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.9 AWS 9 ASME 9 API LSLKDQ)‘AJL'LNJ‘ Lgoﬁ)lf 809> (59)_;9 -
il oo HS3 il Al o w4 Ll 550 40 il sloolailiul a5 Lleise AWS WHB-5 CH-6 s
578 CHAPTER 9—MAINTENANCE AND REPAIR WELDING AWS WELDING HANDBOOK 9.4
Table 9.2
Product Classifications Covered by Standards Issued by Various Organizations
Product AAR AASHTO ABS AISC APl AREMA ASME NBBPVI ASTM AWS AWWA FED PFI SAE UL
Base metals X X X X X X X X X X X
Bridges X X X X
Buildings X X X
Construction equipment X X X
Cranes, hoists X X
Elevators, escalators X
Filler metals X X X X X
Food, drug equipment X
Machine tools X X
Military equipment X
Power-generation equipment X X X X
Piping X X X X X X X X
Presses X
Pressure vessels, boilers X X X X
Railway equipment X X X
Sheet metal fabrication X
Ships X X X
Storage tanks X X X X X
Structures, general X X X
Vehicles X X X

AWS d""‘ IVEN Lchbo)‘..\.ill.w‘ ‘_goﬁ)lf 039> : \).3.9.,4?

ABBREVIATIONS
Table 6.1-(AWS WHB-5 CH*6)

Sources of codes and standards of interest to the welding industry

AAR Association of American Railroads

AASHTO |American Association of State Highway andTransportation Officials
ABS American Bureau of Shipping

AISC American Institute of Steel Construction

API American Petroleum Institute

AREA American Railway Engineering Association
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials

AWS American Welding Society
AWWA American Water Works Association
FED Facilities Engineering Division

NBBPVI |National Board of Boiler and Pressure Vessel Inspectors
UBPVLS |Uniform Boiler and Pressure Vessel Laws Society
PFI Pipe Fabrication Institute

SAE Society of Automotive Engineers

AWS b calise glao,lasbis] Slastin ¥ a5
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American Welding Society”
AWS-(American Welding Society)
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SETTING THE STANDARD
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ASME xS
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ASME-(American Society of Mechanical Engineers)
Ju s :ASME Sec. 11

2l sla Jb e :AASME Sec. II Part A

! e sla b e :AASME Sec. II Part B

Ll L3 5 g xSl lasie : ASME Sec. II Part C
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(Butt Welding End): ASME B16.25
(Orifice Flanges):ASME B16.36

gol P BYF nle )l oYlasl g b mld solsl wlaxis :ASME B16.47
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AR (HEATING, VENTILATION, AIR CONDITIONING COOLING,
REFRIGERATION)
CE (CIVIL)
EL (ELECTRICAL)
GM (GENERAL MACHINERIES)
GN (GENERAL)
IN (INSTRUMENT SYSTEM)
M (FIXED MECHANICAL EQUIPMENT )
PI (PIPING & PIPELINES)
PM (PROCESS MACHINERIES )
PR (PROCESS CHEMICAL)
SF (SAFETY, FIRE FIGHTING & ENVIRONMENTAL POLLUTION COTROL )
TP (TECHNICAL PROTECTION)
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What is ASME ?
A - always — American
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M - maybe — Mechanical
E - except - Engineers
“ ASME ”’ is the trademark of

American Society of Mechanical Engineers
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Steam pressure (psi)

8

Boiler explosions in the United States
8

o '} L L 'l '} '} 'l 'l a
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980
Year
Effective application of ASME codes and standards

resulted in a dramatic decline in boiler explosions.

Jlo oo o o o lig jlxail loges i F gl
20k el lm led (a5 ad g VA4V Lo s Casgrlule SUT s Sl (2lib 4 by e (lsd sl
B R P e P TPV P RS VRPSICI-E VPPN [ PP RN RCIFOVE IR BRER VRS U VT SO RN
omezsl 4 00l 6l VA0 JLo 45,08 10 o (Section I -Power Boiler) i (Section) iz gl wiass ags
(500,555 0 ead 53 sledle o s Section [Ks 5 a4l
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-Div. 1-2019 s laits! - m
il 0als ags Division aw 0 ASME Sec. VIII s laste!

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)

dopod ¥ g dcgemme 3 ¥ Joli a5 ol Jlid cog o5l (>l 4 by e ASME Sec. VIII Div.1 s, laibel
(Nonmandatory) s,s,o pé b dewes g0, L (Mandatory) ,s,e slo aspos 2l (Appendix)
Wl oad (saiy dis (15Y By L

g g4 ,bb Appendix 16 4 (Q.C. Plan) coas J,uS aiw; 0 o3Y wledbl Appendix 10 (Jle lgie
ol p St solgiin sles 3,90 ;0 Appendix R g oes o )13 L Lzl 0|, ASME 5l foew

23l sals (6,135 (Subsection A Subsection B Subsection C) lgie e b acgozo s

3ged 4y 55 SIS 4 Sl b degezme ) (nl 9)90 )0 yiivn DMLl 6l
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iz 5l plaS e A acgezmon; 5l e ASME Section VIII Div.1 s lstsl (A, B & C) sl acgomma
SaelS 0aisS asein “U” G ail suds g9,0 U7 cacdSl By b lpiide ol (gdon a5 3l ool K25 isu
o 5 Lowiius L8 oo y3bee ol s el Ble )T ailia b (25T b islas it pule3  2ae 4 “Unfired”

ol 00 0310 rsgi el 0 s ASME Section I-2017 o skl glaml ;o ggog0 cplaijlas 15 251

PREAMBLE

. . . 1 . . 2 L. . 3.
This Code covers rules for construction of power boilers,” electric boilers,” miniature boilers,” high-temperature
water boilers,* heat recovery steam generators,s solar receiver steam generators,ﬁ certain fired pressure vessels,’

motive, portable, and traction service. Reference to a paragraph includes all the subparagraphs and subdivisions under
that paragraph.

A pressure vessel in which steam is generated by the application of heat resulting from the combustion of fuel (solid,
liquid, or gaseous) or from solar radiation shall be classed as a fired steam boiler.

Unfired pressure vessels in which steam is generated shall be classed as unfired steam boilers with the following

exceptions:
(a) vessels known as evaporators or heat exchangers

(b) vessels in which steam is generated by the use of heat resulting from operation of a processing system containing a
number of pressure vessels such as used in the manufacture of chemical and petroleum products
Unfired steam boilers shall be constructed under the provisions of Section I or Section VIIL

! Power boiler — a boiler in which steam or other vapor is generated at a pressure of more than 15 psi (100 kPa) for use external to itself.

2 Electric boiler — a power boiler or a high-temperature water boiler in which the source of heat is electricity.

3 Miniature boiler — a power boiler or a high-temperature water boiler in which the limits specified in PMB-2 are not exceeded.

* High-temperature water boiler — a water boiler intended for operation at pressures in excess of 160 psi (1.1 MPa) and/or temperatures in
excess of 250°F (120°C).

® Heat recovery steam generator (HRSG) — a boiler that has as its principal source of thermal energy a hot gas stream having high-ramp
rates and temperatures such as the exhaust of a gas turbine.

& Solar receiver steam generator — a boiler system in which water is converted to steam using solar energy as the principal source of ther-
mal energy. The solar energy is typically concentrated onto the solar receiver through the use of an array of mirrors that focuses solar radiation
on the heat transfer surface.

7 Fired pressure vessel — reheaters, isolable superheaters, economizers located outside the limits of boiler external piping, and nonintegral
separately fired superheaters.

¥ Liquid phase thermal fluid heater - a pressure vessel where a fluid other than water is heated but in which no vaporization of the fluid takes
place.

