A A A
Lack of fusion X A A A A A
incomplete penetration X X A A A A
Internal porosity T X B B NA B
Slag inclusion or elongated indication e X (" C MNA C
Undercutting X X A A A A
Surface porosity or exposed slag inclusion X A A A A
Concave root surface (suck-up) X X o] D NA b
Surface finish X 60 E E E E
Reinforcement or infernal 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

Symbol Measure Acceptable Value Limits [Nete (5)]

A Extent of imperfection Zero (no evident imperfection)

B Size and distribution of internal poresity See BPY Code, Section VIII, Division 1, Appendix 4

C Slag inclusion or elongated indication _

Individual length <T,f4and< 4 mm (A2 in)
Individual width STy /4 and < 2.5 mm (4 in)
Cumulative length <7, inany 12 T, weld iength

b Depth of surface concavity Total joint thickness including weld refnforcement,

= Tw

E Surface roughness ' : <12.5 wm R, (500 pin. R, per ASME B46.1)

F Height of reinforcement or intermnal protrusion [Note (5)] Wall Thickness External Weld Reinforcement
in any plane through the weld shall be within the T mm (in.) or Internal Weld Protrusion
limits of the applicable height value in the tabuia- 1 "
tion at the right. Weld metal shall be fused with and $13 (/) 1.5 (/o)
merge smoothly into the component surfaces. >13 (/) and < 51 () 3 Ch)

» 51 4 Ch)

MOTES:

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

(2) longituginal welds include only those permitted in paras. K302.3.4 and K305, The radiographic criteria shall be met by
all welds, including those made in accordance with a standard listed in Table K326.1 or in Appendix K.

{3) Fillet welds inciude only those permitted in para. 311.2.5(b).

(&) Branch connection welds include only those permitted in para. X328.5.4. _

(5) Where two limiting values are given, the lesser measured value govems acceptance. T, is the nominal walt thickness of
the thinner of two companents joined by a butt weld.

(6) For groove walds, height is the lesser of the measurements made from the surfaces of the adjacent compenents. For fit-
let welds, height is measured from the thearetical throat; internal protrusion does not apply. Required thickness ¢,
shall not include reinforcement or internal protrusion.

High Pressure Piping g, ;0 e Gipd jlae: Y8 S
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ASME Sec VIII ,o WQT s WPS 3t

ASME bl cawsloe WQT @l ,50 845 UW-29 gillas s WPS &, a0 445 UW-28 gillas jlid cov )5l o

D¢ angs Sec. IX

Sl b saijle 5 sl oo gy ASME Sec. IX gillae WPS a5 0iS logy jlabsl 0l (36 UW-47 G131 L sllas

S &l eysl 4 ASME Sec. IX Lyl,s cole, » s

API 650 (2003) bl ys sl 05053 3350 ;0 WQT 3 WPS 3%
5 plos] Cemslia ASE Sec. IX ululy Sgn s Ll 7.3.1 G1L1L 3 WPS &l jie 7.2.1.1 GLSLL gllae

API 620 (2004) ,o WQT 5 WPS 3t
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B31.3 ;s Pressure Piping w9 mw 3l i Gows g o 3551 510 WQT g WPS m
ASME SeclX gllae canslis oads blod G151 cpl o a5 bl ojlge j50 WQT § WPS 245 328.2.1 G154 llae

D¢ angs B31.3 o laslen! sl

328.2.1 Qualification Requirements

{a) Qualification of the welding procedures to be used
and cf the pexformance of welders and welding opera-
tors shall conform to the requircments of the BI'V Code,

Section X 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 hase metal, within b deg.

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

(d) When impact testing is required by the Code or
the engineering design, those requitements shall be met
in gualifying welding procedures.

(e} Tf consumable inserts [Ilg. 328.3.2 sketch (d), (e),
(), ar (g)] or their integrally machined equivalents, or

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

{f) To reduce the number of welding procedure quali-
ficalions required, P-Numbers or S-Numbers, and
Group Numbers are assigned, in the BPV Codc, Section
IX, to groupings of metals generally based on composi-
tion, weldahility, and mechanical properties, 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 /(2B-
422, for Group Numbers for respective P-Numbers and
§-Numbers. Use of Scction IX, QW-420.2, is required for
this Code.
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B31.3 ,s Pressure Piping w9 sl WQT s WPS m
ASME SecIX ol K328.2 Gl 51,0 sl WQT 3 WPS i el High Pressure Piping Lo g aSils; sl
oals 0,8 328.2.1 GIF1L o a8 Sblaiwl 4 cod blawl (ol ool 0 8 K328.2.1 GBI 51,6 0 a5 (59,l50 (sliinl 4 ol

254 sl Impact Test wb > LWPS das gl 0 2 ls sl
258 bl WPS s onds 08 39,580 e b 5 JU e loa L PQR s b o> WWPS a6l ©
3 GiSe ol 0o Qualify 1, Plate & by o WPS G b g (59, » oot ags PQR s ©

oK s> &en s, Mechanical s slxil ©

(Interpretation-17-10) .55 alxl Impact Test wb bu> WWQT des sl ©

Interpretation: 17-27

Date Issued: Now_amber 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, pa'ra. K328.2.1(a), must the performance
qualification test coupons for each welder and welding operator be impact tested?

Interpretation of B31.3 (o, Sas> den sl a0 s 5L YA S

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 BPY Code, Section IX,
except as modified hercin.

{a) Impact tests shall be performed for all procedure
qualifications in accordance with para. K3233.

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

same specification and classification of filler metal(s) as
will be used in production welding.

(c) lest weldments shall be subjected to essentially
the same heat freatment, including cooling rale and
cumulative time at temperature, as the production
welds.

(04)

(d) When tensile specimens are required by Section
IX, the yield strength shall also be determined, using the
method required for the base metal The yield strength of
each test specimen shall be not less than the specified
mirdmum yield sirength at room temperature (Sy) for
the base metais joined, Where two base metals having
different 5y values are joined by welding, the yicld
strength of cach test specimen shatl be not less than the
lower of the two 5y values.

{e) Mechanical testing is required for all performance
qualification tests.

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

(¢) Forthickness greater than 51 mm (21in.), the proce-
dure test coupen shall be at lcast 75% as thick as the
thickest juint to be welded in production.

(k) Paragraph 328.2.1(f} applies.

Pressure Piping ,s oblis! g PQR g WPS consg: YA S
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ol 590 WPS 5l solaw! (A

Pressure Piping ;oo Low g pw 402 gl o 5550 WPS 5l colaw! m
S Eo ASME B31.3 Para. 328.2.2 4 &b oS ooliiwl (5,508 859 ’WPS)‘I o2l 4SS g0 50

328.2.2 Procedure Qualification by Others. Hach
employer is responsible for qualifying any welding pro-
cedure 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.

(a) 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 employer has not made any change in the
welding procedure

{(b) The base material P-Number is either 1, 3, 4 Gr.
No. 1 (1% Cr max.), or 8; and impact testing is not
required.

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

(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
temperature; and the design temperature is in the range
=29°C to 399°C (-20°F to 750°F), inclusive.

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

(g) Welding electrodes for the SMAW process are

selected from the following classifications.

AWS A5.1 AWS As4! AWS A55!
E5010 E308-15, -16 E7010-A1
E6011 E308L-15, -16 E7018-A1
E7015 E309-15, -16 E8016-B1
E7016 E310-15, -16 E8018-B1
E7018 E-16-8-2-15, -16 E8015-B2L

E316-15, -16 EB016-B2
E316L-15, -16 E8018-B2
E347-15, -16 E8018-B2L

(h) By signature, the employer accepts responsibility
for hoth the WPS and the procedure qualification record
(PQR). _

(1) The employer has at least one currently employed
welder or welding operator who, while in his employ,
has satisfactorily passed a performance qualification test
using the procedure and the P-Number material speci-
fied in the WPS. The performance bend test required
by Section IX, QW-302 shall be used for this purpose.
Qualification by radiography is not acceptable.

ASME B31.3 Para. 328.2.2 5L o), %os WPS jlaslical Ll :f+ JS

s 032m0 PQR @ 55 ol 185 55 dal i a5 gm0 )L, K08 WPS jlsolau] & g0 50

505 LS a,8 e g 0l P-N0.8 L P-No. 1&2&3 & Gr-No.1 Lis U e
5l Sy 09d oo e o8 4 aS (gl askd g3 P-No. oy sl Similar SLls oo WPS s Jlas!
A5l W PWHT e asl 19mm 51 s« culses
sl ol Kl 4>,0 399 1 -20 o b sles 5 wils i 300 psi jl o)L Les
B16.5 PN 50

25 ool SMAW ds s sl 2w ol j 00 S5 (loog 2SIl 5l Lais

sl

O
4
a
(f
(™

b alb

PN=Pressure Nominal)
gl oS 5 L GTAW L SMAW (¢ Kig> 3, (¢

4
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Preheat 4

HLid i (3 53 0,8 i T
el o b 59 ool (6 S92 Caamlons 45 loo JSlu ASME Sec VIIT Div. 1 s uitil o UW-30 G151, bl ,

UW-30 LOWEST PERMISSIBLE
TEMPERATURES FOR WELDING

[t is recommended that no welding of any kind be
done when the temperature of the base metal is lower
than O°F {(—18°C). At temperatures between 32°F (0°C)
and 0°F (—=18°CY), the surface of all areas within 3 in.
(76 mm) of the point where a weld is to be started
should be heated to a temperature at least warm to
the hand [estimated to be above 60°F (16°C)] before
welding 1s started. It 1s recommended also that no
welding be done when surfaces are wet or covered
with ice, when snow is falling on the surfaces to be
welded, or during periods of high wind, unless the
welders or welding operators and the work are properly
protected.
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APPENDIX R
PREHEATING

INTRODUCTION

Preheating may be employed during welding to assist
in completion of the welded joint. The need for and
temperature of preheat are dependent on a number of
factors, such as the chemical analysis, degree of restraint
of the parts being joined, elevated physical properties,
and heavy thicknesses. Mandatory rules for preheating
are, therefore, not given in this Division except as
required in the footnotes that provide for exemptions
to postweld heat treatment in Tables UCS-56 and UHA-
32. Some practices used for preheating are given below
as a general guide for the materials listed by P-Numbers
in Section IX. It is cautioned that the preheating tempera-
tures listed below do not necessarily insure satisfactory
completion of the welded joint and requirements for
individual materials within the P-Number listing may
have preheating more or less restrictive than this general
guide. The procedure specification for the material being
welded specifies the minimum preheating requirements
under Section IX weld procedure qualification require-
ments.

The heat of welding may assist in maintaining preheat
temperatures after the start of welding and for inspection
purposes, temperature checks can be made near the
weld. The method or extent of application of preheat
is not therefore, specifically given. Normally when
materials of two different P-Number groups are joined
by welding, the preheat used will be that of the material
with the higher preheat specified on the procedure
specified on the procedure specification.

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

fa) 175°F (79°C) for material which has both a
specified maximum carbon content in excess of 0.30%
and a thickness at the joint in excess of 1 in. (25 mm):

(b) 50°F (10°C) for all other materials in this P-
Number.

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

fa) 175°F (79°C) for material which has either a
specified minimum tensile strength in excess of 70,000
psi (480 MPa) or a thickness at the joint in excess of
\8 m. (16 mm):

(b) 50°F (10°C) for all other materials in this P-
Number.

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

fa) 250°F (121°C) for material which has either a
specified minimum tensile strength in excess of 60,000
psi (410 MPa) or a thickness at the joint in excess of
1.-"'3 . (13 mm):

(b) S0°F (10°C) for all other materials in this P-
Number.

R-4 P-NOS. 5A AND 5B GROUP NO. 1

fa) 400°F (204°C) for material which has either a
specified minimum tensile strength in excess of 60,000
psi (410 MPa), or has both a specified minimum
chromium content above 6.0% and a thickness at the
joint in excess of % in. (13 mm):

(b) 300°F (149°C) for all other materials in these
P-Numbers.

R-5 P-NO. 6 GROUP NOS. 1, 2, AND 3
400°F (204°C)

R-6 P-NO. 7 GROUP NOS. 1 AND 2
Nomne

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

ASME Sec VIII Div.1 Appendix R Geb oy 6, Kae> sl Preheat (fY S
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R-8 APPENDIX R — NONMANDATORY

R-8 P-NO. 9 GROUPS

250°F (121°C) for P-No. 9A Group No. 1 materials
300°F (149°C) for P-No. 9B Group No. 1 materials

R-9 P-NO. 10 GROUP

175°F (79°C) for P-No. 10A Group No. 1 materials

250°F (121°C) for P-No. 10B Group No. 2 materials

175°F (79°C) for P-No. 10C Group No. 3 materials

250°F (121°C) for P-No. 10F Group No. 6 materials

For P-No. 10C Group No. 3 materials, preheat is
neither required nor prohibited, and consideration shall
be given to the limitation of interpass temperature for
various thicknesses to avoid detrimental effects on the
mechanical properties of heat treated material.

For P-No. 10D Group No. 4 and P-No. 10E Group No.
5 materials, 300°F (149°C) with interpass temperature

maintained between 350°F and 450°F
232°0)

R-10 P-NO. 11 GROUP

(a) P-No. 114 Group
Group No. 1 — None (see Note)
Group No. 2 — Same as for P-No.
Group No. 3 — Same as for P-No.
Group No. 4 — 250°F (121°C)

(b) P-No. 11B Group
Group No. 1 — Same as for P-No.
Group No. 2 — Same as for P-No.
Group No. 3 — Same as for P-No.
Group No. 4 — Same as for P-No.
Group No. 5 — Same as for P-No.
Group No. 6 — Same as for P-No.
Group No. 7 — Same as for P-No.

R-10

(177°C and

5 (see Note)
5 (see Note)

3 (see Note)
3 (see Note)
3 (see Note)
3 (see Note)
3 (see Note)
5 (see Note)
5 (see Note)

NOTE: Consideration shall be given to the limitation of mnterpass
temperature for various thicknesses to avoid detrimental effects on

the mechanical properties of heat treated matenals.

(aslsl) ASME Sec VIII Div.1 Appendix R &b ;e o Ki4> sl Preheat :fv s
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Piping s p,5 iy 1
159 ax>l 0 ASME B31.3 , Table 330.1.1 4 oL Preheat sl o jaseie <l piping o
Table 330.1.1 Preheat Temperatures
Base :
Specified Min.
Metal Weld Metal . i
P-N‘:) aor :; alys?sa Neminal Watl Tensile Strength, Min. Temperature
S-N-o. A-No. Thickness Base Metal Required Recommended
[Note (1] [Note (2)] Base Metal Group mm in. MPa ksi °C °F oC oF
1 1 Carbon steel <25 <1 <430 571 . e 10 50
=25 =1 All All 79 175
All All > 450 >71 e 900 79 175
3 2, 11 Alloy steels, <13 <1 < 450 <71 oo 0oC 10 50
Cr<th% =13 =Y All All 79 175
All All > 490 > 71 Ho0 e 79 175
4 3 Alioy steels, All All All All 149 300 ces ces
1/2% < r=2%
5A, 5B, 4,5 Alloy steels, Al All All All 177 350
5C 4% < Or < 10%
6 6 High alloy steels All Al All Al ... s 149%  300*
martensitic
7 7 High alloy steels All All All All .. L 10 50
ferritic
a 8 ¢ High allay steels All All All All - e 10 50
austenitic
9A, 9B 10 Nickel alloy steels All All All All e . 93 200
10 - Cr—Cu steel All All All All 149=204  300-400 - o
101 noo 27Cr steel All All All All 1457 300°
11A8G1 ... 8Ni, 5Nj steet All All All Al AO0 v 10 50
114562 ... 5Ni steel Al All All All 10 50
21-52 - e Al All All All v S8 10 50
MNOTES:
(1) P-Mumber or S-Number from BPV Code, Section IX, QW/QB-422.
(2) A-Number from Section IX, QW-442.
(3) Maintain interpass temperature between 177°C-232°C (350°F-450°F).
(%) Maximum interpass temperature 316°C {600°F).