ASME Section [-2017 s Juites! 5l Unfired <o x5 : 0 pguas
I s ol slajls Sz slajhs ( 3y slobs Glu adg slajhe cole slp (il Jols oS (ol iaez
5 ol gl g 50 85 o B )l Jlew slo e 5 Certain Fired jLud cos jloe lou 0 g sle gl i3
SoFge Slead 5 Jo> LB g (Bse slaslig aigesSo) ln oS L oy lashie 8 9 Wed (e oolinul SLo
QS (o Nigd oo ool
b el 955 oo Sdgi S5 L mule el Cge Jldl 5 86 glo,S alsss Ll Ll a5 oylid cou e
Isoable 4 jun pgw o 5 oiile wigh 48,3 Ll o Fired sla,bg oloxe
ey 5 obliiel ol oo bo)S b (55T (om0 40 e gl a5 sitwa Sjbke Unfired jLis cov 5l
il oo Unfired [Lesd cos ;b
gl o a3lid 0atS ;5 b (L)S) )l S plsie 4 a5 3 - (a)
Cos Gile olaws sl Jetine o] piam o Sldes 51 (56 sl F dlewg Ll b o5 gl — (b)
53,5 oo Slomyl i oo ooliiasl 2 Slge g osland Y garme cily jo a5 Lid
ASME »,lateal 51 (Sec: VIII) cua iso b (Sec: 1) 6 Liso olgd cow b Unfired o odg sla,bg
gl aslo

il (o0 2 Trb 4 e dsgezme ) cnl ade
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Subsection A : Consists of Part UG,
Covering the General requirements applicable to all pressure vessels.
A3l oo Lla ) Jlad con 3 saed sl ol g pY dal s &S oS UG s Juls @ Subsection A
Subsection B : Consists of Parts UW, UF, UB
Covers specific requirements that are applicable to the various methods used in the
fabrication of pressure vessels. It consists of Parts UW, UF, and UB dealing with:
UW : Welded
UF : Forged
UB : Brazed
methods, respectively.
2l el g oY bl s sadS a5 el UW, UF, UB slo iso Jolis acgome ;5 ol - Subsection B
= (UF) Sz 5 5 (UB) ()1 uod (UW) (6, S5 Jols 5 ol Lad o (50 il iz slocis,

.)9.....:
Subsection C : Consists of Parts UCS, UNF, UHA, UCI, UCL, UCD, UHT, ULW, and ULT
Covers specific requirements applicable to the several classes of materials used in pressure
vessel construction. It consists of Parts UCS, UNF, UHA, UCI, UCL, UCD, UHT, ULW,
and ULT dealing with:
UCS : Carbon and low alloy Steel
UNF : Non Ferrous metals
UHA : High Alloy steels
UCI : Cast Iron
UCL : Clad and Lined material
UCD : Cast Ductile iron
UHT : Ferritic steels with properties enhanced by Heat Treatment
ULW : Layered construction
ULT : Low Temperature materials
<wl UCS, UNF, UHA, UCI, UCL, UCD, UHT, ULW, ULT L% acgezae,; ol : Subsection C
o Q)‘Léu ol I oslaiwl LS‘)-.' il slpwdS I Q‘s.o 6‘).3 ‘5{‘);?‘ 9 ra)'\] -Ia;‘).w sads Lg‘)b Acgoo ) Q.g_‘
sl o jlad
ST S 5 s)S slaoYsd 4 bg e (isn 0l H(UCS)
(pglis 9 oo poninodd] Jio) (2ol 18 sla Jb e 4 bgyye 23w cnl -(UNF)
(ool il Ji0) YU 5LIT slls slaaYgd 4 by o idw ol -(UHA)
(g Jie) ¢ a5 glo Jbyie & by (i3 0l o ~(UCI)
el 0l 00l U’“‘“’ﬁ" La (5)“'\§ 4.,31 s.)jLa...n B La )i.nb ‘5“.:).*.,0 A.L..wy as LS’LQ Jl.:)...a aQ Joyfo w?u U"‘ —(UCL)
e o 1y Tl ol oo ools iingy il il JU i b )] el G a5 Ll 0,8 oYsd o)
(S pglie (S0 )95
(S 7S paz J20) £ g pdy Sllasil 65 b, sl Ju e 4 bgyye (23 02 -(UCD)
el Y sz il 4 by e e cpl -(ULW)

el lin Gio 3) el slos Laslys sl LesT 5l ool 4 conl o Jb e & bogyye i o2l -(ULT)
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ASME Sec. VIII Div. 1-2019 s fuibies! (63 0,08 <dlao 31 g o 35 — (Y
ASME Sec. VIII Div. 1 o).;)lf Sodgdce - M

u-1

{e} In relation to the geometry of pressure-containing
parts, the scope of this Division shall include the
following:

{1) where external piping; other pressure vessels in-
cluding heat exchangers; or mechanical devices, such as
pumps, mixers, or compressors, are to be connected to
the vessel:

{-a} the welding end connection for the first cir-
cumferential joint for welded connections [see
UW-13(i)];

{-b} the first threaded joint for screwed
connections;

{-c} the Face of the first flange for bolted, flanged

{2) where nonpressure parts are welded directly to
either the internal or external pressure-retaining surface
of a pressure vessel, this scope shall include the design,
fabrication, testing, and material requirements estab-
lished for non-pressure-part attachments by the applic-
able paragraphs of this Division;*

(3) pressure-retaining covers for vessel openings,
such as manhole or handhole covers, and bolted covers
with their attaching bolting and nuts;

{4) the first sealing surface for proprietary fittings or
components for which rules are not provided by this Divi-
sion, such as gages, instruments, and nonmetallic
components.

connections;
{-d) the first sealing surface for proprietary con-
nections or fittings;

ASME SeC. VIII D1V1-2019 oﬁ)lf (G009 i Rgas

10 3,15 aols

Db 25 8,50 Jald ciasl isu cpl )5 asls lad cog Slakad sawaie pgas o U-1 (&) G151, -
e 5 L poSn o g il (Sl i o (slefie aloz | Ui ot iln b a5 335 (1)
10,5 e (35 4 Ggm (Sl (245 Ay pitenn
(25 oS UW-13 (1) GLSLL ) lame oo olsleisyz YLail 3 (-a)
! 095y Jlasl odsl sl o3, w¥Lasl o (<b)
o ey gl ol s il YL 5 (-0)
ot st o s ol i it b bl Lo (-d)
Jlad gl as jlad cow 35 1 (alaw 4y el gk (NONpressure parts) [Lid adls wlelad 84 -(2)
o= 8o lS Sl GLBlShl gy (Sl ()1 el (al i (6, sz il (oo (A JLid 505 (25
ol Las 436 Slabad gl o 4l e Slalill 5 00,5 SialesT wiiilo (oo lb Lol i
=50 Lo azu 0 L (Manhole) 5, sol slo azu ,0 azed (55 sladiie lp ,lad cov sla a0 (3)
3l o0 ds L o0 5 e Ylasl L aS” sle a0 9 (Handhole)
olg 8 s slaké L, (proprietary fittings) o5 4 <Ylasl sl (sealing surface) sow ol mlaw (sl -(4)
. (nonmetallic) g3l e Slakad g 580 Iyl Lilos do 725 emed .ol o0l ags [idu opl abowgs Ll 4 by o
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Hlad cov 5 oy o Out-of-Roundness 4,5 ;.5 -m

S 1% §) i wls b ke o 55 5 oyt YlsI ASME Sec. VIIT Div.1-2019-UG-80.2 b

D max.

D 0 2018 mm
D ,in 0 1998 mm
D max.

— D ,in. < 1% Nominal Diameter
Example: Nominal Diameter = 2000 mm — 1% =20 mm

—D i 2018 — 1998 =20 mm — = 1% =20 mm

Out-of-Roundness of this Shell plate is acceptable.
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UG-80 PERMISSIBLE OUT-OF-ROUNDNESS OF
CYLINDRICAL, CONICAL, AND
SPHERICAL SHELLS

(a) Internal Pressure. The shell of a completed vessel
shall be substantially round and shall meet the following Figure UG-80.2
requirements: Example of Differences Between Maximum and
(1) The difference between the maximum and mini- Minimum Inside Diameters in Cylindrical,
mum inside diameters at any cross section shall not ex- Conical, and Spherical Shells
ceed 1% of the nominal diameter at the cross section

under consideration. The diameters may be measured T

on the inside or outside of the vessel. If measured on \ ‘
(2) When the cross section passes through an open- \

ing or within 1 L.D. of the opening measured from the cen-

ter of the opening, the permissible difference in inside \‘

diameters given above may be increased by 2% of the in-
side diameter of the opening. When the cross section
passes through any other location normal to the axis of
the vessel, including head-to-shell junctions, the differ-
ence in diameters shall not exceed 1%.