B31.3 &L Preheat slo: ff S
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Table 331.1.1 Requirements for Heat Treatment

Base Specified Min. Helding Time
Metal  Weld Metal . Ul Brinell
P-No. Analysis Nominal Wall Strength, Nominal Wall Min.  Hardness
or SNo. ANumber Thickness Base Metal Metal Temperature Range [Note (3)] Time, Max. !
[Note {1)] [Note (2)] Base Metal Group mm in. MPa ksi °C °F min/mm  hrfin. hr [Mote (4)]
1 1 Carbon steel =19 <y, All All None None . . ..
>19 >3 All All 593-649 1100-1200 2.4 1 1
3 2,11 Alloy steels, <19 <%  £43%0 <71 None None e ... . .
Crs Y% >19 P All All 593-718 1100-1325 2.4 1 1 225
All Al > 430 >71 593-718 1100-1325 2.4 1 1 225
4 [Note (5)] 3 Alloy steels, <13 <t < 490 <71 None None o .. . o
Y% < Cr £ 2% >13 >4 All All 704-746 1300-1375 2.4 1 2 225
All All =490 > 71 704~746 1300-1375 2.4 1 2 225
5A, 58, 5¢C 4,5 Alloy steels (2%4,% = Cr £ 10%)
[Note (5] < 3% Crand £ 0.15% C <13 < All All None Nona . . - e
= 3% Crand £ 0.15% C >13 > All All 704-760 1300-1400 2.4 1 2 241
> 3% Cror > 0.15% C All All All All 704-760 13001400 2.4 1 2 241
6 6 High alloy steels martensitic All All All Al 732-788 1350-1450 2.4 1 2 241
A 240 Gr. 420 Al All All All 621-663 1150-1225 2.4 1 2 241
7 7 High alloy steels ferritic All All All All None None ..
8 B, 9 High alloy steels austenitic All Al Al Al None None e
9A, 9B 10 Nickel alloy steels <19 <Y All All Nohe None s s .
> 19 =Y, All All 593-635 1100-1175 1.2 A 1
10 el €r—Cu steel All All All All 760-816 1400-1500 1.2 PA 4
[Note (6)] [Note {6)]
Table 331.1.1 Requirements for Heat Treatment (Cont’d)
e Spe.ll:'g::(]ileMin. Holding Time
_ Brinell
’:"Ntal LR a et Nomiral Wall Strength, Nominal Wall i Te
-No. Analysis ickn Base Metal Mezal T oA MNote (3)] Min.  Hardness,
of S-No. A-Number Thickness ase Meta emperature Range Time, Max.
[Note (1)]  [Note (2)] Base Metal Group mm i MPa ksi °C °F minfmm__ hrfin.  hr Note (4)]
10H . Duplex stainless steel All All All All Note (7) Note (7) 1.2 Y P
104 Y 27Cr steel All All All All 663-704 1225-1300 2.4 1 1
[Note (8)] [Note (8)]
11A5G 1 aoa 8Mi, 9Ni steal %51 =2 All All None None Qoo oo Doo
> 51 =2 All All £h2-585 1025-1085 2.4 1 1
[Mate (9] [Note (5}]
11A 5G 2 . 5Ni steel > 51 =2 All All 552-585 1025-1085 T4 1 1
[Nate (9)] [Note (9)]
62 000 2r R60705 All All All All 538-593 1000-1100 Note {10) Note (10) 1
[Mote (10)] [Note (10)]
NOTES:

(1) P-Number or 5-Number from BPV Code, Section IX, QW/QB-472.
(2) A-Number from Section IX, QW-442.
(3) For holding fime in SI metric units, use min/mm (minutes per mm thickness). For U.5. units, use hefin. thickness.
(%) 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 any heat treatment applied shall be as reguired in the
materiat specification.
(8) Cooling rate to 648°C (1200°F) shall be iess than 56°C (200°F)/hr; thereafler, 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 14 hr For each 25 mm {1 in.) over 25 mm
thickness. Cool to 427°C (800°F) at a rate £ 278°C (500°F) fhr, per 25 mm (1 in) nominal thickness, 278°C (500°0)/
hr max. Cool in still air from 427°C (800°M).

ASME B31.3 Para. 331.1.3 &b 4y s, SKae> sl Preheat :fo <o
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Requirements «, Recommendations ,.x m

O 5o a5 olorinn o5 i sleo ASME B31.3 Para. 330.1.1 3.b «(ao ) o lop j0 (6, Sis> oK
D5 Jlasl Wb o5 o sled im 0giue Jie Requirements giw 4 o)l 1,8 Recommendations

330.1.1 Requirements and  Recommendations.
Reguired and recommended minimum preheat temper-
atures for materials of various P-Numbers are given in
Table 330.1.1. If the ambient temperature is below 0°C
(32°F), 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.
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PWHT (Post Weld Heat Treatment) (\

,l.d'.é (W 1) u)bu ‘_.;‘).3 PWHT 3:}

s HLid o e o by iad Oldes 800uS i Jule ¥
UW2 5las) ;350 gy ()
(UCS 56 @llas) ;5o Jb e i ol o calses (¥

‘g =)
gioe Mandatory « PWHT cllae cabl saiiS olge sl gy 45:590,0 ASME Sec VIII Div.l UW2 .l
UW-2 SERVICE RESTRICTIONS

(@) When vessels are to contain lethal' substances.
either liquid or gaseous. all butt 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 treated. When a vessel
00 g Sol> (e 2105 i 9,90 ;0 ASME Sec VIII Div.l UW2 Jaallygiws :FY S
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P-No. 1 Gr- lp Jio joha .ol oas asein 2igs PWHT canglos 8 olgtabins dilise Jb yio sl UCS 56 b
5 5eS 532mm 5l i Cwlks gl 505l plal ols) (2id Wb ol 38mm ) i cwlks a5 0,0 NO. 1&2&3
2 (b) BI31L slas .o PWHT 4 55 sl oo Jloel 93°C sloo b p 5 i Sldoe (5, Kig> pl5on azli> 38mm
UCS-56 Jsla> Note

el 00 5o UCS-56 slodgas ;o calises sledl sio sl (6,055 oyley e g oo ¢ Canlbes 30900

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

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thickness [See UW-40(f)]
Temperature,
°F (°C}), Mini- Upto 2 in. Qver 2 in. to 5 in. QOver 5 in.
Material mum (51 mm) (51 mm to 127 mm) (127 mm)
P-No. 1 1100 (593) 1 he/in. (25 mm), 2 hr plus 15 min for 2 hr plus 15 min
Gr. Nos. 1, 2, 3 15 min minimum each additional Inch for each addl-
(25 mm) over 2 In. tlonal Inch (25
(51 mm) mm) over 2 In.
(51 mm)
Gr. No. 4 NA Mone None None

NOTES:
(1) When It Is Impractlcal to postweld heat treat at the temperature specified In this Table, It 1s permissible to carry out the postweld heat
treatment at lower temperatures for longer perlods of time In accordance with Table UC5-56.1.
(2) Postweld heat treatment Is mandatory under the following conditlons:
(a) for welded Jolnts over 1% In. (38 mm) nominal thickness;
(b) for welded Joints over 1%, In. (32 mm) nominal thickness through 1% In. (38 mm) nominal thickness unless preheat Is applled at a
minimum temperature of 200°F (93°C) durlng welding;
(c) for welded JoInts of all thicknesses If required by UW-2, except postweld heat treatment Is not mandatory under the conditions
specifled below:

(1) for groove welds not over %% In. (13 mm) slze and flllet welds with a throat not over %% In. (13 mm) that attach nozzle connectlons
that have a finished Inside diameter not greater than 2 In. (51 mm), provided the connectlons do not form llgaments that require
an Increase In shell or head thickness, and preheat to a minimum temperature of 200°F (93°C) Is applled;

(2) for groove welds not over Y% In. (13 mm) In size or fillet welds with a throat thickness of 24 In. (12 mm) or less that attach tubes
to a tubesheet when the tube dlameter does not exceed 2 In. (51 mm). A preheat of 200°F (93°C) minimum must be applied when
the carbon content of the tubesheet exceeds 0.22%.

(3) for groove welds not over ¥4 In. (13 mm) In slize or fillet welds with a throat thickness of ¥4 In. (13 mm) or less used for attaching
nonpressure parts to pressure parts provided preheat to a minimum temperature of 200°F (23°C) Is applied when the thickness
of the pressure part exceeds 1% In. (32 mm);

(4) for studs welded to pressure parts provided preheat to a minimum temperature of 200°F (93°C) Is applied when the thickness of
the pressure part exceeds 1% In. (32 mm);

{5) for corroslon reslstant weld metal overlay cladding or for welds attaching corroslon resistant applled lining (see UCL-34) provided
preheat to a minimum temperature of 200°F (93°C) Is malntalned during application of the first layer when the thickness of the
pressure part exceeds 1% In. (32 mm).

NA = not applicable

UCS-56 Jgloz b calises JU o jLs 0550 olo; 25 :FA IS
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TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thickness [See UW-40(f)]
Temperature,
°F (°C), Up to 2 in. Over 2 in. to 5 in. Over 5 in.
Material Minimum (51 mm) (51 mm to 127 mm) (127 mm)
P-No. 4 1100 (593) 1 hr/ln. (25 mm), 1 hr/In. (25 mm) 5 hr plus 15 min
Gr. Nos. 1, 2 15 min minimum for each

addltional Inch
(25 mm) over
5 In. {127 mm)

NOTES:
(1) Except for exemptions In Note (2), postweld heat treatment Is mandatory under the following conditions:
(a) onmaterlal of SA-202 Grades A and B over 3% In. (16 mm) nominal thickness. For these materials postweld heat treatment Is mandatory
up to and Including 3% In. (16 mm) nominal thickness unless a welding procedure qualification described In UCS-56(a) has been made
In equal or greater thickness than the production weld.
(b) on material of all thicknesses If required by UW-2
(c) on all other P-No. 4 Gr. Nos. 1 and 2 materlals.
(2) Postweld heat treatment IS not mandatory under the conditlons specifled below:
(a) for clrcumferential butt welds In plpe or tube of P-No. 4 materlals where the pipe or tubes comply with all of the following condltlons:
(1) a maximum nominal outslde diameter of 4 In. (DN 100);
(2) a maximum nominal thickness of %4 In. (16 mm);
(3) a maximum specifled carbon content of not more than 0.15% (SA materlal specification carbon content, except when further
Iimited by the purchaser to a value within the specification llmits);
(4) a minimum preheat of 250°F (121°C).
(b) for P-No. 4 plpe or tube materials meeting the requirements of (2)(a)(1), (2)(a)(2), and (2)(a)(3) above, having nonpressure attachments
fillet welded to them provided:
(1) the fillet welds have a maximum throat thickness of % In. (13 mm);
(23 a minimum preheat temperature of 250°F (121°C) Is applied.
(c) for P-No. 4 plpe or tube materlals meeting the requirements of (2)(a)(1), (2)(a)(2), and (2)(a)(3) above, having studs welded to them,
a minimum preheat temperature of 250°F (121°C) Is applled.

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

Nermal Holding
Temperature,

°F (°C), Minimum Holding Time at Mormal Temperature
Material Minimum for Nominal Thickness [See UW-40(f)]
P-No. 94 Gr. No. 1 1100 (593) 1 hr minimum, plus 15 min/in. (25 mm) for

thickness aver 1 In. (25 mm)

NOTES:

(1) When It Is Impractical to postweld heat treat at the temperature specified In this Table, It Is permissible to carry out the postweld heat
treatment at lower temperatures [1000°F (538°C) minimuml for longer perfods of time In accordance with Table UCS-56.1.

(2) Except for exemptions In Note (3), postweld heat treatment Is mandatory under the following condltlons:

(a) on materlal over % In. (16 mm) nominal thickness. For materlal up to and Including % In. (16 mm) nominal thickness, postweld heat
treatment s mandatory unless a welding procedure gualification described In UCS-5&(a) has been made In equal or greater thickness
than the production weld.

(b) on materlal of all thicknesses If required by UW-2.

Postweld heat treatment Is not mandatory under conditions specifled below:

(a) for clrcumferentlial butt welds In plpe or tubes where the pipe or tubes comply with all the followlng conditions:

(1) a maximum nominal outside diameter of 4 In. (DN 100);
(2) a maximum thickness of Y In. (13 mm);
(3) a maximum specifled carbon content of not maore than 0.15% (SA materlal specification carbon content, except when further
lImlted by the purchaser to a value within the specification limits);
(4) a minimum preheat of 250°F (121°C).
(b) for pipe or tube materials meeting the requirements of (3)(a)(1), (3)(a)(2), and (3){a)(3) above, having attachments fillet welded to
them, provided:
(1) the flllet welds have a throat thickness of % In. (13 mm) or less;
(2) the material Is preheated to 250°F (121°C) minimum. A lower preheating temperature may be used provided specifically controlled
procedures necessary to produce sound welded Joints are used. Such procedures shall Include but shall not be limlted to the following:
(a) The throat thickness of flllet welds shall be Y4 In. (13 mm) or less.
(h) The maximum continuous length of fillet welds shall be not over 4 In. (102 mm).
(c) The thickness of the test plate used In making the welding procedure quallfication of Section IX shall not be less than that
of the material to he welded.

(c) for attaching nonpressure parts to pressure parts with groove welds not over Y4 In. (13 mm) In size or flllet welds that have a throat
thickness of ¥ In. (13 mm) or less, provided preheat to a minimum temperature of 200°F (93°C) Is applled;

(d) for studs welded to pressure parts provided preheat to a minimum temperature of 200°F (93°C) Is applled;

(e) for corroslon resistant weld metal overlay cladding or for welds attaching corroslon resistant applied lining (see UCL-24) provided
preheat to a minimum temperature of 200°F (93°C) Is malntained during application of the first layer.

When the heating rate Is less than 50°F (28°C)/hr between 800°F (427°C) and the holding temperature, the additional 15 min/ln. (25 mm)

holding time Is not required. Additlonally, where the manufacturer can provide evidence that the minlmum temperature has been achleved

throughout the thickness, the additional 15 min/in. (25 mm) holding time 1s not required.
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TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND LOW ALLOY STEELS (CONT'D)

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thickness [See UW-40(f)]
Temperature,
°F (°C), Upto 2 in. Over 2 in. to 5 in. Over 5 in.
Material Minimum (51 mm) (51 mm to 127 mm) (127 mm)
P-Nos. 54, 5B Gr. No. 1, 1250 1 hr/In. 25 mm), 1 hr/in. (25 mm) 5 hr plus 15 min
and 5C Gr. No. 1 (677) 15 min minimum for each
additional
. Inch (25 mmy
over 5 1n.
(127 mm)
P-No. 5B 1300
Gr. No. 2 (704)

NOTES:

(1) Except for exemptions In Note (2), postweld heat treatment Is mandatory under all conditions.

(2) Postweld heat treatment Is not mandatory under the followlng conditions:

(a) for clrcumferential butt welds In pipe or tube where the plpe or tubes comply with all of the following conditions:

(1) a maximum specifled chromium content of 3.00%;

(2) a maximum nominal outside dlameter of 4 In. (DN 100);

(2) a maximum nominal thickness of 3 In. (16 mm);

(4) a maximum specifled carbon content of not more than 0.15% (SA materlal specificatlon carbon content, except when further
[Imlted by the purchaser to a value within the specification limits);

(5) a minimum preheat of 300°F (149°C) Is applled.

for plpe or tube materlals meeting the requirements of (2)(a)(1), (2)(a)(2), (2)(a)(3), and (2)(a)(4) having nonpressure attachments

fillet welded to them provided:

(1) the flllet welds have a maximum throat thickness of %4 In. (13 mm);

(2) a minimum preheat temperature of 300°F (149°C) Is applied.