ASME Sec. VIII D1v.1-2019 , UG 80 &b 5l jlxe p,8 pois A pguas
ASME Sec. VIII Div.1-2019-(UG-81) jLed o oyl jo b (SIS S g 0,8 il yols - W
‘s SIS .il,sl : (TOLERANCE FOR FORMED HEADS) UG-81 (ol 51,1, — a3
o5 Torispherical, Toriconical, Hemispherical, or Ellipsoidal 3 owea La SIS glgsl A3ls mlans
e b L)l atls Glol 31 Gy & (%) 51 s s ) Gy &0 e ki (1 %4%) ) i
g 9 99— (5 S ojlasl SIS mhaws  Sgee b Bl il plcwl oy 4 SIS Jlasl oy JSs jhd les
Db eads Laseine o3l 5l S wls (Knuckle) gles asls o9

Ellipsoidal Heads Torispherical Heads

Source:CASTI Guidebook to
ASME Section VIII Div.1
Pressure Vessels-Third Edition

i €9 90 SlelSa A pgal

oads atle gl SIS Crown gl ¢ ,.8 o3l gogmo o\ + 5
S gl 55 ojlail Gogzi ) ¢ pguald
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NOTE H=R+b-NR+b—(D/J)] xR +D)+D2-2(r+b)
Design of torispherical ends concave to pressure.

Source: Intemet

e S o dlone Jpo 5 VY g

Pt S50 sl gl so aisle 55 3 ol LS 9,90 sbﬂyw Hlad cod yibe ol sle &S Ll o
Swle,d s Torispherical g4 5l SIS el 50956 3,90 50 Il 4 UG-81 B3I 51,4 LJlas

22765 (o0 )8 (il )90 (RS U5 g (B (ompb Lawgs Al e wiz o0 (SIS SG Sl s
Jbyie a5 05 ol liebol b 04l J 508 ot Caalbed olSiws dlwgs b adgl 00,5 5 51 L8 SIS L e =)
25k oo (Lamination) 5,5 cwe sogasy coe 4355 o 5l s)le )l 0,50
Sl 6yt Oty 995 oo s ol 0dd i 4k, a5 glad o b adyl 00,5 (B et b Y
e Sy g slal 4 Gbls S e gled Billae sl wiles S35 S pe |y e B Jole o il
o S e S 5 5 il 3y gl ol 45 S g (o318 (sl 51 Vgmn) 536 2ol 5,5 iz
D9 oo JysS UG-81 illae oy glads oysbles 5l oolatwl b oy Sldas plas! 5 uy S

b osblis glads ugd aSs jgha ao H18 SIS 130s mhaws (59, p 9508 Oz 1) ysblis ol b w36 UG-81 5.0
Al alils 052y > an Gl S > ol jo il (S SIS Bl esd
ol 00l 8550 9 JToasl (SIS sl Sy (SIS J5ls slissl b gl s g Lisl asslis (A
o anl adle albld IS LSl mdaw U abhls oy Cand Jg dunon SIS L3I slodl 4y el w90 (o
S5 o3lal ) sl oo 5345 a5 (SIS &8ly 10 5 el 00l Byt (g, oo 4y 45 SIS JSs mhans 5l a3 ]
et azpliz sl (SIS @ aisy Jlail Joro o (e 3 Sk (1 74%0) 51 iy s UG-8 b 5 008 (o
30,5 Aol gl all



ASME, API, AWS, ASTM & IPS... slos,laitiw! 51 50,18 olSs
)

A = deviation from the theoritical curvature
R; = internal radius  template

O 3l ks (1 %%) 5l mo wls A
ded NS ay diny Jlas! e o

Head plate

s o 1 0 dm ail axsls alold cwde (S5 mhw b g dacs (SIS U5l bl 4 osbli e 90 (@
B oobld byl alold &5 mems (oo )13 655k 1) bl Ll 5o sl 00 S5 oy 1) cnlie Boe 90 (SUS (LBl
5 i W UG-81 5.b g oS (0 605 ol |y alols cpl o oy ol sojlal S 4y SIS 3o o

5 2ol Gl 351 sy 5T il (SIS iy JLabl oo 53 30 o 18 (%)

A = deviation from the theoritical curvature
R; = internal radius  template

e 15 S (lg%) 3 ite s A
ded SIS a4y ainy Jlasl e (o

A

Head plate
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Lo a0 ol )0 a5 098 oo JyuS glads (bl alwgr Conl g a0 (Knuckle) glass 4 a5 cund ol glais plasl
15055 kol s 5 eal S8 B 2e UG-81 e asly o5 L 5 ol o IS glas aziliz 5 oy o gl
a8 golel MG azmilinr wged (owyib aais A dga> o |, SIS >,k Wb wsb cwlo (Knuckle) gles
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e 2 olg3do
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258 ol o SIS ) &g cnl po wBl AL I plie Cwlbis ol b as wles el 1) auas cules Las
ol amsls s4>9 (Lamination) 5,5 b (Y 90 cue Knuckle 4t 5l o cwlbs o> 0 axslis 1) asgd
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5,5 Job 1y o (8 S lae 4y sl
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Sldos 3l L8 Wigd o aiBle aSU wiz | 4SS 50 O jgum a5 SIS lpdigz aS 5,5 CBs s b es o 1 Vas el
S5 elie Wiy o (Under cut) s aJ 55 Sisgw 15wl Under cut 455 o 51 g)le oSKal o> B oy

Kg
:)Li'..é W) u)L’“’ )0(221) gsﬂsf“"} Sdmle JsAJ.S— |
[ I th.
A »f - Vi
H
V2 r V3 -

V=V1+V2+V3 R4
h=R (1 - Cos @) I
V1 =1/3 nh? (3R-h)

V2 = (2 2/4)(3R-h)

V3 = (n/4) (ID-2r) * (H-h)

b cow (il (2:1) (SIS oz salone Jgo 8 )Y g
il 0 0018 ioled ) paas ;o ol Jolote glgil aS 04 oo adlu alisee Kol 4 3 slo Head :ausS

FIG. 1-4 PRINCIPAL DIMENSIONS OF TYPICAL HEADS

r

o3 Head Jgloe glgsl : V0 geas
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Jlad o 3 40 (2:1) SIS NE gl

R=09D
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e ot T
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, 180 S5 st ki -ID
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UW-34 SPIN-HOLES

Spin-holes are permitted within heads or segments
thereof to facilitate forming. Spin-holes not greater in dia-
meter than 2% in. (60 mm) may be closed with a full-
penetration weld using either a welded plug or weld me-
tal. 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 Mandatory Appendix 6
or Mandatory Appendix 8 of this Division. Radiographic
examination, if required by UW-11(a), and additional in-
spections, if required by the material specification, shall
be performed.

This weld is a butt weld, but it is 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.

ASME Sec. VIII Div.1-2019-UW-34-Spin-Holes ¢ ,Kag> Jondlygiws : VA pguas

88,5 aas Wl il > gl (Sligw o (SIS 55 0 10 B sl oad o0ls ojlx! (SIS 5,5 JSS 50 Sgg sl
o Fhigw ol S jeletasls cusl sais aseie UG-360(3)(-a) GI51L 0 a5 sple eogama jl #lygm ol o
O 3 Cwls 08,5 dgome (oS 3985 b (g 5l eoliiwl b g ogm 8 L be> (Plug) Sl alewg wilgs
Slalill 5 a3 )5 15 Gialojl 0550 b (ol ooz bl SS5U Elige e e 5o (SIS culis 5 wls (Plug)
Dol 08,9l 1) Lisw pl 518 L6 (lo dcios

Sl b bl i L1 sla (oo i 5 950 35 5,90 UW-11() b 3l 315500, gl
23,5 plowl (gtnly 9k 5Ls 090 JU e (23

Pz ol )l 1B e sledisr g atws jo (Jy ail A Il (SIS S e Elise 4 s ye 2l She>
Dgd s 5 L s W a4 SIS e b SIS e 5l cwend ,a sla (Joint Efficiency) b bLs,l s auls

71 Examination shall be by magnetic particle or liquid penetrant methods when the material is ferromagnetic, or by
the liquid penetrant method when the material is nonmagnetic.

(YY) cslosl
244 il PT (Liquid PenetrantTest) s MT (Magnetic particle Test) sl awg cuwbl Siolej]

bliie i glo Juye lp 5 MT (29, 51 (Ferromagnetic) blie gl Juye @l <ol o3¥
¢ eoliiwl PT g, 5 (Nonmagnetic)

Para. UG-78 glae Lid cov il sldl o 10 Ggue poss - W

ol 5San 35,10 3925 Jb e 0 a5 ogee 15,10 3525 Jb ke 10 a5 ogee puexs —UG-78 G151 — s
oo Sl e 55l sty sroni Sy g pand (hg) sl 1) opsl a0l Tl jo 45 byt Wigd pas
308 el 350 50 Gl (0 0,5 ik (ide Culd) 5 cenlie O jpan Gl e |y T gee oS

UG-78 REPAIR OF DEFECTS IN MATERIALS

Defects in material may be repaired provided accep-
tance by the Inspector is first obtained for the method
and extent of repairs. Defective material that cannot be
satisfactorily repaired shall be rejected.

ASME Sec. VIII Di1v.1-2019-Para.UG-78 lle JU o 10 gue joons : VA pgas
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Weld Processes

Arc and gas welding can be used to make groove welds, fillet welds, and overlay welds. Arc welds are
limited to the following processes given in UW-27(a):

¢ shielded metal arc welding (SMAW)
submerged arc welding (SAW)
gas metal arc welding (GMAW)
gas tungsten arc welding (GTAW)
plasma arc welding (PAW)

electroslag welding (ESW)
electrogas welding (EGW)
electron beam welding (EBW)
laser beam welding (LBW)
hydrogen metal arc welding

Flux core arc welding (FCAW) is recognized as a variety of GMAW in Section IX of the Code and is

therefore recognized as being acceptable for Division 1 welding fabrication (UW-27(c)).
CASTT Guidebook to ASME Section VIII Div. I — Pressure Vessels — Third Edition

ASME Sec. VIII Div.1-2019-UW-27 & Jstesl slas s, Kiga calises ledy, : Yo pguad

¢ -PEENING - m
Lol 0o 00ls ooy Peening o560 ;0 UW-39 GIS1L o -

¢ee> Peening

(Relieve Residual Stress) wilews sleiss ;0,5 ol31 4 (Distortion) Sowzes Ju8 slp UW-39 6ilas
el 09 oo 3y e e 4 aS el J S BB g aneal s &8lg,0 Peening ogs o ooliiul Peening
il gz (sl ol 3,5 sl @ly 55 4 55 plal (ool (sl il ahrosy b (B b (s Wy oo Dby
e o) Al Ko 098 o5 oolarwl (Final Pass) 51 b 3 (Root Pass) oo ol ,o g, onl 5l 048 oo
298 o3 (PWHT) o (25 0050 Peening wllee (lgie ged 4 coils a5 2l ol oo PWHT

UW-39 PEENING

ever, is peening to be performed in lieu of any postweld

(a) Weld metal and heat affected zones may be peened
by manual, electric, or pneumatic means when it is
deemed necessary or helpful to control distortion, to re-

lieve 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, how-

.

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 required
by these rules.

ASME Sec. VIII Div.1-2019-UW-39 |Lis cou 5l oo ,0 Peening Y\ qa5

(Peening i ol g55 5 (B olfiws) Cnio ,o Lbg> Peening : YY a8
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FOREWORD"

The Committee recognizes that tools and techniques used for design and analysis change as technology progresses
and expects engineers to use good judgment in the application of these tools. The designer is responsible for complying

with Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code
nelther requlres nor prohibits the use of computers for the design or analysis of compoenents constructed to the
requlrements of the Code. However, designers and engineers using computer programs for design or analysis are cau-
tioned that they are responsible for all technical assumptions inherent in the programs they use and the application of
these programs to their design.

ASME Sec. VIII Div.1-2019 1l 1531 o5 5l ooliial 3,0 55 o8 i Y¥ g

Coyia b Wed oo 00 )G Rl g (b ln 5 ale ST g b lnl 4 s e (anSid Al e
090 |y (o o oLl oS gs" ookl il cpl 51 (28 09, (oo HUALl (rsaige 5l g WS (g0 sS (S3595SS
Sl Edgts 05 b gllail il 5 0 &l ke cale, 6l mlb wionl 5 0,00 Syl etz By aims 18 eslizl
6 g ails o ol @5, gt o 4l oF Sl b gillas 45 Slgiend koo b b gl ommals 51 ooliiasl o
oolitul (5 Fgarels slo sl 5l (LA, 5550 Jelo b 2Lk sl &5 (maige 5 (b 4 Jral b isled (0 pe
Jstes 53 5 6 gals slalil )i 50 colinl 0)50 (SiST log e plad Jotus Ll a5 20,5 (oo jllasl 0iiS o

sl oo pliols b gl e asliy cpl o)l

Sl ggion LT 0uuls 05 0 a5 codge - M

U-1 SCOPE
U-1(a)(3)

The Code does not address all aspects of these activities,
and those aspects which are not specifically addressed
should not be considered proﬁlblted Engineering judgment
must be consistent with the phlrosophy of this Division, and
such judgments must never be used to overrule mandatory
requirements or specific prohibitions of this Division.

ASME Sec. VIII Div.1-2019 ¢l sauis a8 ..x.lf 59 as Lgé)‘ye : VY Ryl
2l el o0 gl o)Ll Ll & (ol ok 4 oS Slegdge 5 05 gei o)lbl Lzlleb ol Blegdge pla 4 oS
il et g ol andlad (28U s ool Camle 5 abald b soly (qwiige ()l 0008 (Gl coud whe )50 plyie
waled a1y Gie nl o P gle Cusgian b )bzl Sl wls 5,0 2l
foiiwd olsl e a> Telltale Holes - m

UG-25 CORROSION

in layered construction. When telltale holes are provided,

o T R R Fo

reduced to a dangerous degree. Telltale holes shall not be
used in vessels that are to contain lethal substances [see
UW-2(a)], except as permitted by ULW-76 for vent holes

they shall have a diameter of Y6 in. to ¥ in. (1.5 mm to
5 mm) and have a depth not less than 80% of the thickness
required for a seamless shell of like dimensions. These
holes shall be provided in the opposite surface to that where
deterioration is expected.

ASME Sec. VIII Div.1-2019-UG-25-Telltale Holes #1,5 i 25 : YO .05
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(Telltale holes) sazas Joia skl ew (€
Telltale sls #lygm 5l Yoono s b Conl bl pals SUjlas 5 Show o b LT aS 55 calies ool olas sl
S 0l55) 5T 3 esliil 3,50 At o Slse (g5l 45 jle o wyls Telltale gla #gms 558 o ool
B V16 i, sl Ll s g o 43,5 15 00 ke Ky ol Telltale lo gligw o5 boy (UW-2(a) 4
sl led b 550 e aios S5 sl LS 8,90 Cwlies 80% 5 eSS wuls Ll Gee g il (ks V/O - 0) 3/16in.
3288 Jows 03,8 15 el g el o o5 0g; oo Hll oS coslie zobas o (ol LS5 ol il
139 S8 ol 00l i o 0 ISl 5l die e
Interpretation: VIII-81-33
Subject: Section VIII, Division 1, UG-25(¢)

Date Issued: June 3, 1981
File: BC81-23

Question: Under the requirements of UG-25(¢e), must the depth of a telltale hole be equal
to or greater than 80 percent of the thickness of a seamless shell of similar dimensions?
Reply: Yes.