(c) for plpe or tube materlals meeting the requirements of (2)(a)(1), (2)(a)(2), (2)(a)(3), and (2)(a)(4) having studs welded to them
provided a minimum preheat temperature of 300%F (149°C) Is applled.

(3) When It Is Impractical to postweld heat P-Nos. 54, 5B Gr. No. 1, and 5C Gr. No. 1 materials at the temperature specifled In this Table,
It Is permissible to perform the postweld heat treatment at 1200°F (649°C) minimum provided that, for material up to 2 In. (51 mm)
nominal thickness, the holding time Is Increased to the greater of 4 hr minimum or 4 hr/In. (25 mm) of thickness; for thickness over 2 In.
(51 mm), the specified holding times are multiplled by 4. The requirements of UCS-85 must be accommodated In this reduction In postweld
heat treatment.

(b

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

Minimum Holding Time at Mormal Temperature

Normal Holding for Nominal Thickness [See UW-40(f)]
Temperature,
°F (°C), Up to 2 in. Qver 2 in. to 5 in. Over 5 in.
Material Minimum (51 mm) (51 mm to 127 mm) (127 mm)
P-No. 3 1100 (593) 1 hr/In. (25 mm), 2 hr plus 15 min for 2 hr plus 15 min
Gr. Nos. 1,2, 3 15 min minimum each additional Inch for each
(25 mm) over 2 In. additional Inch
(51 mm) (25 mm) over

2 In. (51 mm3

NOTES:

(1) When It 1s Impractical to postweld heat treat at the temperatures specified In this Table, It Is permissible to carry out the postweld heat
treatment at lower temperatures for longer perlods of time In accordance with Table UCS-56.1.

(2) Postweld heat treatment Is mandatory on P-No. 3 Gr. No. 3 materlal In all thicknesses.

(3) Except for the exemptlons In Note (4), postweld heat treatment Is mandatory under the followlng conditlons:

{a) on P-No. 3 Gr. No. 1 and P-No. 3 Gr. No. 2 over % In. (16 mm) nomlinal thickness. For these materlals, postweld heat treatment 15
mandatory on materlal up to and Including 3; In. (16 mm) nominal thickness unless a welding procedure quallfication described In
UCS-56(a) has been made In equal or greater thickness than the productlon weld.

(b) on material In all thicknesses If required by UW-2.

(4) For welding connectlons and attachments to pressure parts, postweld heat treatment 1s not mandatory under the conditions specifled below:

(a) for attaching to pressure parts that have a speclfied maximum carbon content of not more than 0.25% (SA materlal specification

carbon content, except when further limited by the purchaser to a value within the specification limits) or nonpressure parts with groove
welds not over ¥ In. (13 mm) In size or flllet welds that have a throat thickness of Y% In. (13 mm) or less, provided preheat to a
minimum temperature of 200°F (93°C) Is applled;

for clrcumferentlal butt welds In pipe or tube where the plpe or tube have both a nominal wall thickness of % In. (13 mm) or less and
a speclfied maximum carbon content of not more than 0.25% (SA material specificatlon carbon content, except when further limited
by the purchaser to a value within the specification limits);

for studs welded to pressure parts that have a specifled maximum carbon content of not more than 0.25% (SA materlal specification
carbon content, except when further limited by the purchaser to a value within the specification limits) provided preheat to a minimum
temperature of 200°F (93°C) Is applled;

for corroslon resistant weld metal overlay cladding or for welds attaching corrosion resistant applied lining (see UCL-34) when welded
to pressure parts which have a specified maximum carbon content of not more than 0.25% (SA materlal specification carbon content,
except when further [imited by the purchaser to a value within the specification limits) provided preheat to a minimum temperature of
200°F (93°C) 1s malntalned durlng application of the first layer.

(b

(c

(d

= ¢4
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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 Minimum Holding
Specified Time [Note (1)1
Temperature, at Decreased
°F (°C) Temperature, hr Notes
50 (28) 2
100 (56) 4 e
150 (83) 10 (2)
200 (1112 20 (2}
NOTES:

(1} Minimum holding time for 1 In. {25 mm) thickness or less. Add
15 minutes per Inch (25 mm) of thickness for thicknesses greater
than 1 1n. (25 mm).

(2) These lower postweld heat treatment temperatures permitted only
for P-No. 1 Gr. Nos. 1 and 2 materlals.

UCS-56.1 ol 5 oolo blusl Codgoma a5 ol 2,0 Holding Temperature zals ¥4 s

55 9 ogdae a3l 4S5 col (Sas HoldINg (slos ;o ond g5, (o yos (ale)S b o5 Josed Gob (2l (2as PWHT w,

Dglae Sy gaeie 5 L ol

Temperature 4

Holding Time
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Heating Rate m
209 222°C) hr 5l yin wls Giabe S 75 o ;is 427°C 5l e aSST 5l oy PWHT plosl L 0 UWS56 5.k

(2) Above 800°F (427°C). the rate’ of heating
shall be not more than 400°F/hr (222°C/hr) divided
by the maximum metal thickness of the shell or head
plate in inches, but in no case more than 400°F/hr
(222°C/hr). During the heating period there shall not
be a greater variation in temperature throughout the
portion of the vessel being heated than 250°F (139°C)
within any 15 ft (4.6 m) interval of length.

UWS56 b il S 750V IS

Cooling Rate m
Dgiiae dgaze 278°C/ hr jiSlas a5 Liale o 75 427°C 5 YL sled 40« 5 Cpor 0

(3) Above 800°F (427°C), cooling shall be done
in a closed finnace or cooling chamber at a rate’not
greater than 500°F/lr divided by the maximum metal
thickness of the shell or head plate in inches, but in
no case more than 500°F/hr (278°C). From &00°F
(427°C) the vessel may be cooled in still air.

UW56 sl ioleyw 750V IS0

PWHT | o o9 &lpens B
PWHT jlan aol (31,5503, cis e Repair s3gusme o Jsu3 L6 85000 JIPWHT jlaes 52 Cosae Lan 4l 4 2255 L
Lol S yg0 90 4 T PWHT cunsg s9i plox! &l peans PWHT Slow 4S5 50,0 > 04 ple!

syls 5L PWHT -

sl 3L PWHT -y
sl 55 by p sy Slyeass 5l ey 2aze PWHT ) Lyl

¢ (0ALES pusg ) QL 00y plmil gy g9 bl p PWHT a5 )50 50
20 0 sl Calbes i yaesS Bes Egezme g 2bb odd alaul s wlwl y PWHT a5 50,0 -
asb ASME Sec VIII UCS 56 Para. f(2)

(2) The total repair depth shall not exceed 1% in.

(38 mm) for P-No. 1 Group Nos. 1, 2, and 3 materials
and 33 in. (16 mm) for P-No. 3 Group Nos. 1, 2, and
3 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 at a given location.

ASME Sec VIII UCS 56 Para. f(2) v <
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Temper Bead Welding o« m

G 4 65ls e plsl Temper Bead Welding ae g 0l 00gs gy 0 45 555w (5,85 azili= API 510 &b

HUWo! 38mm 3 S Glpels (ol y @b)

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, a temper-bead welding technique
may be used in lieu of postweld heat treatment. If a
temper-bead welding technique is to be used, the following
requirements must be met:

a. The weld area shall be preheated and maintained at a mini-

mum temperature of 330°F(175°C) during welding, The max-
imum interpass temperature shall be 430°F (230°C).

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

¢. Heat input shall be controlled within a spccified range of
welding current and voltage.

d. The weld area shall be maintained at a temperature of
S00°F +£50°F (260°C +28°C) for a minimum of 2 hours after
completion of the weld repair.

e. The repair welding shall be witnessed by the authorized
pressure vessel inspector.

f. The weld metal shall be deposited by the manual
shielded metal arc process using low-hydrogen electrodes.
The maximum bead width shall be four times the electrode
core diameter.

g The use of the temper-bead welding technique is to be
restricted to temper-bead welding those steels that meet the
postweld heat treatment exemption criteria found in
UCS-56(f) (1) through (4) of Section VIII, 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 ¢, Ko 59, 00 JSi
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(a) The weld metal shall be deposited by the
manual shielded metal arc process using low hydrogen
electrodes. The electrodes shall be properly conditioned
in accordance with Section II, Part C. SFA-5.5, Appen-
dix A5.6. The maximum bead width shall be four times
the electrode core diameter.
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Table 331.1.1 Requirements for Heat Treatment

Specified Min. Helding Titme
Basel weld Metal Tensile Brinell
l\:ﬁ: :naly :i sa Nominal Wall Strength, Nominal Wall Min.  Hardness,
or S-N’o. A-Number Thickness Base Matal Mefal Temperature Range : [Note (3)] : Time, Max.
[Note (1)} Note (2)] Base Metal Group mm in. MPa ksi °C °F min/mm  hrfin. hr [Note ()]
1 1 Carbon steel <19 <, All All None None .. o
> 19 >34 All All 593-649 1100-1200 2.4 1 1
3 2,11 Alloy sieels, <19 <% <490 <71 None None s S .
Cr< 1/1% > 19 > aﬁ;, All Al 593-718 1100-1325 2.4 1 1 225
All Al > 490 >71 593-718 1100-1325 2.4 1 1 225
4 [Note (3)] 3 Alloy staels, <13 =l < 490 <71  None None e e .
6% < Cr < 2% > 13 > Y% All All 704-746 1300-1375 2.4 1 2 225
All All > 490 >71 704~746 1300-1375 2.4 1 2 225
54, 58, 5C 4,5 Alloy steels (2% < Cr < 10%)
[Note (5)] < 3% Crand £ 0.15% C £13 <% Al All None Hone . - e
£3% Crand £0.15% € > 13 > 1/2 All All 704-760 1300-1400 2.4 1 2 241
> 3% Cror>0.15% C All All All Alt 704760 1300-1400 2.4 1 2 241
6 6 High alloy steels martensitic All All Al All 732788 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 ferritic All All All Al None None
8 8,9 High alloy steels austenitic All Al All All None None
9A, 9B 10 Nickel alloy steels <18 <% All All None None .. .
> 19 > ¥, All All 593-635 1100-1175 1.2 A 1
10 Cr—Cu steel All All All All 760-816 1400-1500 1.2 h %
[Note (6)] [Note (6)]
Table 331.1.1 Requirements for Heat Treatment (Cont’d)
B Specified Min. Holding Time
Metal  Weld Metal _ Ul Brinell
P-No, Analysis Nominal Wall Strength, Nominal Wall Min Hardness
or S-No. A-Number Thickness Base Metal Metal Temperature Range [Note (3)] Time, Max. "
[Mote (1)1 [Note (2)] Base Metal Greup mm in. MPa ksi oC °F min/mm hrfin, hr [Note (4)]
10H Duplex stainless steel All All All All Note (7) Note (7) 1.2 Y 1
10 27Cr steel All All All All 663-704 1225-1300 2.4 1 1
[Note (8)] [Note (8)]
11A 56 1 8Ni, 9Ni steel <51 <2 Al All None Mone ... .
> 51 > 2 All All 552-585 1025-1085 2.4 1 1
[Note (9)] [Note (9)]
11A 86 2 5Ni steel > 51 > 2 All All 552-585 1025-1085 2.4 1 1
[Note (9)] [Note {3)]
(] Zr R60705 All All All All 538-593 1000-1t00 Note (10) Note (10) 1
[Note (10)] [Note (10)]
NOTES:
{1) P-Number or S-Number from BPV Code, Section IX, QW/QB-422.
() 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.
(53 See Appendix F, para. F331.1,
(6) Cool as rapidly as possibie after the hold period.
(7) Postweld heat treatment is neither required nor prohibited, but any heat treatment applied shall be as required in the
material specification.
@

1o prevent embrittlement.
(9) Cooling rate shall be > 167°C (300°F)}/hr to 316°C {(600°F).

(10)

Cooling rate to 649°C (1200°F) shall be tess than 56°C (100°F)/hr; thereafter, the cooling rate shall be fast enough

Heat treat within 14 days after welding. Hold time shall be increased by % 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 (s00°R)/

hr max. Cool in still air from 427°C (800°F).
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Fig. UCS-66 2001 SECTION VIII — DIVISION 1

FIG. UCS-66 (CONT'D)
GENERAL NOTES ON ASSIGNMENT OF MATERIALS TO CURVES:

(a)

(b)

(c)

(d)

(el

Curve A applies to:
(1) all carbon and all low alloy steel plates, structural shapes, and bars not listed In Curves B, C, and D below;
(2) SA-216 Grades WCB and WCC If normallized and tempered or water-quenched and tempered; SA-217 Grade WCe If normalized
and tempered or water-quenched and tempered.
Curve B applies to:
(1) SA-216 Grade WCA If normalized and tempered or water-quenched and tempered
SA-216 Grades WCB and WCC for thlcknesses not exceeding 2 In. (51 mm), If produced to fing graln practice and water-guenched
and tempered
SA-217 Grade WC9 if normalized and tempered
SA-285 Grades A and B
SA-414 Grade A
SA-515 Grade &0
SA-516 Grades &5 and 70 If not normallzed
SA-612 If not normallized
SA-62 Grade B If not normalized;
except for cast steels, all materials of Curve A If produced to fine grain practice and normalized which are not listed In Curves
C and D below;
(3) all plpe, fittings, forgings and tubing not listed for Curves C and D below;
(4) parts permitted under UG-11 shall be Included In Curve B even when fabricated from plate that otherwise would be assigned to
a different curve.
Curve C
(1) SA-182 Grades 21 and 22 If normallzed and tempered
SA-302 Grades C and D
SA-336 F21 and F2z If normalized and tempered
SA-387 Grades 21 and 22 If normalized and tempered
SA-516 Grades 55 and &0 If not normallzed
SA-533 Grades B and C
SA-662 Grade A;
(2) all materlal of Curve B If produced to fine grain practice and normallzed and not listed for Curve D below.
Curve D
SA-203
SA-508 Grade 1
SA-516 If normalized
SA-524 Classes 1 and 2
SA-537 Classes 1, 2, and 3
SA-612 If normalized
SA-662 If normalized
SA-738 Grade A
SA-738 Grade A with Cb and V dellberately added In accordance with the provisions of the materlal speclifcation, not colder than
— 20°F (=29°C)
SA-738 Grade B not colder than —20°F (—29°C)

(2

For bolting and nuts, the following Impact test exemption temperature shall apply:
Bolting
Impact Test Exemption
Spec. No. Grade Temperature, °F (°C)
SA-193 B5 -20 (-29)
SA-193 B7 [2% In. (64 mm) dia. and under] —55 (-48)
[over 2% In. to 7 In. (64 mm to 178 mm), -40 (—40)
Incl.1
SA-193 B7M —-55 (—48)
SA-193 Ble -20 (-29)
SA-307 B -20 (-29)
SA-320 L7, L7A, L7M, L43 Impact tested
SA-325 1,2 =20 (-29)
SA-354 BC 0 (-18)
SA-354 BD +20 (=7)
SA-449 e =20 (-29)
SA-540 Bz3/24 +10 (-12)

General Notes and Notes contlnue on next page

ASME Sec VIII Div.1 Fig UCS-66 ;s 4,5 s cga JU s (i s £+ S5
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GEMERAL NOTES ON ASSIGNMENT OF MATERIALS TO CURVES (CONT'D):

Nuts
Impact Test Exemption
Spec. No. Grade Temperature, °F (°C)
SA-194 2,2H, 2HM, 3,4, 7, 7M, and 1é& -55 (—48)
SA-540 B23/B24 -55 (—48)

(f) When no class or grade Is shown, all classes or grades are Included.
(g) The following shall apply to all materlal assignment notes.
(1) Cooling rates faster than those obtalned by cooling In alr, followed by tempering, as permlitted by the materlal speclfication, are considered
to be equivalent to normalizing or normalizing and tempering heat treatments.
{2) FlIne graln practice Is defined as the procedure necessary to obtaln a fine austenltic graln slze as descrlibed In SA-20.