Telltale Holes #1,5w a0 ;0 ASME o lastenl 51 Jlgao : Y& 5 gas

s
b 550 09 iy cwlses 80% 51 s bl (telltale) #ljgw Gos canl (o UG-25 (&) ol o : Jl5m
fadl LG ol
T
Sl o 4z 400l 08 SA-516/SA-516M s lo JU e o,leds gtatiin waS M G >-m
Slasein 3 08,5 oo o,lil bn (Type) 5 o (Class) (o (Grade) wlasie 4 23y : UG-4 (g) G151 s
SA-516/SA-516M uuls ol>T pinew 95 slyls (Section II Part A & Part B) oS ags isu o Ll e
Jure Slakie oSyl Johite (e Ojgar b 65 (oo 58 oolitul 9,50 (b )5 a5 s g pB,1 il
223l ST ) (ol e s by (UC ] o)

5 osliiul 550 a5, 0025 oo 1,3 oolil 3,50 3l sl s SA-516M-Grade 485 U e a5 35 Jlie ol
5ot pteas b (o) ol 0l Jolote piacs &g b SA-516-Grade 70 n o] Joleo >k
5,5 18 eolanul 0,50 Section I Part D s jlastesl

MATERIALS
UG-4 GENERAL

applicable to either the U.S. Customary version of the ma-
terial specification or the Sl unit version of the material

(g) When specifications, grades, classes, and types are  specification. For example, when SA-516M Grade 485 is
referenced, and the material specification in Section II,  used in construction, the design values listed for its
Part A or Part B is a dual-unit specification (e.g., equivalent, SA-516 Grade 70, in either the U.S. Customary
SA-516/SA-516M), the design values and rules shall be  or metric Section II, Part D (as appropriate) shall be used.

ASME Sec. VIII Div.1-2019-UG-4 L ye sl o ze 5 sl oy 5 31 oolical G poi 5 YV gt
ol ol ix 0l o ST oS, 2 iens 31 o0liztl ,S5lo M G,> SAS16/ SA 516M U o aaseiio o ol
load 53 ol Jl e aastin 50 0 1) Sy Sypar mo wll (il Ojpar w0 Wl o Jb e
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g8 (5,108 Cadle 1) Oyea Wb lid Co Oy o= (a)
Wi 1) 25 =(1)
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Figure UG-116
Official Certification Mark to Denote the
American Society of Mechanical Engineers'
Standard
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— (MAWP) jlre 55 25 5T 5 —— 31 ol slos i -(4)
o5 Jl o 0o ~(5)
el Jlo -(6)
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e ost ol U-L(@)(1) e e sl 45 s sy b s 5T <(7)
el 0 ools Lz Sketch (¢) gas Figure UG-116 ;0 a5 PRT coodle b o, 0l oyl —(-C)

(25 oS h SIS @) et s,
25 % el 25k 0ad plosl UW-TT Lyl b sillae Sigul sl b (S5 5000, Sialejl o5 59, 2 585 ~(€)
D905 (6,108 Cdle 5 Ll yg9omen (under the Certification Mark) ool cwdle

Sledsz eiz 4 ojle 4 by Jlad cou (Groove) )ld slbsr Jsb ples (85 i “RT 17 (1)
5! plaS” ze 45 (Communicating Chambers) s o> <Ylasl § L3 of o 4 Category B & C sacws (5L
L @lae [ UHT-57(a) ;o 5Ls )90 dasl s e350] ol 29 mm cwlbes 5l i 55 9 10 1. jlad 51 pacs Ll
s Slh Sledsr ST, axiliy wish SSusl, 100 % &g UW-11(2) bl 5 Ll
b g ol oaiile Sldim (5,55 50 Canl Ko g 81,5901, 100 % &5 Category B & C

3 92 e S, enlie gl UW-11@)(5) Sl b lbe o35 ples 35 i “RT 27 Q)
1ol azb, LIS UW-11()(5)(-b) Slell olusls (SPOL) adge 31,530, a5 s

Ll o (SPO) sdge 315321, UW-11(b) gl b plas 50 olas 555 i “RT 37 3)

23l o 35508l calin jshar UW-11(a) el U ilbae 30 JS 51 sy b 55 i “RT 47 <(4)
oolizsd “RT 17 5l sl azlas sgzg “RT 17, “RT 27, or “RT 3” slyy 38 codle 31 plaS gan o5 1S ja
oS 50 gl 0,8 LB (Joint Efficiencies) Jlasl oo 5 (Extent) 81,5 g0l, e (il 0d (o
DS )R 4z 990 ouiile Ol
ke |y 25 ~(F)

5 03, S HT g il 55 oo 5,1 Slae UW-10 Lyl b sllas (3550 JS o5 alSzm (1)

PHT Gy (il 355 o0 5l ke UW-10 Ll b e 35ee JS 51 20 o 45 olSin (2)

Ax g5 390 o3P Sl Sl (5,155 50 edile lawg ciwol (Extent) 5 l> oldes olie iolj8l 050 08

o5 1,8
RT-1 FULL RT- RT-3
/’//7\ \ . Npiy NPS 4
Spot RT’
Ex. (1) All welds made by same welder and total
FULL RT. less than 50 ft. - 1 Spot RT Required
RT:2 i RT-3

/PR

NPE‘?
\ / N SPOT RT/
SPOT RT Spot RT

Full RT
SpotRT | RT-4 / L/

A28 cod e o RT Condy : YA 15
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UG-119 NAMEPLATES ol S - =

soku b (6,138 codle a5 By e jmm 05 S 8 oolaiwl 5,90 5 (59, » b (Nameplates) o pul S - (a)
51 gl Sl s g 4o ooliiul sl (Nameplates) o gl S 205, oo 0 (UG-118) Ll i gillas poiinns
NS e g, 5 2ol il (UG-116) Ll gillas (il s )90 sl (5535 cudle sl g 22 canslio 316
s e | dr sl 5o el S 590 sl el SO sl (UG-118) g b llae Lol sl
[ oo I, see UG-116() | o9

b o] Jlasl bg, 009 cwlio lp g 5,08 cudle 0,5 el (VhixihNameplates) s ol S - (b)
5 2eS Wl sl SO ol ol il pglie (KK 5 zlrsel ply o b arsl B cwbis gl sl
sk 0.020 in.

(S Wz (0, S (55 Ay, sldy, 5l S salwy cwl Sew (Nameplates) o pul S - (€)
B9 (55 bl mel S (59, 1 (sl &5 aul Cadle b (LS s jom wigd (6 )l05 cdle S L (05 eolin]

G NS cdle (gl a5 By iz aril 4 MM | 2aS WS o sl S (5,55 Cudle o 55 550 By > (1)
QBl S8 Canl SKew Wiy, o0, (Pressure Relief Device) jLaé sadss

INSPECTION REQUIREMENTS

7- NAME PLATE

0O Vessel Marking. UG-116
O Certification and Authorized inspection mark. UG-117
O Marking Method. UG-118 ey Senvics L

Untired Sieam Hoiler
Direct Firing DF

Type of Constraction Letieris)

Arc o gas welded w
Pressure welded (except resistance)
Brarod

Resistance welded

__d s : 2 P
abgsyo Sk SLL oyol g Stamping L alal, jo: ¥ o
Para.UG-98(a) silae ,Lid cov 55 ;.0 MAWP oMas! oy 05 - W

108 gibre Jlid Slas & "MAWP" (Maximum Allowable Working Pressure) 548 <31,51,L glas
D9 oo aiS MAWPLIL o Jgeme 3,55 Sl 10 a5 Sitee SO SBgs Cand )0 jasein sloo
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UG-98 MAXIMUM ALLOWABLE WORKING
PRESSURE

(a) The maximum allowable working pressure for a

vessel is the maximum pressure permissible at the top
of the vessel in its normal operating position at the desig-
nated coincident temperature specified for that pressure.

ASME Sec. VIII Div.1-2019-UG-98-MAWP sl iy 5 : ¥\ 5

ENDNOTES

36 The maximum allowable working pressure may be assumed to be the same as the design pressure when calcula-
tions are not made to determine the maximum allowable working pressure.