MNOTES:
(1) Tabular values for this Flgure are provided In Table UCS-66.
(2) Castings not llsted In General Notes (a) and (b) above shall be Impact tested.

Fig UCS-66 sl #1 s
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Neminal Thickness, in. (mm)
[Limited to 4 in. {102 mm) for Welded Construction]
General Notes and Notes follow on next two pages
FIG. UCS-66 IMPACT TEST EXEMPTION CURVES [SEE NOTES (1) AND (2)1 [SEE UCS-66(a)]l
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Energy
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F ' Charpy
Al

2165 V-Notch
Specimen

Charpy Impact /

Test Machine _31|2' .3|94"

D po Cod lnL?;S‘ 8970 £y S

oS Full-Section cl> ol 4 sl asls cuwlbes 10 MM a5 40 9 Job 5.5 Cm aiiSw oolel a5 (g dnlad
! Sub-Section > SMm cubses L Sis o sSe Sub-Section cdl> ol 4wl 10 MM i a8 cobes asilis

Sgdae

{

VAN [ ]
0.394 in. j
{10 mm) [Note (1)]

0.010 in.

(0.25 mm) R_/\_
Als

deg

0.315in. (8 mm)
~——2.165 in. (55 mm) —— = —l

NOTE:
(1) See UG-B4(c) for thickness of reduced size specimen.

FIG. UG-84 SIMPLE BEAM IMPACT TEST
SPECIMENS (CHARPY TYPE TEST)
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Fig. UG-84.1

50 (68)

40 (54.4)

30 (40.8)

Cy, Tt- Ib {J) (average of three specimens)

20(27.2)

15 (20.4)

10 (13.8)

2000 SECTION VIII — DIVISION 1

(a) Interpolation between yield strengths shown is permitted.
{(b) The minimum impact energy for one specimen shall not be less than 2/ of the average
energy required for three specimens.
{c) Materials produced and impact tested in accordance with SA-320, SA-333, SA-334, SA-350,
SA-352, SA-420, and SA-765 do not have to satisfy these energy values. They are acceptable
for use at minimum design metal temperature not colder than the test temperature when
the energy values required by the applicable specification are satisfied.
{d) For materials having a specified minimum tensile strength of 95 ksi (655 MPa) or more, see

UG-84{c){4}(b).

I
0.394 in.
(10.01 mm)
|
|
|
|
|
|
|
|
|
|
|
|
| Minimum specified _|
| yield strength
| 65 ksi (448 MPa)
| -
|
| /
l . 55 ksi (380 MPa)
| / / g
|
| 50 ksi (345 MPa)
| prd o . —
| o i
| / / / sk GromPa) |
| 4 g /
e - <38 ksi (262 MPa)
i / >
|
Lt ‘(—4 g
|
|
|
|
|
|
|
|
|
|
|
|
0 1.0 {25.4) 2.0 {50.8) 23.0(76.2)
Maximum Nominal Thickness of Material or Weld, in. (mm)
GENERAL NOTES:

FIG. UG-84.1 CHARPY V-NOTCH IMPACT TEST REQUIREMENTS FOR FULL SIZE SPECIMENS FOR CARBON
AND LOW ALLOY STEELS, HAVING A SPECIFIED MINIMUM TENSILE STRENGTH OF LESS THAN 95 ksi,
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-Notch

Energy Absorption

Test Temperature, “C for Plate Thicknesses
(Unless Otherwise Agreed Upon)

Minimum
Average For 3 For 1 Over 25 Over 50 Over 75
Specimens?, J, Specimen?. 25 mmand mm to 50 mm te 75  mm to 125
Class4 min J Specification and Grade Under mm, incl. mm, incl. mm, incl.
I 14 10 A 285 Grade A +4 +16&
A 285 Grade B +10 +21
A 285 Grade C +16 +27
A 442 Grade 55 -1
A 442 Grade &0 +2
I1 18 14 A 455 -4
I11 18 14 A 203 Grade A -68 —68 —-&0
A 203 Grade D -101 -101 -87
A 442 Grade 55 (38 mm
max thickness) -29
A 442 Grade &0 (38 mm
max thickness) . -26 - -
A 516 Grade 55 -51 -51 —-46 -46
A 516 Grade &0 -51 46 -46 46
A 516 Grade &5 -51 —46& —-40 -32
A 537 Class 1 (Over &4-100
mm) . - &0 -46
A 662 Grade A —60 —&0
A 662 Grade B -51 -51
v 20 16 A 203 Grade B -68 —68 &0
A 203 Grade E =101 =101 -B7
A 203 Grade F (100 mm
max) . .. -107 -107
A 299 -7 -1 -1 +4
A 516 Grade 70 -46 40 -35 -29
A 537 Class 1 (64 mm max) -2 —&0 —&0
A 537 Class 2 (Over £4-100
mm) . - —-&0 —46
A 662 Grade C -46 —46
(Continuad)

ASME Sec 11, SA20, Table A2.15 b iliee Jb o 45 o (slad 5 iy 4> $5 S
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(b) When vessels are to operate below certain temper-
atures designated by Part UCS (see UCS-68), or impact
tests of the material or weld metal are required by
Part UHA, the joints of various categories (see UW-
3) shall be as follows.

(1) All joints of Category A shall be Type No.
(1) of Table UW-12 except that for austenitic chro-
mium-—nickel stainless steels listed in UHA-S1(d)(1)(a)
which satisfy the requirements of UHA-31(f), Type
No. (2) joints may be used.

(2) All joints of Category B shall be Type No.
(1) or No. (2) of Table UW-12.

(3} All joints of Category C shall be full penetra-
tion welds extending through the entire section at
the joint.

(4) All joints of Category D shall be full penetra-
tion welds extending through the entire thickness of
the wvessel wall or nozzle wall except that partial
penetration welds may be used between materials listed
in Table UHA-23 as follows:

Lad o il saJoint gll gl o ploxl Jasdl s £ £V IS5
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals
These Toughness Test Requirements Are in Addition to Tests Required by the Material Specification

Type of Material

Column A
Design Minimum Temperature at or Above Min. Temp. in Table A-1 or Fig.
323.2.2A

Column B
Design Minimum Temperature Below
Min. Temp, in Table A-1
or Fig. 323,2,28

Listed Materials

1 Gray cast iron

A-1 No additional requirements

B-1 No additional requirements

2 Malleeble and ductile
cast iron; carban steel
per Note {1)

A-2 No additional requirements

B-2 Malarizls designated In Box 2 shali
net be used.

(a) Base Metal

(b) Weld Metal and Heat Affected
Zone (HAZ) [Note (2)]

3 Other carbon steels, low
and intermediate alloy
steels, high alloy ferritic
steels, duplex stainiess
steels

A-2 (3} No additionsl require-
ments

A-2 (b) Weld mnetal deposits shall be
impact tested per para. 323.3 if
decigr min. temp. < —28%C
(~20°F), except as provided [n
Notes (3) and (5), and except as
follows: for materials listed for
Curves C and D of Fig. 323.2.24,
whers corresponding welding con-
sumables are qualified by Impact
testing at the design minimum tam-
perature or lower in accordance
with the applicable AWS specifica-
tion, additional testing is not
required.

B-3 Except as provided in Notes (3)
and {5), heat treat base metal per
applicable ASTM specification listed
in para. 323.3.2; then impact test
base metal, weld deposits, and HAZ
per para. 323.3 [ses Note (2)]. When
materials are used at design min.
temp. below the assigned curve as
permitted by MNotes (2) and (3) of
Fig. 323.2.27, weld deposits and
HAZ shall be impact tested [see
Nete (2)].

4 Austenitic stainless
steels

A4 (8) If:
(1) carbon content by analysis
= 0.1%; or
(A material is not in solution
hezt treated conditlon;
then, impact test per para.

323.3 for design min. temp.

< =29°C (-20°F) except as
provided in Motes (3) and
© '

A4 (b) Weld metal deposits shall be
impact tested per para. 323.3 if
design min. temp. < -25°C (-20°F)
except as provided in para.
323.2.2 and in Notes (3) and {§)

B-f Base metal and weld metal depos-
its shall be impact tested per para.
323.3. See Notes (2}, (3), and (6).

§ Austenitic ductile Iron,
ASTM A 571

A-5 (a) No additional require-
ments

A-5 (b) Welding Is not permitted

B-5 Rase metal shall be impact tested
per para. 323.3. Do not use
< —196°C (=320°F). Welding is not
permitted.

& Aluminum, copper,
nickel, and their alioys;
unalleyed titantum

A-6 (1) No additional require-
ments

A-6 (b} Mo additiona! requiraments
urless filler metal composition is
outside the range for base metal
tompositions ther test per column
B-6

B-6& Designer shall be assured by suit-
abla tests [sea Note ()} that base
metal, weld deposits, and HAZ are
suitable at the design min. lemp.

Unlisted Materials

7 An unlisted material shall conform to a pubiished specification. Where composition, heat treatment, and product form are comparable to those of
a listed material, requirements for the corresponding listed material shail be met. Other unlisted materials shall be qualified as required in the

applicable section of column B.

Notes to this Table foilow on next page
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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 following are subject to the limitations in Box B-2; plates per ASTM A 36, A 283, and
A 570; pine per ASTM A 134 when made from these plates; and pipe per ASTM A 53 Type F and APl 5L Gr. A25 butt
weld.

(2) Impact tests that meet the requirements of Table 323.3.1, which are performed as part of the weld procedure
qualification, will satisfy all requirements of para. 323.2.2, and nead not be repeated for praduction welds.

(3) Impact testing is not required if the design minimum temperature is below -29°C (-20°H but at or above —104°C
{(—155°F) and the Stress Ratic defined in Fig. 323.2.28 does not exceed 0.3.

(4) Tests may inciude tensile elongation, 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.

(5) Impact tests are nat required when the maximum cbtainable Charpy specimen has a width along the notch of less than
2.5 mm (0.098 in.). Under these conditions, the design minimum temperature shall not be less than the lower of
~48°C (~55°F) or the minimum temperaiure for the material in Table A-1.

(6} Impact tests are not required when the maximum obtzinable Charpy specimen has a width along the notch of less than
2.5 mm (0.098 in.}.

(abl) B31.3 5L aie slos jo Slls gly a0 s 4y 5L @l ja0 22 S

Oloesgs ol 5l sl 4o Ll

S 4y Jl e 5 Jgozr 0ol B LA gt 4 az g b b ye 09,5 (lulid (el 5 00iSen 52, 323.2.2 Jguzr 4y o
oals asiw Carbon Steel I, Impact cos 4 5Ls e s JSlas Jloges Fig. 323.2.2A )5 sgive asin Impact
3,18 8929 CUIVE oz Jogei opl 4o .l Culies a5 bgs o 2 g g oo JBlas 4y bgy e (50908 (gt Jlogad (pl jo .l
CUrve L5 o Lo 5 cuslies B oo azsliz Jlo ol Sl 2 5l 09,8 3 sales Curve ,» a5 A,B,C,D lyilgie o

Syl Impact cas a5l L o)1 50 g cwbes T Jb e o] 09 o8lg

Nominal Thickness T, In. [Note (6]]

° 0394 05 1.0 15 20 25 3.0
| | | 1 130
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- 110
20
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Note (1) Ko i
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d I 1] E
E o / %) £
E C“"ma — 30 £
E curt? dx =
£ e Vi o] E
H / b LT 4
=
¥ / o - 0 &
& 20 curig
/ L7 — 10
™ A ] I S
/ / Nata {4) -
40
" < N P N I
= -0

Naminal Thickness T, mm [Nata (6)]

NOTES:
(1) Any carbon steel material may be used to a minimem temperature of -29°C (-20°F) for Category D Fluld Senvice.
(2} X Grades of API 5L, and ASTM A 281 materials, may be used in accordance with Curve 8 if normalized or quenched
and tempered.
(3} The following materials may be used In accordance with Curve D if normalized:
(a) ASTM A 516 Plate, all grades
(b} ASTM A 671 Pipe. Grades CESS, CEEU, and 2l grades made with A 516 plate
[c) ASTM A 672 Pipe, Grades E55, E60, and all grades made with A 516 plzte
(&) A welding procedure for the manufacture of pipe or compenents shall include impact testing of welds and HAZ for any
design minimem temperature below -29°C {-20°F), except as provided in Table 323.2.2, A-3(b).
(5) Impact testing in accordance with para. 3233 is required for any design minimum temperature helow -48°C (~55°F),
except as permitted by Nate (3] In Table 323.2.2.
(8) Fer blind Nenges and blanks, 7 shall be '4 of the flange thickness.

Fig. 323.2.2A Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Table A-1 for Designated Curve for a Listed Material; see Table 323.2.2A for Tabular Values)
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ASME B31.3-2004 APPENDIX A

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise indicated

P-Mo. or Min. Specifled Mi'?' Min.
S-No. Temp., M Temp.
Material Spec. No. {5) Grade Notes °F{8) Tensile Yield ta 100 200 300
Carbon Steel
Pipes and Tubes (2)
A 28BS Gr A A 134 1 - (8b)(57) | B 45 24 15.0 14.6 142
A 285 Gr, A A 672 1 A4S (57)(s9K67) B 45 24 15.0 14.6 142
Butt weld APl 5L S-1 A25 (8a) I -20 45 25 15.0 15.0 145
Sinls & ERW APl 5L 51 A25 (57)(59) B 45 35 15.0 15.0 145
A 179 1 . (57(59) =20 47 26 15.7 15.0  14.2
Type F A 53 1 A 8a)(77) 1 20 48 30 16.0 160  16.0
.. A 139 51 A &N | A 48 30 16.0 165.0  16.0
A 587 1 - (573{(5%) -20 48 30 16.0 16.0 160
A 53 1 A (G759
s A 106 1 A =7
s A 135 1 A (s7)(59) B 43 30 16.0 16.0  16.0
A 369 1 FPA (57)
AP! 5L 5-1 A ENENF7)
A 2856GrL B A 134 1 . {8b)(57) | B 50 27 16.7 16.4  16.0
A 285 Gr. B A 672 1 A50 EHENETD B 50 27 16.7 16.4  16.0
A 285Gr. C A 134 1 &b)(57) | A 55 30 183 18.3 17.7
A524 1 i _ (57 -20 55 30 18.3 18.3 17.7
A 333 1 1
. A 334 1 1 - (57152} ~50 55 30 18.3 183  17.7
A 2856Gr C A 671 1 CASG {co){67} A
A2856Gr. C A 672 1 A55 (57)(59) (67} A
A 516 Gr, 55 L As72 1 C55 (571{67) c |- 55 30 18.3 18.3 17.7
A 516 Gr. 60 A 671 1 CCe0 (5767} C 60 32 20.0 19.5 18.9
A 515 Gr. 60 A 671 1 CB&O :l_
A 515 Gr. 60 A 672 1 B6O (57){67) B ]— 60 32 20.0 19.5 18.9
A 516 Gr. 60 A 672 1 60 (5767 C
A139 5-1 B [639)] | A 60 35 20.0 20,0 20.0
A135 1 B 5759 B 1
A 524 1 | {57) -20 &0 35 20.0 20.0 20.0
. A 53 1 B (5759 :l_
A 106 1 B 57 B
A 333 :L
A 334 1 6 (57 -50 60 35 20.0 20,0 20.0
A 369 1 FPB =7 -20
A 381 51 Y35 e A
API 5L S-1 B (5AEHZT B
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Slye Cov il oads gai atws Ll e dea Al g o
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 ;o sl Lol o ool 5l aiws 40

So L eas and oae SO L JU e yo sl Minimum Temperature °F a4 by o g 58 .ol oals 0ud S8 Slasciv
50 JU e ol sl Lo JBlas iy el ous 043 -50 sae A 334 Grade 1 (ol Jlio sy 0l sus 03 sue asslis .05 >
O gl s el b Impact cos s !y Jb e opl glp =55 Mo b Lo ol 5l yieS Lo gy (sloo azsiliz .ol
&, > Minimum Temperature °F 4 by o o9 j0 STl .cas Fig. 323.2.2A  jloges 10 cuwls g oo byl u
oo 08 C B,> A 672 Grade C55 Lo gl p g conl oo a3 A G,> A 671 Grade CASS Uy sl Jlie yoha g
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Table 323.2.2A Tabular Values for Minimu

Steel Materials {See Fig. 323.2

m Temperatures Without Impact Testing for Carbon
.2A for Curves and Applicable Notes)

Naminal _

Design Minimum Temperature

Thickness, T Curve A Curve B Curve €
Nate (8)] [Note (2)] [Nota (3)] Note (3)1 Curve D

mm In' DC DF bc OF Bc CIF Oc uF

6.4 0.25 9.4 15 -28.9 -20 -48.3 =55 =48.3 =55

7.9 0.3125 =94 15 —28.9 =20 ~48.3 =55 -48.3 =55

9.5 0.375 -9.4 15 -28.9 ~20 -48.3 -55 -48.3 =55
10,0 0.394 =94 15 -28.9 -20 —~48.3 =55 -48.3 =55
11.1 0.4375 -6.7 20 ~28.9 ~20 —41.7 —43 -48.3 =55
12.7 0.5 -1.1 30 -28.9 -20 -37.8 =36 -48.3 -55
14.3 0.5625 2.8 37 -2t.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 0.6875 8.9 48 -12.8 9 -29.4 -21 -41.7 -43
19.1 0.75 11.7 53 -84 15 =27.2 -17 —-40.0 =40
20.6 0.8125 14.4 58 -6.7 20 =250 -13 -383 =37
22.2 0.875 16.7 62 -3.% 25 -23.3 -10 -36.7 -34
238 0.9375 18.3 65 -1.7 29 -21.7 -7 -35.6 =32
25.4 1.0 20.0 &8 0.6 33 —19.4 -3 -34.4 =30
27.0 1.0625 22.2 72 2.2 36 -183 -1 -33.3 -28
28.6 1.125 23.9 75 3.9 39 -16.7 2 -32.2 ~26
30.2 1.1875 250 77 5.6 432 -15.6 4 -30.6 -23
31.8 1.25 26.7 80 6.7 44 -14.4 6 —29.4 =21
33.3 1.3125 7.8 g2 7.8 46 -13.3 8 -28.3 -19
34.9 1.375 28.9 84 8.9 48 -12.2 10 -27.8 -18
36.5 1.4375 30.0 86 9.4 49 -11.1 12 -26.7 -16
38.1 1.5 31.1 B8 10.6 51 -10.0 14 -25.6 -14
35.7 1.5625 32.2 90 1.7 53 -8.9 i6 -25.0 -13
41.3 1.625 33.3 92 12.8 55 -8.3 17 -23.9 -11
42.9 1.6875 33.% 493 13.9 57 -7.2 19 -23.3 -10
44,5 1.75 34.4 94 14.4 58 -6.7 20 -22.2 -8
46.0 1.8125 35.6 96 15.0 59 -5.6 22 -21.7 -7
47.6 1.875 36.1 o7 16.1 61 ~5.0 23 -21.1 -6
49.2 1.9375 34.7 98 16.7 62 4.4 24 -20.6 -5
50.8 2.0 37.2 99 17.2 63 -3.3 26 -20.0 -4
51.6 2.0325 37.8 100 7.8 & -2.8 27 -15.4 -3
54,0 2.125 38.3 101 18.3 65 =22 28 -18.9 -2
£5.6 2.1875 38.9 in2 18.9 66 -1.7 29 -18.3 =i
7.2 2.25 38,9 102 19.4 67 -1.1 30 -1i7.8 0
58.7 2.3125 359.4 103 200 68 0.6 31 -17.2 1
60.3 2.375 40.0 104 20.6 69 0.0 32 ~16.7 2
61.9 2.4375 40.6 105 21.1 70 0.6 33 ~16.1 3
63.5 2.5 40.6 105 21.7 71 1.1 34 -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 36 ~14.4 6
68.3 2.6875 £1.7 107 22.8 i3 2.8 37 -13.9 7
69.9 2.75 422 108 23.3 74 3.3 38 -13.3 8
71.4 2.8125 422 108 23.5 75 3.9 39 -13.3 B
73.0 2875 428 109 24.4 76 4.4 &0 -12.8 9
74.6 2.9375 42.8 109 25.0 77 4.4 40 -12.2 10
76.2 3.0 433 110 25.0 77 5.0 41 -11.7 i1

B31.3 &lhe ai)ls a0 ces 4 5L C.S Gl a5 Sl Blos VY S

1y




Zg ~>)|J.3l1.wl st)yj 893>

Stainless Steel Materials ool ! -Y

el 09,5 a0 Lo Stainless Steel I, Impact s S ASME B31.3 Para. 323.2.2 (f) s Jastew! gilas
-101 °C b sles JBlom b oSS 5l 0.10 % ;| Austenitic Stainless Steel ;S oo )0 aziliz 558 G1S51L Gilae
o 2 i 4y 5305 Yl 5 (150 °F) |

s 4355 s &y 5L =48 °C (<55 °F) =1k sles J8la> b 05 112s 0.10 % 5l (0,8 oo yo azilis

(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°F) and higher

(2) for austenitic weld metal

{a) having a carbon content not exceeding 0.10%,
and produced with filler metfals conferming to AWS
A5.4, A5.9, A5.11, A5.14, or A5.22" at design minimum
temperatures of —101°C (~150°F) and higher, or

(b) having a carbon content exceeding 0.10%, and
produced with filler metals conforming to AWS Ab4,
A5.9, A5.11, A5.14, or A5.22! at design minimum tem-
peratures of —48°C (-55°F) and higher
B31.3 Para. 323.2.2 (f) s.b Jutwl pudiin] 1o a0, cand Condg VY JSo

PIpINg o 156 Cand 1y lmo X
b S S35 550 S ol LT 45 00357 5l alsis ok ool ol ulitl 5 Jetl S (sl 4y e Sl
oS glad L 323.3.5 Jeu 3 323.3.5 Acceptance Criteria él,S1,L 4 ax>lp b
1] 00 (ol 3w 90 4 323.3.5 Jgux
Carbon and Low Alloy Steel 4 sgis by e (@)
Steels in P-Nos. 6,7 and 8(_Lxw! juisl) @ ogiane by e (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 Ne. of Specimens Steels _ Deoxidized Steels
Tensile Strength [Note {1)] Joules ft-Ibf Joules ft-lbf
(a) Carben and Low Alloy Steels
488 MPa (65 ksi) and less Average for 3 specimens 1B 13 14 10
Minimum for 1 specimen 16 10 10 7
Over 448 to 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 10
Over 517 but not incl, 656 MPa {95 ksi) Average for 3 specimens 27 20 ..
Minimum for 1 specimen 20 15 000

Laterai Expansion

656 MPa and over [Note (3)] Minimum fer 3 specimans 0.38 mm (0.015 in.}
(b} Steels in P-Nos. 6, 7, and 8 Minimum for 3 specimens 0.38 mm (0.015 in.)
NQOTES:

(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 te that of a full-size specimen, 10 mm (0.394 in).

{3) For boiting of this strength level in nominal sizes M 52 (2 in.} and under, the impact requirements of ASTM A 320 may
be applied. For balting over M 52, requirements of this Table shall apply.

iy e iy Jlona VE S

Ohsx o2 a1y (50 £ A o pualgtu 4SS 50,0 wigd aitle APTSL o Jastis] b a3 15 G j0 dlg) 90 aSile)) (pian
Lol (oS- APT 1104 5158 > ol oS ol (5,00 VY Ag) S5 g 00l

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 (sec note). Jointer welds failing to
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 dg colo 5l G (Jame Gigz p oSl uled VO S
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Uniform Numbering System (UNS) (\Y
ol a5l gl AiSn (6 NF 05 g3 gy s |y Jl e o bl o el cilize gl usliwl 45 b e S yiiie alais UNS
el s s il pla 1o 45 3,1 Sy (6, NFAS 0y s oS Iy ciliie gl sl 43 1, Slge Sloo gas

P_No. LT sl s s Unassigned ass o e ASME Sec IX QW-422 cod o Jb e 5l can
olge ol UNS Number asibi> wgi 48,5 PQR wb 55 olge cpl slp p3¥ 0,150 0 a8l s a9 b .ol oais o0ls awass
Slge oyl &l 1, UNS Number (ylea P_No. sl atils ciallas QW-422 15 59290 sl s 51 S UNS Number L
UNS-No. & Jb o iz sl  P_NOL S L as s ls 0459 86!l cpl ouiSes ;53 1, P No. T WPS 5 5 0 50 ,lai 0
:QW-420.1 ,s ASME Sec. IX s Jaibesl jo Jlso gk
axislee UNS-No. N08800 l)ls Koo g P-No.45 l)ls X SB-163, SB-407, SB-408, SB-514,

JU e gy asws (VT
Wl 1y Oy Jglaie o laslwl aw o JU e (g atws

ASME: P-No. & Gr.-No.
ASTM: S-No. & Gr.-No.
AWS: M-No. & Gr.-No. (AWS D14.6)

:33] 00l (G0 i iwo ¥ Jadd U e « APT o lasles! o Ll
a) Yield Strength < 42000 psi
b) 42000 psi < Yield Strength <65000 psi
¢) Yield Strength > 65000 psi

a. Specified minimum yield strength less than or equal to
42,000 psi (290 MPa).

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

¢. For materials 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 Jl e o 4o Y5 S

Gr-No. o5 0)lge plo ;0 9 cwl some PQR @ 55 Gr-NO. s b ol ol g pw lod a5 90,0 ks WPS o
2iSes 3wl POQR oz plosl jo 3l

oo 5ls ASME Sec IX QW 420 (Material Grouping) ,s S-No. uizen 3 P-No. Lolol JU e (o aiws
s

el dal day dmio o Jglaz cpl 5l Lisy a5 ail o (go atws Jbye « ASME Sec IX QW 422 Jolax jo fizen
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04 QW-420  Material Groupings QW-420.2 S-Numbers, $-Numbers are assigned to
QW-420.1 P-Numbers and S-Numbers. Base metals ~ malerials that are acceptable for 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 reducing the number of welding and brazing  sure Vessel Code Cases, but which are not included within
procedure qualifications required. In addition, ferrous  ASME Boiler and Pressure Vessel Code Material Speci-
base metals have been assigned Group Numbers creating  fications (Section II),
Subsets Of P—Numbers al'ld S-Numbers that are used.. when Matenal Produccd under an AS'ITM Speciﬁcatioﬂ Shﬁ.“
WPSs are required to be qualified by impact testing by pg congidered o have the same S-Number or S-Number
other _Sectwns or Cedes. These assignments are based plus Group Number as that of the P-Number or P-Number
essentially on comparal:t;;: baze metgf_ham“g“sm:’ suc;lh plus Group Number assigned to the same grade or type
as compomn?]n, W;ifjabl t]y’ .rzlzleabl gy’ a"Thmec ante material in the corresponding ASME specification (i.e.,
P""Pf"tf’ e e e o be indisoriai.  SA-240 Type 304 is assigned P-No. 8, Group No. L;
ments do not im at base metals may be indi - . .
¢ 1P 4 : therefore, A 240 Type 304 is considered S-No. 8, Group
nately substituted for a base metal that was used in the No. 1)
qualification test without consideration of compatibility OS. ’ bk df . ifically ad
from the standpoint of metallurgical properties, postweld O L e dldiess
heat treatment, design, mechanical properties, and service S-Numbers. When this occurs, the requirements regarding
requirements. The following table shows the assignment P-Numbers and P-Nu:mber GTUUP Numbers shall aPPIY
groups for various alloy systems: equally to materials that are assigned to correspondin:g
. S-Numbers and S-Number Group Numbers. However, if
e Welding Brazing procedure qualification testing was done using material
Steel and sieel P-or $-No. 1 P- or 5-No. 101 assigned an S-Number or §-Number Group Number, the
o E - oh P- S- D o Dot . .
alloys ;?;ml"lhi:do;?m ﬁf}ouﬁ‘n * range qualified is limited to materials that are assigned
$-No. 54, 5B, S-Numbers or S-Numbers Group Numbers (i.e.. qualifl-
and 5C cation using a P-Number material qualifies corresponding
Alumi“umbaﬂd alu- P- ;Tms'r‘}‘]“ifl g P';f S'E"ﬁw‘;oa;d S-Number materials; qualification using an S-Number
:ﬂ;;;n e N onee material qualifies corresponding S-Number materials but
Copper and copper-  P- or 8-No. 31 P-or $-No. 107 and  not corresponding P-Number materials; qualification of
base alloys through P- or §- P- or $-No. 108 welders using a P-Number material qualifies them to weld
. L) on corresponding S-Number materials and vice versa).
Nickel and nickel- P- or 3-No. 41 P- or S-No. 110
base alloys through P- or 5- through P- or 5-
No, 49 No. 112
Titanium and tita- P- or 8-No. 51 P- or §-No. 115
nium-hase alloys through P- or 8-
No. 53
Zirconium and ziz- P- or 8-No. 61 P-or 8-Ne. 117
conium-base through P- or S-
allays Na. 62
QW 420 ,5 S-No. 3 P-No. cos JU jie (gam aws VY S
QW/QB-422 FERROUS/NONFERROUS P-NUMBERS AND S-NUMBERS
Grouping of Base Metais for Qualification
Ferrous
Minimum Welding Brazing
Specified
UNS Tensile, P-  Group 3 Group ; P- S-
Spec. MNo. Type or Grade No. Isi (MPa) No. Mo. No. No. No.  Mo. Nominal Composition Product Form
SA-36 e K02600 58 (4000 1 1 101 C—-Mn=3i Plate, bar, & shapes
S5A-53 Type F e 48 (3300 1 1 101 A 4 Furnace welded pipe
SA-53 Type §, Gr. A Ko2504 48 (330) 1 1 101 ... C Smls. pipe
SA-53 Tvpe E, Gr. A Koz2504 48 (3300 1 1 101 PP Resistance weldad plpe
SA-53 Type E, Gr. B K03005 60 (415) 1 1 101 C—Mn Resistance welded pipe
SA-53 Type §, Gr. B K03005 60 (415) 1 1 101 C-iMn Smls, pipe
SA-105 . K03504 70(485) 1 2 101 C-8i Flanges & fittings
SA-106 A Ko2501 48 (3305 1 1 - 101 C-Si Smls. pipe
SA-106 B KO3006 60 (415} 1 1 Ca. 101 C—Mn-Si Smls. pipe
SA-106 C K@3501 70(485) 1 2 e . 101 .. C-Mn-8i Smls. pipe
A 108 1015 CW G10150 60 (415) 1 1 101 C Bar
A 108 1018 CW Glo180 60 {415} 1 1 w01 © Bar
A 108 1020 CW Glo200 40 (415) 1 1 101 ¢ Bar