ASME Sec. VIII Div.1-2019 ol ,lid cov 5w ;036 B,9b ;0 MAWP jlaie : YY gas
Col Son 88,55 awle MAWP lais axili> « ASME Section VIII Div. 1 o laibisl ;0 36 3,4b :las
D¢ a8 )5 ks o (Design Pressure) o1 b jLeé Jlade b ply ol jlake
MAWP sacilne diy b - m
dg) A3l e g1y MAWP cacuilzn as b 142 axio PRESSURE VESSEL HANDBOOK s s

RN = 2 C)"‘"’ ALY Sl 00U 03l o9
MAWP abne Jga 3

2SEt
D+ 1.2t

P =MAWP
aria sled (Go5gae 4o jlxe i lade = (S)
Dgd oo a8 Sl o1 ol Jlade (g 5,0 oy9ds sle dg) sl a5 Joint Efficiency ,laie = (E)
gl bl p W) s i = (D)
(553 g0 28,5 15 10 alg) ol Coslied 13 0.875 oo 1) sl bl py alg) cslies Jilas = (1)
2 AS3B & A106B U 50 90 610 "S" jladie conl ol 398 CLS VY amio j0 a5 Joo ,0 el S8 @ o3
sk o 17100 psig ASME B31.3 s lteal 5 Table Al Jgaz> 3.k -20 t0 650 °F sles (so0gae

ke Corrosion allowance jlgie cos g col jlre (59,565 oylme a5 800 3929 6,500 L85 ,95de Jgaz ;0
Sl ol a8 3 L o mol caws p Jea ol jo a5 el 0nl

VEY ) FY le axio ,0 PRESSURE VESSEL HANDBOOK oS ;s MAWP jlsie Sl Jgoo
Lol 00l o 23 VY

Sy e slod 5o e ol Slme (255l S (Hib sles y eolil 050 Jbyte lxe (i azsliz calple
oS de slo oo 4y Lkl Sgis dsle (FY 5 TF ola) b ooz 0 o0l B Jse,d @ollae MAWP luie ol

Dgus Az o
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ol el a5 85 1, o lax oasl 5 Jsar s MAWP for Pipe salone sl o Jsa 6 b 15y Jlko
ool Gl b g 61N Jgyw yhad L A-53B & A-106B o aly 1y MAWP (5o :0uiS (o (om0 o0
1o dlg) oMbl oz 395 oo dpmslons Vg TN 53,55 im0 28,5 L5 o b § X-STG =Nom. 0.432 in.
P=MAWP=?
S =17100 psig —»— in — 20 °F ~ 650 °F
E=1
Pipe = 6 in.
Thickness = (X-STG = 0.432 Nom.)
t=(Nom. x 0.875) =0.432 x 0.875=0.378 in.
C.A=1/8=0.125in.
t Min. = 0.378 — 0.125 = 0.253 in.
D =1ID = (0D - 2t Min.) »— 6.625 — (2 x 0.253) »— 6.119 in. >— ID=6.119 in.
P=2SEt/D + 1.2t -»— 1347 psig

MAXTMUM ALLOWABLE
INTERNAL WORKING PRESSURE FOR PIPES

The Calculation Based on the Formula:
__ 25kt

D+12t

P = The max. allowable working pressure, psig

S = 17,100 psig. The stress value of the most commonly used materials for pipe
(AS3B,A106B) at temperature -20 to 850 °F. For higher temperature see notes
at the end of the tables. Bdidididid

E = 1.0 joint efficiency of seamless pipe

D = Inside diameter of pipe, in.

t = Minimum pipe wall thickness, in. (0.875 times the nominal thickness).

, where

Pipe wall d .
r;?m, Desig- thickness Corrosion allowance in.
ipe . < =
size | Nation Min 0 16 [Q18 )| 316 114
Max. Allow. Pressure psig.
STD 0.154  [0.135  [2.036 1,069 143
, |X-STG. 0218 [0.191  |2.938 1,933 971 50

SCH.160 [0343 Flosoo  [4.805 3.716 2676 1 |1683 731
XX-STG. [0.436 , [0.382 6,312 5,155 4,050 T [2.997 1,988
STD 0.280 0.245 1,303 963 628 298

X-STG. [0432 0.378 2,044 1,692 1,346 [1.005 670
@ SCH.120 |0.562 0492  |2,699 2,338 1,981 1,631 1,285

SCH.160 |0.718 0.628 3.507 3,132 2,764 2,400 2,044
XX-STG. |0.864 0.756  |4,294 3,906 3,526 3,150 2,781

Pipe ;s MAWP aulne: YY g
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650 °F slos ;0 A-53B & A-106B slo JL e MAWP Jluie cas0 )8 plosl a5 Slowlxe Gudo -
2l o0 1346 psig b 1, X-STG = 0.432 Nom. culs L 6" dg) sl

750 °F slales o s Jb e olod sl |, MAWP oS Jlie ;o o ool (sl Jb e ledll a4 4z g5 b s
oS o0 4l 800 °F

5L o0 10800 pst Jslee 800 °F slos ;0 AS3B & A106B slo b yie jlee 25 -3

b 0 13000 psi Joleo 750 °F slos ;0 AS3B & A106B sl L o jloee i s

102,10 800 °F 5750 °F slos ,o MAWP (YY3¥F) polas slo Jgo 3o

ool Calis L 6" Ay 5l 650 °F sles ;0 AS3B & A106B slo L e MAWP Jlude o> :amgd
i Ty a SA g8 slales sl MAWP saiulse o 540 1346 psig b 1, X-STG = 0.432 Nom.

1023 psig b ol i, X-STG = 0.432 Nom. cbieis L 6" alyl 1,5 750 °F clos ;s MAWP —s
; _ 13,000 _ ]
MAWP in 750 °F = 17,100 x1,346 = 1,023 psi.
850 PSIg b coul s X-STG = 0.432 Nom. caslieis 1 6" als) el 800 °F oles ;s MAWP —s
MAWP in 800 °F = MII,S“E = 850 psi.

17,100

NOTE: IF THE STRESS VALUE OF PIPE LESS THAN 17100 PSIG.
DUE TO HIGHER TEMPERATURE, MULTIPLY THE MAX.
ALTLOWABLE PRESSURE GIVEN IN THE TAEBLES BY THE
FACTORS IN THIS TABLE:

TEMPERATURE NOT EXCEEDING DEGREE OF
650 700 750 800 | 850 | 900 | 950 | 1.000
A53B | stress | 17100 | 15.600 | 13.000 [10.800|8.700|5900| * *

values
A106B | peig | 17.100 | 15.600 | 13.000 | 10.800(8.700 | 5.900|4.000|2.500
Factor 1.000 | 0.9123 | 0.7602 | 0.6316 | 0.4971|0.3450{0.2339|0.1462
Example:

The Maximum Allowance Pressure for 6" x Stg. Pipe With a Corrosion
Allowance of 1/8" From Table = 1,346 psi. - at Temperature 800 °F
The Maximm Allowance Pressure = 1,346 x 0.6316 = 850 psig.

(0.6316 = 10800/ 17100)
Example to find max. allow. Pressure for any stress values:

The Maximum Allowance Pressure 1,340 psig. From Tables
The Stress Value in 750 °F = 13,000 psi.

For This Pipe The MAWP in 750 °F = ﬁr’m x1,346 = 1,023 psi.
Or (13000 /17100) = 0.7602 x 1346 = 1023 psi

Qb b sles 5l xeS cus sloo a5 234 Pipe ;o MAWP caiilon : YY g
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Table 1A (Cont'd)
Section I; Section 11l, Classes 2 and 3;* Section VIII, Division 1; and Section XlI
Maximum Allowable Stress Values S for Ferrous Materials
(*See Maximum Temperature Limits for Restrictions on Class)
Alloy
Desig/ Class/

Line UNS Condition/ Size/Thickness, Group
No. Nominal Composition Product Form Spec. No. Type /Grade No. Temper in. P-No. No.

9 |Carbon steel Smls. pipe —_-. SA-53 5/B K03005 ... 1 1

10 |Carbon steel Smls. pipe —_-. SA-106 B K03006 ... 1 1

Min. Min. Applicability and Max. Tem.perature Limits
Tensile Yield (NP = Not Permitted) External

Line Strength, Strength, (SPT = Supports Only) Pressure

No. ksi ksi 1 L8 VIII-1 X1 Chart No. Notes

9 60 35 NP 700 (SPT) S00 650 CS-2 G10, T1

10 60 35 1000 700 1000 650 CS-2 G10, 51, T1

Line Maximum Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not Exceeding

No. 100 150 200 250 300 400 500 600 650 700 750 800 850 900

S 171 171 17.1 17.1 171 171 17.1 171 156 130 108 B.7 59

10 171 17.1 17.1 17.1 17.1 17.1 17.1 17.1 156 13.0 108 8.7 59

ASME Sec. II-D-2017 s &glite slalos 1o (SA-53B & SA-106B) wljls jlre i : T g
T JL».o

Sllee bl slos jo Jlse o] jlee 25 5l S Shb leo jo eolatul 0,50 Uy jle 25 asslix
90 (50 s 5 Jgo ) Geb Camdgydud HLIS il ey jue