ASME Sec IX QW 422 5 S-No. 3 P-No. _ulol 5 JU so (gon dws Canad YA S0
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sael Std. lgie cos a5 Sgiw Jgaz ol 5o el odal 5 Jgo sllae AWS D14.6 (1996) o, lailewl jo JU yio (g0i aws
Mat'l No. ;lge o 1) olge 8 jlastin] 045 Ll . sl S-NoO. L P-No. ;lee jglaie 03,5 W3PS LS L P lgie e | olge g
Ll 08,5 (00 atws el M-NO. lea jglaie a5

AYS DI4.k 9 EE 078425 D50614E 117 HH

2
Table 1
Grouping of Base Metals for Procedure Qualification
Minimum
Tensile/
Mat’l Group Base Metal Yield
No. No, Std. Specification ksi Base Metal
Steel and Steel Alloys
1 1 PS A3l Grade A 45/23 Rivets (C)
Grade B 58/29 Rivets (C)
PS8 A36 forthk < 8 in. 58/36 Plate (C-Mn-5i)
for thk > 8 in, 5832
Ps AS3 Type F 4525 Pipe
Type E, Gr A 48/30 Pipe
Type E, Gr. B 60735 Pipe
Type S, Gr. A 48/30 Pipe
Type S, Gr. B 60/35 Pipe
Grade B 60735 Pipe
PS AlDe Grade A 48730 Pipe (C-Si)
Grade B 60/35 Pipe (C-31)
S Al3l Grade A 5834 Structural
for thk > I in. 58/32
Grade B 58/34 Structural
Grade CS 58/34 Structural
Grade D 58134 Structural
Grade DS 58/34 Steuctural
Grade E S58/34 Structurat
263 Al34 Pipe of A283 and A283
PS Al35 Grade A 48/30 ERW Pipe (C)
Gradc B 60/35 ERW Pipe (C-Mn)
S Al39 Grade A 48/30 Pipe
Grade B 60135 Pipe
Grade C 60/42 Pipe
5 Alst Low Carbon 4726 Low C Tube
Grade T1 55/30 C-Mo Tube
BS Al78 Grade A 4126 ERW Tube (C)
Grade C 60437 ERW Tube (C)
PS Al79 Seamless Tube (Low C)
PS Al81 Class 60 a0/30 Pipe Flange (C-Si)
PS Al192 47726 Seamless Tube (C-5i)
PS5 A21D Grade A-1 60/37 Tube (C)
PS A214 * ERW Tube (C)
PS A216 Gradec WCA 60430 Castings (C-S1)
PS A2Z6 47126 ERW Tube (C-8i)
PS A234 WPB o0/35 Pipe Finting (C-Mn)
PS A266 Class 1 60/30 Seamless Forging (C-Si)
PS A283 Grade A 45/24 Plate (C-Si)
PS Gradz B 50727 Plate (C-8i)
Gradz C 35130 Plate (C)
Grade D 60/33 Plate (C)
S A284 Grade C 60/30 Plate (C-51)
Grade D 60733 Plate (C-51)
PS A285 Grade A 45/24 Plate (C)
Grade B 50/27 Plate (C)
Grade C 55/30 Plate (C)
PS A333 Grade | 55130 Plate (C-Mn)
Grade 6 60435 Pipe (C-Mn)
PS A334 Grade 1 55430 Tube (C-Mn)
Grade 6 60/33 Tube (C-Mn-8i)
{continued)

(AWS) L e sty atws : VA IS
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3l YLl 6,15 ko (O
ol 5l g LT oyiee ol a0 alg) Jlasl e .ol suis aislo ASME Sec VIII Div.1 s lastewl b a5 ol (S350 1 Jlge
5,5 oolazwl

Pl 00 (o 25 D5y 8 Se 58 i (nl ()5 SCOPE 552 o5 etz B33 (gl o

}_{ Packaged equipment piping
F_._.

~N
Tubes, tube headers, Pressure vessels, heat
crossovers and manifolds exchangers, pumps, com-
of fired heaters, internal pressors and other fluid
to the heater anclosure handling or processing

equipmant, including in-
F——;7 ternal piping and con-
{ nections for external

piping

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

GENERAL NOTE: The means by which piping is attached fo equipment is within the scope of the applicable piping code.

Fig. 300.1.1 Diagram Hlustrating Application of B31.3 Piping at Equipment
ASME B31.3 (sloloall g s3g0me A+ S

aSl 4 axg5 L 1 ogiue (B31.3) Process Piping .lgd Joein (dawmmo (o9 (sl oy3me oWLasl jo conlaw a5 jglailen
Sl ol &g 151 olgs B31.3 5o «eees ASME Sec VIII ssg0 ;o Elbow !
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Consumable Insert (\f
g oo oolaiwl Consumable Insert ;I B31.3 &b Glie (0,5 5 jshie 4wl ol ; Base Metal culbes aSolal> o
14555059

Qb (S 09,580 sleows 5JUT L 0L Consumable Insert olos 3 JGT )

Sed per ol del wls Y

g plxil by (ol LPQR Y

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} Square Ring or Round
@ Wire Type
Z
/’}’ {e} Flat Rectangular Ring
Typical
Consumable
Inserts % {f) Formed Ring Type

L % {g) Y-Type

AME B31.3, Consumable Insert : A\ Jsi
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3o High-Low (V0

ASME Sec VIII Div.1 ,s jtxo High-Low 3t
el ou jasie Table UW33 sASME Sec VIII Div.1 s lustewl Gulul » jlxe High-Low lads

TABLE UW-33
SI Units
Joint Categories
Section Thickness, mm A B,C,&D
Up to 13, Incl. Yot Lot
Over 13 to 19, Incl. 3.2 mm Lot
Over 19 to 38, Incl. 3.2 mm 4.8 mm
Over 38 to 51, Incl. 3.2 mm Lot
Over 51 Lesser of Lesser of
List o 10 m Lot or 19 mm
m

ASME Sec VIII Div.1, Table UW3 &b jlxs High-Low jlaie AY S5

API 650 5 (3l jlxo High-Low Xt

SIS1L g soges Slebg> slp o sl )5l e (Misalignment) High-Low ;. API 650 Para. 5.2.3.1 ;s

Ll 0dl o8 6@‘ sledis> ol 5232

5.2.3 Shells

5.2.3.1 Plates to be joined by butt welding shall be
matched accurately and retained in position during the weld-
ing operation. Misalignment in completed vertical joints for
plates greater than 16 mm (*/g in.) thick shall not exceed 10%
of the plate thickness or 3 mm (/g in.), whichever is less;
misalignment for plates less than or equal to 16 mm (°/g in.)
thick shall not exceed 1.5 mm (1/1¢ in.).

5.2.3.2 In completed horizontal butt joints, the upper plate
shall not project beyond the face of the lower plate at any
point by more than 20% of the thickness of the upper plate,
with a maximum projection of 3 mm (/g in.); however, for
upper plates less than 8 mm (/14 in.) thick, the maximum
projection shall be limited to 1.5 mm (}/1g in.).

APL 650 )5 jlxe High-Low 5 AV JS

API 620 4o 3l jlxe High-Low Lt

ol oa 0B ¢ lid (oS 3l e (Misalignment) High-Low 5.0 API 620 Para. 6.14 ,»

6.14 ALIGNING OF MAIN JOINTS

Particular care shall be taken in matching up the edges of
all plates within the tolerances of offset as follows:

a. For plates 1/4 in. in thickness and less, 1/16 in.

b. For plates over 1/4 in. in thickness, 25% of the plate thick-

1

ness or /8 in., whichever 1s smaller.

APL 620 )5 jlxe High-Low 5 A JS

Yo
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B31.3 s ,luituw! o Piping ;o jlxo High-Low ¥t
Engineering L WPS s ceiloe dJg) J3s High-Low  jlxe o)l Jame sloisg> ,0 328.4.3 (a)(1),(2) GI51,L 4o

328.4.3 Alignment
(a) Circumferential 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-

Jos b 5530 BISTL aiile po ot slads> sl 058 Taper cawloe dy 5,0 High-Low 4wl sus o3 Design

I

neering design.

(2} If the external surfaces of the components are

not aligned, the weld shall be tapered between them.
(b) Longitudinal Welds.
groove welds (not made in accordance with a standard

listed in Table A-1 or Table 326.1) shall conform to the
requirements of para. 328.4.3(a).

Alignment of longitudinal

Piping (B31.3) ,s High-Low )l : AD JSo

Colyo 4 Gl opl el High-Pressure Piping L g, aSilo; Piping ,o High-Low 5w a5 el S8 a4 p35Y Ll
J‘)ﬂ)l{. d.:ua.é bl R (0, L5L¢r“’9" LS‘J‘.‘ o~ ‘;a.,.m L5L¢r“’9" LS‘J‘.‘ ) <ol 1.6mm Q] O‘}:A 9 Sl oals o8

odel o o a5 K328.4.3

K328.4.3 Alignment
(2} Girth Butt Welds
(1) Inside diameters of components at the ends to
be joined shall be aligned within the dimensional limits
in the welding procedure and the engineering design,
except that no more than 1.6 am (% in.) misalignment
is permitted as shown in Fig. K328.4.3. '
(2} If the external surfaces of the two components
are not aligned, the weld shall be tapered between the
two surfaces with a slope not steeper than 1:4.

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

(c) Branch Connection Welds

(1) The dimension m in Fig. K328.5.4 shall not
exceed +1.5 mm (Y4 in.).

Pressure Piping (B31.3) ,s High-Low 5w : AP S

V) —=
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API 1104 5 jlastew! 4o Pipeline ,s jlxo High-Low 3t
7.2 GI3LL Golas .ol 3mm )l i wls plo va sle dlgl 4o 5lxe High-LOW Olre

7.2 ALIGNMENT

The alignment of abutting ends shall minimize the offset
between surfaces. For pipe ends of the same nominal thick-
ness. the offset should not exceed /g in. (3 mm). Larger vari-
ations are permissible provided the variation is 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 circumference of
the pipe. Hammering of the pipe to obtain proper lineup
should be kept to a minimum.

Pipeline ;s jlxe High-Low : AY S5

VY —=
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s> jlxo Reinforcement (\#
HLad e 3l 5o Ghg= jlxe Reinforcement 3t

ol oas aseie UW3S Para. (d) ,sASME Sec VIII Div.1 s bl wlol 5« s> 5lxe Reinforcement lais
S s D ) oo R 9T ) )

(d) To assure that the weld grooves are completely
filled so that the swrface of the weld metal at any
point does not fall below the surface of the adjoining
base materials,” weld metal may be added as reinforce-
ment on each face of the weld. The thickness of the
weld reinforcement on each face shall not exceed the
following:

SI Unats
Maximm Reinforcement. mm.

Material Nomuinal Category B & C Other

Thickness, mm Burt Welds Welds
Less than 2.4 24 0.8
24 to 48, incl 32 16
Over 4 8 to 13, incl. 4.0 24
Ower 13 to 23, mncl. 4.8 24
Over 25 to 51, mncl. 5 32
Over 31 to 76, mncl. 6 4
Over 76 to 102, 6 6
incl.
Over 102 to 127, 6 6
incl.
Over 127 8 8

ASME Sec VIII Div.1 . UW35 3.k s9> jlxe Reinforcement jlaio :AA o

API 620 ;b ,0 Ji9> jlxo Reinforcement Lt

Table 6-3—Maximum Thickness of Reinforcement
on Welds

Maximum Reinforcement (in.)

Plate Thickness (in.)

Vertical Joints

Horizontal Joints

) 332
> 12 thru 1 lg
>1 316

/g
316
1 /4

API 620 5.b is> jlxe Reinforcement lais :A1 JS

API 650 3L 50 99> jlxo Reinforcement 3t

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

nesses:
Maximum Reinforcement Thickness
Plate Thickness mm (in.)
mm (inches) Vertical Joints Horizontal Joints
<13 () 25(/) 3 (Yg) Joo
>13 (1) to 25 (1) 3 (Mg 5Che)
>25(1) 5 C/16) 6 (M)

The reinforcement need not be removed except to the
extent that it exceeds the maximum acceptable thickness or
unless its removal is required by 6.1.3.4.

APL 650 )il ;5 (5s> Lo Reinforcement A+ s

\AN
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o ,luituw! 4o U/C (UnderCut) ;Lo (VY

API 5,lsibaw! 4o U/C Lo TX

g b ol SKae 3, lailisl 55 ool yy (6 05055 3500
e API 650
e API 620

Qigh oo 4zl ASME Sec VIII Div. 1 s lutiw) olul 5 jlid cod o5l

Yo slois> ;5 U/C 3oe API650 Para. 5.2.1.4 s ksl gob ool S Lo o lastinl aw ol o Undercut Loas
Asb 0.8mm 51 xS oL Horizontal slyss> 0 3 0.4mm 51 S sl
:API 650 ,o U/C

5.2.1.4 The edges of all welds shall merge with the surface
of the plate without a sharp angle. For vertical butt joints, the
maximum acceptable undercutting is 0.4 mm (!/g4 in.) of the
base metal. For horizontal butt joints, undercutting not
exceeding 0.8 mm (1/3, in.) in depth is acceptable.

API 650 Para. 5.2.1.4 s U/C _5pd o> A) JS&

oS wb Horizontal sless> 0 5 0.4mm 5l eSS sl Yo, sl ;0 U/C goe API 620 Para. 6.13 s lustenl 5.1

b 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 1/64 in. for longitudinal or
meridional butt joints and 1/32 in. for circumferential or latitu-
dinal butt joints.

API 620 Para. 6.13 1o U/C _s s, o> AY S

ASME Sec VIII Div.1 ,s U/C %t

(sl jieS oS plas,e) wsb 0.1Thickness L 0.8mm ;l is wls U/C .UW35 5L

(b) A reduction in thickness due to the welding

process 1is 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 point.

(Z2) The reduction in thickness shall not exceed
Les in. (0.8 mm) or 10% of the nominal thickness of
the adjoining surface. whichever 1is less.®

ASME Sec VIII Div.1, UW35 s U/C b i 4> AY S5
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ASME B31.3 s,laitewl ,o U/C X*

L gy 428l i 55 Kiew PIPING sy 40 baid B31.3 5 st o ¢ Piping ;s U/C iy jbss

Normal Fluid | Category M g, 4zl Js ool oo Jome sloig> 0 U/C (5 pdy o> sl Pressure Piping
U/C consg NS 5 cenl Joud BB ail ;a8 a8 plaS 0 ((cualies @) T/4 L MM gos b o slodis> 5o w3L Service

ovex (> ez dae (e ) it lpdigr 5 e (Sl e Sl 341.3.2 Jogaz= 50 ASME B31.3 S lasteal o
el oais et (Fillet

{os) Table 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 [Note (1)] Examination Methods

Normal and Category M Fluid

Service Severe Cyclic Conditions Category D Fluid Serviee

Type of Weld Type of Weld Type of Wald
2 5 g
H £ 2
m
& & o £
@ = L § =
= § e £ 5 § 5
2 8 ] g » g s 3 k] o -
= —_ a —_ o =
§2 | © g sz | & g £ © g i £ |z
= = 5 o= o = ] =~ E = b e
£ 5 = £ = 5 = k-] - E — 2 & = =
= § 38 | 2 25 T8 | & 5 5g | 2 B | % &
2| %2 |5 |22 | %8| 5% E B2 | 3 E ERE-E
= 5 g2 = E 5 & = b=l &= = B ] = Ic) =4
(G = = = Jd 5= = = S5= iz ] Weld Imperfection = o = 5
) A A A A A A A A A Crack e v v g
A A A A A A C A NiA A Lack of fusion s v
B A WA A A MiA C A NiA B Incompiete penetration v v
E E NiA 1] o MiA N/ NiA NfA N/A Internal porosity v
Internal slag inclusion, tungsten

G G N fA F F N /A bl fA M{A M/A Inclusion, ar elongated indication o

A H A A A | A H H Undercutting i

Surface porosity or exposed slag
A A A A A A A A A A inclusion [Note (5)] 4
LTEY HIA WA I J 1 N/A NAA WA NfA Surface finish ¥
Concave root surface
K K MiA K K Ni& K K NJA K (suck up) 4 4
Weld reinforcement or internal

L L L L L L M M M M protrusion /
GEMERAL MOTES:

(&) Weld imperfections are evaluated by one or more of the types of examination methads given, as specified in paras. 341,4.1, 341.4.2,
341.4.3, and M341.4, or by the enginzering design.

(b} “N/A" indicates the Code does not establish acceptance triterla or does not require evaluation of this kind of Imperfection for this type of
weld.

[0 Check (v} Indicates examination method generally used for evaluating this kind of weld Imperfection.
(@) Ellipsis {. . ) indicates examination method not generally used For evaluating this kind of weld imperfection,

ASME B31.3 30 > w9t Jod sl lae AT S
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Criterion Value Notes for Table 341.3.2

Criterion
Symbol Meastire Acceptable Value Limits [Note (8)]
A Extent of imperfection Zero (no evident imperfection)
B Depth of incomplete penetration <1 mm (%, in.) and < 0,27,
Cumulative length of incomplete penetration <38 mm (1.5 In)} in any 150 mm (& In.) weld length
C Depth of lack of fusion and incomplete penetration 50.2T,
Cumulative length of lack of fusion and incomplete <38 mm (1.5 in) in any 150 mm (6 in.) weld length
penetration [Mote (7)]
o Size and distribution of internal porosity See BPV Code, Section VI, Division 1, Appendix &
E Slze and distribution of intermal porosity For f..,s 6 mm (%4 in, limit is same as D
For Ty > 6 mm (%4 1n), limitis 1.5 x D
F Slag inclusion, tungsten inclusion, or elongated indieation _
Individual length ZTwi3 _
Individual width <2.5 mm (%, in) and < T,./3
Curmulative length = Ty inany 12T, weld length
G Slag inclusion, tungsten Inclusion, or elongated indication _
Individuatl length <2y _
Individual width =3 mm (4ind and £ T, /2
Cumulative length = 4T, i any 150 mm (6 in.) weld length
H Depth of undercut <1 mm (s in) and £ T, 4
| Depth of undercut = 1.5 mm (g in) and £ [T /4 or 1 mm (Y% in)]
] Surface roughness 5 500 min. Ra per ASME B46.1
K Depth of root surface concavity Total joint thickness, incl. weld reinf, = T,,
L Height of reinforcement or intemal protrusion [Note (8)] in For T mim (i) Height, mm {in.}
any plane through the weld shall be within limits of _l_“_ -
the applicable height value In the tabulation at right, <6 (I/Q . £ 1.5 (Vi)
except as provided in Note (9). Weld metal shall merge =6 () 21304 =3 (%)
smoothly into the component surfaces, >13 (34), < 25 (1) < 4 (%)
=25{1) %5 (%
] Helght of reinforcement or interal protrusion [Note (£)]

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

Limit is twice the value applicable for L above

Notes follow on next page

(aalol) ASME B31.3 )5 i wogme Job cslolone 40 S5
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Leak Test (\A
ol 00ls mesgs Leak Test 0,400 UW 15 jise
Bgd S (S 5l 6 S ol> ca> Wb L3k Reinforcing Ring . UW 15 5.k

UW-15 WELDED CONNECTIONS

(d) Reinforcing plates and saddles of nozzles attached
to the outside of a wvessel shall be provided with at
least one telltale hole (maximum size NPS Y tap) that
may be tapped for a preliminary compressed air and
soapsuds test for tightness of welds that seal off the
inside of the vessel. These telltale holes may be left
open or may be plugged when the vessel is in service.
If the holes are plugged. the plugging material used
shall not be capable of sustaining pressure between the
reinforcing plate and the vessel wall.

UW-15 sl Reinforcing Ring Pad as cus 48 S
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Joint Efficiencies (4

ol Base Meal cuglio 45 Jlasl cwglie 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 .l Joint Efficiency a5 AV S

Ll oo ;53 Jglate Sl>Mas! iy ls AWS A3.0 s lastew] o axsS

oy s ames ¢ Joint Effiecienciy a4 azg L 31,5500, w0

\

TABLE UW-12 =
MAXIMUM ALLOWABLE JOINT EFFICIENCIESY® FOR ARC AND GAS WELDED JOINTS =
=
Degree of Radiographic Examination :
Type Joint (a) (b} (c)
No. Joint Description Limitations Category Full? Spot® None
(1) Butt joints as attained by None A B C,&D 1.00 0.85 0.70
double-welding or by other
means which will obain the
same quality of deposited weld
metal on the inside and outside
weld surfaces to agree with the
requirements of UW-35.
Welds using metal backing
strips which remain in place 3
are excluded. =]
w
(2) Single-welded butt joint with (a) None except as in (b below A B C, &D 0.90 0.80 0.65 sy
backing strip other than those ¢bJ Circumferential butt joints with A B &C 0.90 0.80 0.65 =
included under (1) one plate offset; see UW-13(h)(4) and \-:—’
Fig. UW-13.1, sketch (k) (
(3) Single-welded butt joint Circumferential butt joints only, not A B &C Ma Ma 0.60 =
without use of backing strip over % in. (16 mm) thick and not
over 24 in. (610 mm) outside =
diameter =
72
(43 Double full fillet lap joint (a) Longitudinal joints not over % A MA MA 0.55 \}’l
in. (10 mm} thick —
() Circumferential joints not over B & C° MA MA 0.55
% In. (16 mm) thick
(5) Single full fillet lap joints with ¢a) Circumferential joints* for E MA MA 0.50
plug welds conforming to UW- attachment of heads not over 24 in.
17 (610 mm) outside diameter to shells
not over % in. (13 mm) thick
¢bJ Circumferential joints for the C MA MA 0.50
attachment to shells of jackets not
over % in. (16 mm) in nominal
thickness where the distance from the
center of the plug weld to the edge of
the plate is not less than 1% times the
diameter of the hole for the plug.
(continuead)

Category A—El I, ASME Sec VIII Div.1 , UW12 s Joint Efficiency AA Ji
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TABLE UCS-57
THICKNESS ABOVE WHICH FULL RADIOGRAPHIC
EXAMINATION OF BUTT WELDED JOINTS IS
MANDATORY
P-No. & Gr. No. Nominal Thickness Above Which
Classification of Butt Welded Joints Shall Be
Material Fully Radiographed, in. {(mm)
1Gr. 1,2, 3 134 (32)
3Gr. 1,2, 3 35 (19)
4Gr. 1,2 % (18)
54, 5B Gr. 1 o (0
9A Gr. 1 e (18)
9B Gr. 1 % (16)
10A Gr. 1 % (19)
10B Gr. 2 % (16)
10C Gr. 1 % (16)
10F Gr. &6 %5 (1)

ASME Sec VIII Div.1, UCS57 b JolS 31,5520, sl uolins by A48 S
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STl (355 5 51 211.0) Opening OD Ly aw 53l 4 assle Ghg> b 5, Jib Lol (b adsn 450559050
D pSed 8 Jlaiae sgdun la> a5 Opening isw ol old jnds ;o Ll 55800

UW-14 OPENINGS IN OR ADJACENT TO
WELDS

UW-14(a) Any type of opening that meets the require-
ments for reinforcement given in UG-37 or UG-39
may be located in a welded joint.

UW-14¢b) Single openings meeting the requirements
given in UG-36(c)(3) may be located in head-to-shell
or Category B or C butt welded joints. provided the
weld meets the radiographic requirements in UW-51
for a length equal to three times the diameter of the
opening with the center of the hole at midlength.
Defects that are completely removed in cutting the hole
shall not be considered in judging the acceptability of
the weld.

ASME Sec VIII Div.l , UW14 gb 0l Jog> b 55, J3b a5udlo s oy gz Sgol, V- - IS
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Extent of radiography

150,

15D,

-
|
|

sheil thickness or 'z the radius of the

Minimum spacing shall be 8 times the Soe 3.7.3
operning, whichaver is less —‘ l‘

|-
¢ of butt-welded
- shsli joint "~
rs Ty
Y
£ @
=9
E —
[21]
o
3+ _ _
-E F
5 .
x O
W @
¥ Toe of weld ———

Detail &
PENETRATION WITHOUT REINFORCING PLATE

Minimum spacing shall be B imes tha . . .
sheil thickness Minimurn spacing shall be 8 times the
shell thickness or '/ the radius of the
opening, whichever is less
— Seel373 psmng .

1™ G of butt-welded *
/ shell joint \..H.,

‘ G of hutt-welded
' shel| joint '

Toe of weld

Extent of radiography

-

Reinforcing plate

Reinforcing piate

Detail ¢ Detail d Detall &
PENETRATION WITH REINFORCING PLATE

Note: L}, = diameter of opening.

Figure 3-6—Minimum Spacing of Welds and Extent of Related Radiographic Examination
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=
TABLE Uw-12 g
MAXIMUM ALLOWABLE JOINT EFFICIENCIESY® FOR ARC AND GAS WELDED JOINTS =
-
Degres of Radiographic Examination o
L]
Type Joint (al () (c)
o Joint Description Limitations Cateqgory Full? Spot? MNone
(1) Butt joints as attained by MNaone AB,C &D 1.00 0.85 0.70
double-welding or by other
means which will obain the
same quality of deposited weld
metal on the inside and outside
weld surfaces to agree with the
requirements of UW-35.
Welds using metal backing
strips which remain in place 1
are excluded. =
17
(2) Single-welded butt joint with (a) Nane except as in (h) below LB C &D 0.90 0.80 0.65 e}
backing strip other than those h) Circumferential butt joints with LB, &C 0.90 0.80 0.65 =
included under (1) ane plate offset; see IW-13(h)(4) and 9
Fig. UW-12.1, sketch (k) .
-
(3) Single-welded butt joint Circumferential butt joints anly, not AB E&C NA NA 0.60 -
without use of backing strip over %4 in. (16 mm) thick and not
aver 24 in. (610 mm) outside =]
diarmeter <
2
(4) Double full fillet lap joint (a/) Longitudinal joints not ower % A NA NA 0.55 =
in. (10 mm) thick =
(b} Circumferential joints not over B &C* NA NA 0.55
%% in. (16 mm) thick
(5) Single full fillet lap joirts with {a) Circumferential joints® for B NA N& 0.50
plug welds conforming to W= attachment of heads not over 24 in.
17 (610 mm) outside diameter to shells
not over %% in. (13 mm) thick
(b} Circumferential joints for the E NA NA 0.50
attachment to shells of jackets not
aver % in. {16 mm) in nominal
thickness where the distance from the
center of the plug weld to the edge of
the plate is not less than 1% times the
diameter of the hale for the plug.
{continued)

Joint Efficiency _wlul, 31,5 g0, coxsy:
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(2} Provisions for training, experience, qualifica-
tion, and certification of personnel responsible for equip-
ment setup, calibration, operation, and evaluation of
examination data shall be described in the Manufactur-
er’s Quality Control System [see Appendix 10].

(3} The use of Real Time Radioscopic Examination
shall be noted under remarks on the Manufacturer’s
Data Report.

UW-52 SPOT EXAMINATION OF WELDED

JOINTS

NOTE: Spot radiographing of a welded joint is recognized as an
eflective inspection tool. The spot radiography rules are also consid-
ered to be an aid to quality control. Spot radiographs made directly
afler a welder or an operator has completed a unit of weld proves
that the work is or is not being done in accordance with a satisfactory
procedure. 1f the work is unsatisfactory. corrective steps can then
be taken to improve the welding in the subsequent units. which
unquestionably will improve the weld quality.

Spot radiography in accordance with these rules will not ensure
a fabrication product of predetermined quality level throughout It
must be realized that an accepted vessel under these spot radiography
rules may still contain defects which might be disclosed on further
examination. If all radiographically disclosed weld defects must be
eliminated from a vessel, then 100% radiography must be employed.

(a) Butt welded joints which are to be spot radio-
graphed shall be examined locally as provided herein.

(b) Minimum Extent of Spot Radiographic Exami-
nation

(1) One spot shall be examined on each vessel
for each 30 ft (15.2 m) increment of weld or fraction
thereof for which a joint efficiency from column (b)
of Table UW-12 is selected. However, for identical
vessels, each with less than 50 ft (152 m) of weld
for which a joint efficiency from column (b) of Table
UW-12 is selected, 30 ft (13.2 m) increments of weld
may be represented by one spot examination.

(2) For each increment of weld to be examined,
a sufficient number of spot radiographs shall be taken
to examine the welding of each welder or welding
operator. Under conditions where two or more welders
or welding operators make weld layers in a joint, or
on the two sides of a double-welded butt joint, one
spot may represent the work of all welders or welding
operators.

(3} Each spot examination shall be made as soon
as practicable after completion of the increment of
weld to be examined. The location of the spot shall
be chosen by the Inspector after completion of the
increment of welding to be examined, except that when
the Inspector has been notified in advance and cannot
be present or otherwise make the selection, the fabricator
may exercise his own judgment in selecting the spots.

(4) Radiographs required at specific locations to
satisfy the rules of other paragraphs, such as UW-9(d),
UW-11(a)(5)(b), and UW-14(b), shall not be used to
satisfy the requirements for spot radiography.

fc) Standards for Spot Radiographic Examination.
Spot examination by radiography shall be made in
accordance with the technique prescribed in UW-51(a).
The minimum length of spot radiograph shall be 6 in.
Spot radiographs may be retained or be discarded by
the Manufacturer after acceptance of the vessel by the
[nspector. The acceptability of welds examined by spot
radiography shall be judged by the following standards.

(1) Welds in which indications are characterized
as cracks or zones of incomplete fusion or penetration
shall be unacceptable.

(2) Welds in which indications are characterized
as slag inclusions or cavities shall be unacceptable if
the length of any such indication i1s greater than 2ht
where ¢ is the thickness of the weld excluding any
allowable reinforcement. For a butt weld joining two
members having different thicknesses at the weld. 1 is
the thinner of these two thicknesses. If a full penetration
weld includes a fillet weld, the thickness of the throat
of the fillet shall be included in «. If several indications
within the above limitations exist in line, the welds
shall be judged acceptable if the sum of the longest
dimensions of all such indications is not more than ¢
in a length of 6¢ (or proportionately for radiographs
shorter than 6f) and 1f the longest indications considered
are separated by at least 3L of acceptable weld metal
where L is the length of the longest indication. The
maximum length of acceptable indications shall be ¥
in. (19 mm). Any such indications shorter than Yj in.
(6 mm) shall be acceptable for any plate thickness.

(3) Rounded indications are not a factor in the
acceptability of welds not required to be fully radio-
graphed.

(d) Evaluation and Retests

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

(2) When a spot, radiographed as required in
(b)1) or (b)}2)above, has been examined and the
radiograph discloses welding which does not comply
with the minimum quality requirements of (¢)(1) or
(c)(2) above, two additional spots shall be radiographi-
cally examined in the same weld increment at locations
away from the original spot. The locations of these
additional spots shall be determined by the Inspector

UWS2 gb Les cou o5k 0 Spot Radiography :\- ¥ S
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UW-52

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

(a) If the two additional spots examined show
welding which meets the minimum quality requirements
of (¢)(1) and (¢)(2) above, the entire weld increment
represented by the three radiographs is acceptable pro-
vided the defects disclosed by the first of the three
radiographs are removed and the area repaired by
welding. The weld repaired area shall be radiographi-
cally examined in accordance with the foregoing require-
ments of UW-52.

(b) 1f either of the two additional spots examined
shows welding which does not comply with the mini-
mum quality requirements of (c)(1) or (c)(2) 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 radiographed and only defects need be corrected.

(c) Repair welding shall be performed using a
qualified procedure and in a manner acceptable to the
Inspector. The rewelded joint, or the weld repaired
areas, shall be spot radiographically examined at one
location in accordance with the foregoing requirements
of UW-52.