ASME Section VIII-Div. 1-Para. UG-99

Stress Value § at Test Temperature
.3 X P (MAWP) or (Design Pressure) X :
Stress Value §' at Design Temperature

Material = SA-516 Gr. 70
Design Temperature =400 °C
Design Pressure = 500 Psi
Test Temperature = 40 °C
5lcawl 01,400 °C 340 °C glos g0 ,0 SA-516 Gr. 70 JL e 1, 1, Stress Value S jlase iasg
w5 gl a5 0,91 cewss ASME Sec. 11-Part- D-2017 s lastes! o Table 1A o
Stress Value S at Design Temperature = 101 Mpa (14649 Psi = 14.65 Ksi)
Stress Value S at Test Temperature = 138 Mpa (20015 Psi = 20 Ksi)
oS oo B 50 |y (b jlad Jlade ciel oatd dule MAWP jlais (52 398 J5o 8 50
1.3 x 500 x (20 Ksi / 14.65 Ksi) = 887 Psi
il 0 887 psi Jolee 400 °C slos sl s jLid cdlome 3ubo uo
Test Pressure = 887 psi

(b 9 (Job) Helxo Glebogr s jlxo aliols —(F
(Welded Joint Category) ;b sg> bghs o diws - B
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Figure UN-3
Illustration of Welded Joint Locations Typical of Categories A, B, C, and D

See UW-3(b)
/R e
\

I

9

ASME Sec. VIII Div.1-2019, UW-3 ;s j5bee og> (gon diws : Y8 gl
Sledsr b als s Category B o e leisz b alls 5 Category A o o5l Jsb sledyz 4l5
, Boots aile ba Ly 5 Wil Jlasl & by e sleds> 5 ¢ Category C o mdé 4 dg) Jlasl 4 bgye
SIS Jlas! sl a5 > Hemispherical ¢4 5l (Head) SIS 31 .wss o o axws Category D
g algs Category A gg 5l 5o o5 4 (Head)
Codge jolate aSly wily oo Jlasl (TYPE) 55 j 315114 Gillae Category 5l jshace sgi cdo wyly (1) 145
e e Sy s (Joint) Jlast 585 )3

UW-3 WELDED JOINT CATEGORY

The term “Category” as used herein defines the location
of a joint in a vessel, but not the type of joint. The “Cate-

gories” established by this paragraph are for use else-
where in this Division in specifying special
requirements regarding joint type and degree of inspec-
tion for certain welded pressure joints.

ASME Sec. VIII Di1v.1-2019, UW-3 ,s Category sggie : YV a5
(Longitudinal Joint) ,las cov 5w 0 Job Jis> balas alols - W
s iz b 59 alols il axslas S5 50, 455,50, Wigh go il oysS S 3l b b oS e o
SIS @las b g ol Full se jo s &jgar (31,5 00l, a505,50,0 .oib 5XThickness L il J8la> ol
Qb oo 3k alols ol cole il sas 8IS e0l, ASME Sec. VIII Div.1 s st 5 UW-9



ASME, APL, AWS, ASTM & IPS... bl )i 53,15 oIS
e

UW-9 DESIGN OF WELDED JOINTS

(d) Except when the longitudinal joints are radio-
graphed 4 in. (100 mm) each side of each circumferential
welded intersection, vessels made up of two or more
courses shall have the centers of the welded longitudinal
joints of adjacent courses staggered or separated by a dis-
tance of at least five times the thickness of the thicker
plate.

See UW-3(h)
KR e
\

1\.

‘&---‘

-

ASME Sec. VI Div.l , UW9 sl b clossr b alols oo : T3 g
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ASME Sec. VIII DiV.l , U9 b ‘_;}L, ‘_gLe:;:,b Obes alols JBlos: Fe pyga5
Crdy § Cool yiaghe Too o] winy Culs o5 (55)5 GiFe o 40 45 09 (0 a0 £ady 4 G5 psal 50 0
2l ood alond dgee (aome (B9 b &S (Lope (e b3 g0 aloll ole; 4 g5l Cnl TN e (B S g0l

L3 g5 cnl o dlols J3las UW-9 GISIL 4 azg b ail anilys 3,5s0l, 4 s5ls oo ol azslin :AXSS
PO RPN IPTWAT IPUSRYNIPCEIC NS ERNCONN U (O] PR ICONN V0N N RGOV S-S ST IPTIPESN S P P
ool 5l 3 90 ke 5l eS jskaie ol sl (VR 5 ¥e) gl

Ol slos jlid Cog (5l o Shgzr bl aloli- W

93 alols ULT-17(b) b (bl (slos slomas o 53 Logoe) aily jL5 450 cod a3y 50 )Lid o (s o
O 5 ol o Cenl ooz ad 81 S gl bl el jo il (5t) cuwlss iy o Jilas Wb ooye os> Las
g aley |y alols cpl cenl (oo (il

ULT-17 WELDED JOINTS

(b) The alignment of longitudinal joints in adjacent cy-
lindrical sections or heads shall be displaced at least five
times the thickness of the thicker material.

ASME Sec. VIII Div.1-2019-ULT-17 b _tg> Lt g5 alolé Jilas : F1 g
API 620-2018 APP. R & Q 3,llias] olal s Lt o8 b0 Ly bogkas alols - m
:(+40 °F and —60 °F) ¢ole 6,5 csloo b L5 o8 sl 5,053 15 APPENDIX R
oo sl 4 oS Lo b mbe sl ol alsial 3l asil Ly adsl slao lgps o — R.5.4.3 G131 L —%
(Compression Ring) sl sl slesr alaz 51 slone slo s 55 (59508 sk g VLl igi
il ansls alols oo 5 gl W Jilas ,S305s 51 Ll Gl sl wyly
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ooe> ,» 5l wls (Compression Ring) (s laé cloXn, ,o cled (he> oVlail alols — R.5.4.4 G1310L

Al gl S5 (6ogee) Jsb
™~

Annex R
(normative)
Low-pressure Storage Tanks Operating Between +40 °F and —60 °F

R.5 Requirements for Fabrication, Openings, Examination, and Testing

R 543 In prlmary or secondary |IC|UId contalner and steel warm vapor container tank shells, excluding concrete wall

each other a minimum dlstance of 12in.

R.5.4.4 Radial weld joints in a compression ring shall not be closer than 12 in. from any vertical weld.

API-620-2018 Syle Ay low 55,0 (go90e b Jjb 09> L g0 alols JSlos: FY Lol

1 Annex Q
(normative)

Low-pressure Storage Tanks for Liquefied Gases at —325 °F or Warmer

Q.5 Requirements for Fabrication, Openings, Examination, and Testing

Q.5.4 Spacing of Connections and Welds

Q.5.4.3 In primary or secondary liquid container and steel warm vapor container tank shells, excluding concrete wall
liners, the longitudinal weld joints in adjacent shell courses, including compression ring welds, shall be offset from
each other a minimum distance of 12 in.

Q.5.4.4 Radial weld jeints in a compression ring shall be not closer than 12 in. from any longitudinal weld in an
adjacent shell or roof plate. y

API-620-2018 jslxe aios (slows )55 10 s390e b Jsb (o9 s g0 alols o : FY g0
Yo S g (—325 OF) sk b é—.’.L" slyl8 ol Lus 05 &l o3 O3B APPENDIX Q
sl ,lgs sl 4 0,5 o b mle ol (sl wlgiwl (55 4 gl b adgl slaeylgs o — Q.5.4.3 Gl S1,L -

(Compression Ring) (,lué oS, slesdoz alox 51 jglme slo )55 5 (69502) Job oz w¥Lasl ¢ gy
il asls alold o 5l g 1Y Blas ,Kass 5l Ll Gl sl sl

o> ,» 3l wls (Compression Ring) s,led slSo, o olad Lber oVlail alols — Q.5.4.4 L1310

il gl Y 31 5505 i 3 4 (330) s

API 650-2020 bl 5 (5l 0 53 35 jo igm bghs alols-m

8 gogee Ylasl - 5.1.5.2 G151 L -

il Aol a1 (5) o5l & o sub J5 sl B 55 15 b poone (sl ysS 9 (s09m ¥l ~(b)
il (oo Jlasl e )3 5 muds ()5S 50 §y9 Seles Jalis (1) Ll jo 457 arily

AP| STANDARD 650

5.1.5.2 Vertical Shell Joints

b} Vertical joints in adjacent shell courses shall not be aligned, but shaII be offset from each other a mlnlnluqm

distance of 5.! where ¢ is the plate thickness of the thicker course al the poi poi intofofiset,

s

API 650-2020 j5loee aias sloww,s5 )0 s050e b Jgb ig> s g0 alols J8los: FF o3
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API5L-2018 ,5 Jsb s> byl alols - m

and coil/plate end welds at jointer welds.