UW-53 TECHNIQUE FOR ULTRASONIC
EXAMINATION OF WELDED

JOINTS

Ultrasonic examination of welded joints when re-
quired or permitted by other paragraphs of this Division

2001 SECTION VIII — DIVISION |

UW-65

shall be performed in accordance with Appendix 12
and shall be evaluated to the acceptance standards
specified in Appendix 12. The written examination
procedure shall be available to the Inspector and shall
be proven by actual demonstration to the satisfaction
of the Inspector to be capable of detecting and locating
imperfections described in this Division.

MARKING AND REPORTS

UW-60 GENERAL

The provisions for marking and reports, UG-115
through UG-120, shall apply without supplement to
welded pressure vessels.

PRESSURE RELIEF DEVICES

UW-65 GENERAL

The provisions for pressure relief devices, UG-125
through UG-136, shall apply without supplement to
welded pressure vessels.

(aalol) UWS2 5.l jLis cov 3lke ,o Spot Radiography V- § s
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Uw-11 RADIOGRAPHIC AND
ULTRASONIC EXAMINATION

(a) Full Radiography. The following welded joints
shall be examined radiographically for their full length
i the manner prescribed i UW-51:

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

(2) all butt welds in vessels in which the nominal
thickness [see (g) below] at the welded joint exceeds
1% in. (38 mm). or exceeds the lesser thicknesses
prescribed m UCS-57, UNF-57, UHA-33, UCL-35. or
UCL-36 for the materials covered therein, or as other-
wise prescribed in UHT-57, ULW-51, ULW-52(d),
ULW-54, or ULT-57: however, except as required by
UHT-57(a), Categories B and C butt welds in nozzles
and communicating chambers that neither exceed NPS

10 nor 1% in. (29 mm) wall thickness do not require
any radiographic examination:

UWII 5 wgs sl JolS 81,5 g0l b aS g9 190 1) 0 JS&

35S 55 cwles 5 10" 51 2555 Gl < (@)(5)(b) BISTL 5o (3 (nl yo el SPOt Ll (31 ,S 0], Comdg o5 3l 50
A5yl Sl a5l 11/8" (29mm)

(b) Spot Radiography. Except as required in (a)(5)(b)
above, butt welded joints made in 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 spot radiography. Spot radiography
shall be in accordance with UW-52. If spot radiography
1s specified for the entire vessel, radiographic examina-
tion i1s not required of Category B and C butt welds
in nozzles and communicating chambers’ that exceed
neither NPS 10 nor 1% in. (29 mm) wall thickness.

* Communicating chambers are defined as appurtenances to the vessel
which intersect the shell or heads of a vessel and form an integral
part of the pressure containing enclosure, e.g.. sumps.
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(d) Evaluation and Retests
(1) When a spot. radiographed as required in
(b)(1) or (b)(2) above, is acceptable in accordance
with (c)(1) and (c)(2) above, the entire weld increment
represented by this radiograph is acceptable.

(2) When a spot, radiographed as required in
(b)(1) or (b)(2) above, has been examined and the
radiograph discloses welding which does not comply
with the minimum quality requirements of (c)(1) or
(c)(2) above, two additional spots shall be radiographi-
cally examined in the same weld increment at locations
away from the original spot. The locations of these
additional spots shall be determined by the Inspector

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

(a) If the two additional spots examined show
welding which meets the minimum quality requirements
of (c¢)(1) and (c)(2) above, the entire weld increment
represented by the three radiographs is acceptable pro-
vided the defects disclosed by the first of the three
radiographs are removed and the area repaired by
welding. The weld repaired area shall be radiographi-|
cally examined in accordance with the foregoing require-
ments of UW-52.

(b) If either of the two additional spots examined
shows welding which does not comply with the mini-
mum quality requirements of (c)(1) or (e)(2) 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 radiographed and only defects need be corrected.
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a) Yield Strength < 42000 psi
b) 42000 psi < Yield Strength <65000 psi
¢) Yield Strength > 65000 psi

Jbye (Guds alwo B

5.4.2.2 Base Material

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

a. Specified minimum yield strength less than or equal (o
42,000 psi (290 MPa).

b. Specified minimum yield strength greater than 42,000 psi
(290 MPa) but less than 65,00 psi (448 MPa).

¢. For materials with a specified minimum yield strength
greater than or equal to 65,000 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-
rials or filler metals of different analyses within a group may be indis-
¢riminately substituted for a material that was used in the qualification
test without consideration of the compatibility of the base matenals
and filler metals from the standpoint of metallurgical and mechanical
properties and requirements for pre- and post-heat treatment.
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Table 1 Fillor Matal Groupe
AW
Group  Specification Elagrode Flux®
1 A5 E6010, E6O1 1
ASS ET0I0.ETO1L
2 ASS E&010, E8OLL
EQOND |
1 AS 1 ar ASS ETOLS, ET006, ETOIE
ASS ERG1S, E8ONG, EROIE
E9018 1 - .
Mote: Ciher electrodes, filler metals, and fluxes may be used bul
44 AS. 1T ELE PEXT require separate procedure gualifieation,
ELRK Faxo Aamy combnation of flux and electrode in Group 4 may be used 10
ELIZ FaX2 qualify a procedure. The combination shall be wentified by its com-
EMSK FI%7 pletc AWS clasafeation number, such as FTAO-ELI2 or FaA-
EMIZE %0 End 2K, Only substimtions that result in the same AWS classificas
EMIIK e tien number are permitted withou requalification.
ba shiclding gas (see 5.4.2.10) shall be used with the elecrrodes in
EMI3K =
Croup 5,
sk A58 ERT0E-2 ®ln the flux desigmation, the X can be sithet an A of P fof As Welded
AS IR FRS- OF PosL-Weld Hear- Tremed.
A58 ERENS-D2 dFor root-pass welding only.
ASZE ER905-0
L L RG&D, ROGS
) ALD EBaIT-054
CTITGS!
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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 qualified
repair welding procedure is required to be used whenever a
repair is made to a weld using a process different from that
used to make the original weld or when repairs are made in a
previously repaired area.

APT 1104 15 pass copndg V) - JS5
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Table 2—Type and Number of Test Specimens for Procedure Qualification Test

Ouiside Diameter of Pipe Number of Specimens
Tensile Nick- Root Face Side
Inches Milhmetres Strength Break Bend Bend Bend Total
Wall Thickness < (1L.500 inch (12.7 mm}
<2375 <60.3 Qb 2 2 0 0 42
2.375-4.500 60.3-114.3 ob x 2 0 0 4
> 4.500-12.750 114.3-3239 2 2 A 2 0 8
>12.750 >3239 4 4 4 4 0 16
Wall Thickness > 0.500 inch (12.7 mm)
< 4,500 <1143 oh 2 0 0 2 4
=4.500-12750 > 114.3-3239 2 2 ¥ 0 4 g
> 12.750) > 3239 4 4 0 0 8 16

10ne nick-hreak and one root-bend specimen shall be taken [rom cach of two test welds. or for pipe less than or equal to 1.315 inches (33.4 mm)
in diameter, one full-section tensile-strength specimen shall be taken,
YFor materials with specified mintmum yield strengths greater than 42.000 psi (200 MPa). & minimum of one tensile test shall be required.

PQR ;5 lews g45 g olaws V)Y S
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APPENDIX J—SUMMARY OF DIFFERENCES BETWEEN PSL 1 AND PSL 2
(INFORMATIVE)
Parameter PSL1 PSL2 Reference

Grade range A25 through X70 B through X80 Table |1
Size range 0,405 through 80 4Y; through 80 Table |
Type of Pipe Ends Plain-end, threaded-end; Plain-end Table |

belled-end; special coupling pipe
Secam welding All methods; continuous welding  All methods except continuons — Table |

limited to Grade A25 and laser welding
Electric welds: welder frequency No minimum 100 kHz minimum 5.1332
Heat treatment of electric welds Required for grades > X42 Required for all grades 5.1.3.3.0; 51332, 627

(B through X80}
Chemistry: max C for seamless pipe  0.28% for grades 2 B 0.24% Tables 2A, 2B
Chemistry: max C for welded pipe 0.26% for grades = B 0.22% Tables 2A, 2B
Chemistry: max P 0.030% for prades = A 0.025% Tables 2A, 2B
Chemistry: max S 0.030% 0.015% Tubles 24, 2B
Carbon Equivalent: gglya when purchaser specifies Maximum required for each prade 4.2;4.3; 6.1.3; SR15.1
H
Yield Strength, Maximum Mone Maximum for each grade Tables 3A, 3B
UTS, Maximum MNone Maximum for each grade Tables 3A, 3B
Fracture Toughness None required Required for alt grades 6.2.6,9.3.5;9.8.4;9.10.7;
Tabde 14

Nondestructive inspection of seamless  Only when purchaser specifies  SR4 mandatory 8.7.26

SR4
Repair by welding of pipe body, plate, Permitted Prohibited 532,9746;B.1;B.2
and skelp
Repair by welding of weld seams with- Permitted by agreement Prohibited 43;,9.744;9.76.B.1.2; B4
out filler metal
Cenification g;mﬁﬁcms when specified per  Centificates (SRI5.1) mandatory 12,1

I

Traceabilivy Traceable only until all tests are  Traceable after completion of 5.6

passed, unless SR 15 is specified  tests (SR15.2) mandatory

API5L ,sPSL 2y PSL 1 flio )Y S
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C.3 Welding Personnel Performance
Qualification

C.3.1 QUALIFICATION
C3.1.1 General

Each repair welder and operator is required to qualify. A
repair welder or operator qualified on one grade category is
qualified for any lower grade category provided the same
welding process is used.

C.3.12 Testing

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

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

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

¢. Two nick-break lests per C.2.2.4 of this appendix.

G s gz Loyl 5 NVY S
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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 (sec note). Jointer welds fatling to
pass this radiographic lesting 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 requirements on jointers.

API 5L 15 o b i s VY IS
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9.7.3.9 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 Observed During
Radlological 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 {see note),

The imporanl factors 1o be considered in determining
rejection or acceplance limits are size and spacing of disconti-
nuities and the sum of the diameters in an cstablished dis-
tance. For simplicity, the distance is eslablished as any 6 in.
(152.4 mm} length. Discontinuities of this type usually occur
in an aligned pattemn, but no distinction is made between
aligned or scattered pattems. Also, the distribution pattern
may be of assorted sizes.

Notc: Unless the discontinuilies are elongated, i cannot be deler-
mined with assurance whether the radiological indications represent
slag inclusions or gas pockets. Therefore, the same limits apply to all

circular-type discontinuities.

9.7.3.11 Defects Observed During Radiological
Inspection

Cricks, 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 8, as indi-
caled by radiological examination, shall be considered
defects. See 9.7.6 for dispasition of pipe containing defects.

9.7.3.12 Dispaosition of Defects Observed During
Radiological Inspection

Any weld defect detected as a result of radiological exami-
nation shall b rejected. Disposition of the pipe containing the
defect shall be in accordance with 9.7.6.

API 5L a)lajt:.wl 50 RT .la.\.:y ouds oddlive V9 D9 u»).n.\a IRTREN AVY Jiu)
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Examps 1: Ted Ve i (3.2 me) decoclinuties

Exompia Z Ond " in, (3.2 mm), ol e in, (1.8 mm), we Yz n 000 s disconinuitios

L . R

Examplo 3 O Ve in. (2.2 mm), ora e in. 08 men], s T in, (04 mm) disconirulies

Exarmpla 4 Four Vi in. (1.6 mm) cisconiinidles

Exampla 5: Tao i in {18 men), four Va2 in. §0.8 men) discontinuiies

Exampie & Eight 'z in. (0.8 mm) dsconlinuities

Exampie 7- Sixoon Ve i (04 men) disooninuiie:

-

Exampin B: Scattared, Theaa s i, (0.8 mm), 1en L n (0.4 mm) dsooninukns

Figure T—Examples of Maximum Distibution Pattems of Indicated Circular Slag-Inclusion and

Gas-Pockat-Type Discontinuties
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Example 1: One 1fzin. (12.7 mm) discontinuity

L] =

Example 2: Two /4 in. (6.4 mm) discontinuitios

Example 3: Theee Yain. (3.2 mm) discontinuities

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

Any lamination or inclusion extending into the face ar
bevel ol the pipe and having a visually determined transverse
dimension exceading 1/ in. (6.35 mm) is considered a defect.
Pipe containing such defects shall be cut back until no lami-
nation or inclusion is greater than 174 in. (6.35 mm).

Any lamination in the body of the pipe exceeding both of
the fullowing is considered a defeet:

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

Disposilion of such defects shall be in accordance with
9.7.6, ltem ¢ or d, No specific inspection by the manufacturer
is required untess the purchaser specifies spacial nondestruc-
tive inspection on the purchase order,

Note: A lamination is an internal meta! separation creating layers
generally parallel 0 the surface.

Lamination jlxe ;e VY S
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Table 7—Tolerances for Diameter of Pipe Body

Tolerance® (with respect to specified outside

Size diameter)
<23 +0.0161n., - 0,031 in. (+ 0.41 mm, - (.79 mm)
2 2%/ and < 4!/,, continuous welded = 1.00%
z2%gand <20 +0.75%
2 20, seamless + 1.00%
2 20 and < 36, welded +0.75%, - 0.25%
> 36, welded + lgin, = g in. (+6.35 mm, - 3.20 mm)

n 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.

FUNIERVEN P U E R | g LW

Table 8—Tolerance for Diameter at Pipe Ends

Oul-of-Roundness

Maximum Differential
Between Minimam and
Maximum Diamelers

End-to-End Diameter, Axis Tolerance {Applies Only to Pipe
Size Minus Tolerance  Plus Tolerance Tolerance {Percent of Specified QD With D £ 75)
< 105, 164 (0.40 mm) Y6 (.59 mm) — —_— —_
> 10% and £ 20 1735 (0.79 mm) 332 (2.38 mm) — _— —
>20and <42 1122 (0.79 mm) 3131 (2.38 mm) b + 1% £ 0500 n. {12.7 mm)
>42 1745 (0. 79 mm) 332 (2.38 mm) b *+ 1% <0.625in. (159 mm)

imum and minimum: diameters,

other end.

40ut-of-roundness tolerances apply to maximum and minimum dinmelers as measured with a har gage, caliper, or device measuring aciual inax-

YThe average diameter (as measured with a diameter tape) of one end af pipe shall not differ by more than 32 in. (2.38 min) from that of the

s) sl Jab oills 10 U

Table 9—Tolerances for Wall Thickness

Tolerance? (Percent of Specified Wall Thickness)

Size Type of Pipe Grade B or Lower Grade X42 or Higher
<2k All +20.0,-125 +15.0,-12.5
> 2Mg 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

tolerance,

#Where 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

gl §)l5s5 Caslies Luilyls VP S
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7.8.1 Dents

The pipe shall contain no dents greater than !/ in.
(6.35 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 ¥ in. (3.18 mm) with a sharp bottom gouge shall be con-
sidered a defect. The gouge may be removed by grinding.

API 5L s Lo 4y jlxe Dent VY- S
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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 shali be as follows:
I. Undercut defects not exceeding !/3; in. (0.79 mm) in
depth and not exceeding 121/,% of the specified wall
thickness shall be removed by grinding in accordance
a. Minor undercutting on either the inside or the outside of ~ With 9.7.6, ltem a.

the pipe is defincd 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
be in accordance with 9.7.6, Item b, ¢, or d.

Undercutting of submerged-arc or gas metal-are 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,

I. Maximum depth of /3, in. (0.79 mm) and not exceed-
ing 12'42% 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 fi (0.30 m)
of the weld length,

API 5L ,» Under Cut :\Y) S
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