Annex M Specification for Welded Jointers

M.3.5 Unless otherwise agreed, there shall be 50 mm to 200 mm (2.0 in. to 8.0 in.) of circumferential
separation between longitudinal-seam welds at jointer welds.

M.3.6 There shall be at least 50 mm (2.0 in.) of circumferential separation between helical seam welds

API 5L-2018 jo Jsb bs> Lo g5 alols flas: $0
VY gl K b oS e e )50 e | alg) stz By Conl gl Sl 4y bogy e a5 APT 5L-2018 5 sl o
S5 s e e bt S 65, 45 sb sz 99 o alols JBlas ML3.6 GISTL sillae aisled agd (s e

ALl anils alols Koo oo 5l yendo Ve

* B ks B0 (go3gamme ;0 Wb WS (o0 )3 K0S

Parai. M.3.6
Y/

API 5L-2018 ¢l Jsb _bsz b g0 alols Jlas: §5 e
Jlasl g las g adyd b Ghoz o alols J3lam A2.5 SIS Billas (s lo i 550 L slo ) o
2l sk 0+ 2L (Strip/plate) dg) cole (ogase 55 sz 4 by

IPS-C-PI
1555 slas Il LAl 1 odle Ldign cnl oSl el

-270-(Pipeline) ,o Jsb jog> bghs alol - m

6,5 s> an by e a5 [PS-C-PI-270 s ,lasbu!
sk o« ASME B31.8 s st s ASME B31.4
Aol oo 55 APT 1104 s jlasbsl ololyl ol

IE Nov. 2009 / \WAA L] IPS-C-PI-270(2)

7.2 Alignment

When a pipe with one
longitudinal seam is used, this seam shall be
within the top 120 degrees of the circumference
and the longitudinal seams of adjacent pipes
shall be offset by a circumferential distance of at
least half the pipe diameter.

Sogxe p2 Y-V
odl 43,8 LE ealiul 0)5e Jsb 50 L Al S a5 25

92,8 L8 aly lasma JlBgd a0 VY. 0wl 50 opl ll

il 4 Jame S p3 Wb gl lady) Jsb glajye
sl 4zl alold o 5l Ayl ld s il

IPS-C-PI-270 ;5 Jsb Lisz b g0 alols Jslam: ¥V 0
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————((ssfesfe) ) ———— >3
120 50 b 5,0 ool ol oo a8 5 18 oolaul 0,40 ¢ Jgb 5,0 b algd G a5 84 -7.2 Alignment I 51,6 -

Al ke i Joas o3l 4y agmo Sz 5o sl sl slo aly) Jsb (sle3 0 53,65 1,5 gl e (SlEsh 40
sl asls alols oo

IPS-C-PI-270

distance of at least half the pipe diameter.

7.2 Alignment

IPS C P1270-2009 5 Job ooz b 50 alols Jilas : FA g
IPS-C-PI-240-(Piping) s Jsb s> bshs alols - m

5 i slglo 5 Sluls 1) bl 5 mbio o aio 285 dlg) slpaiuses 4 by o IPS-C-PI1-240 s sl
Gladgz bglas alols o Jaibinl ol ) el ou ags ASME B31.3 5 sl (bl 43 5 ool (oonss iy 5 55

Ll 00l aseie 1.3 GIFTL o Jsb
[ IPS

Nov. 2008/ \YAY Ll IPS-C-PI-240(2)

’\
7.3 Pipe Joints

7.3.1 Longitudinal seams in adjoining lengths of
welded pipe shall be staggered over a distance of
at least 5 times the wall thickness of pipe
measured over the circumference of the pipe or by
approximately 30 degree off-set, so that they do
not form a continuous line at a butt welding joint.

Longitudinal welds shall be located at the top, 90

degree of the pipe spool and shall also clear

branch  connections and  other  welded
kﬂtta chments..

o gl JLal ¥V
b Job ez 500 sl algl g0 (ols ez (sl VY-V
Loy Ghsr Joe 5o W) sl oy ojluil & 550 50
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aoSoua (Int. VIII-1-83-122) i o pizmen g ASME Section VIII Div. 1-2019 s laites! o
Lol oaid 08 asre (B9 90 b ()98 G 50 (Jeb lader (pm alold (glp (choguame

Interpretation: VIII-1-83-122

Subject: Section VIIL Division 1, UG-79, UW-11, UCS-57, and UCS-85
Date Issued: April 27, 1983
File: BC82-549, VIII-1

Question (2): Is there any Code restriction for the minimum distance between two
longitudinal welds in the same course of the shell or distance between two
consecutive circumferential welds?

Reply (2): No.
ASME Sec. VIII Div.1 JUOTE:: S )L'Z._é S L))l’“ 6‘)‘.’ éa.”..?u 09> s 99 alols Js‘.).:;- AR Pgal
4 N

2010 SECTION VIII — DIVISION 1 SEE UW-3(b)
KR £
w@ N
“0 O A
NP 2

ASME Sec. VIII D1v.1-2019 o jled cov 55w glp dame Gog> Lo g0 alols Blos: 0 g
29 oo aseia (Specification) 3 wlasia ;3 sl ojan ;o 50 Yseme 35 ;3 Jsb Sledsz o alold
ASME B31.3-2016 o kil o _Jawoms s> bk alols - m
50 el ooz B PipIng o ase (hgx b g0 oo alols Plos> gl cusgazme ASME B31.3 s jlastesl
S5d oo Laseie (Specification) sl ogs, ,» 3 Slasie o b alols J8las VYseno ol i
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Interpretation ,s aie; (ol j0 ol oois 03 colpo L ASME B31.3 o lailisl )0 ggo90 opl Sl cde

Ayl Jsb 1 (haes os>) Ledisr oule gl L7 canl sus Jlsis ASME B31.3 s st 51 14-03 o Loss

as 3 Ll o jekate pl gl Suogae g S el sl g 8 jlaslisl il sols aseive (gl ojlail Bl
ol 005 00l L5 OF py g o Sl 5 lams o2l sl o0

Interpretation: 14-03

Subject  ASME B31.3b-1994 Addenda, Para. 300.2 Definitions
Date Issued: June 22, 1995

File: B31-95-002

Question (4): Does ASME B31.3-1993 Edition, Addenda b, have requirements for the minimum
lengths of pipe sections between welds?
Reply (4): No.
ASME B31.3 s dyf slp Jaowe og> las g0 alols Jslas 1 OF gl
API SL-2018 ;o Jaxe ig> bghs aloli - B
9 0Bl S e VOl wls dg) Jsb PBlo>8.11.3 &I S1,L slae API SPECIFICATION 5L o jlastesl o

il e MO 51 a8 wls e isr s 55 uile alols JBlus a5 gy S oo ames

AP| SPECIFICATION 5L

8 Manufacturing

8.11 Jointers
8.11.3 No pipe used in making a jointer shall be less than 1,5 m (5.0 ft) long. )}

API 5L-2018 dJsJ 6‘)‘? Gla.m uu9.> s 99 alols JSL.\:> : OF Rgal
IPS-C-PI-240 (Piping) ,» Jexe ig> bghs dols-m

~ N
I 5 Nov. 2008/ \WAY U1 TPS-C-PI-240(2)
7.3.2 The toes of adjacent circumferential butt ol A @RI T el B L gle Ay o Y-Y-Y
welds shall be no closer than four times the B Jilas Wb od a4 o e her 9o sl 4 alols

nominal thickness of the pipe, in the case of DN L o b calis | i

300 (NPS 12) and below, with a minimum e uls Wy ool 2 Rl ey s oop erke
acceptable separation of 50 mm. For nominal WY Fee ol JlaB gl 28 0 ola algd (gl ansl sShop
diameter greater than DN 300 (NPS 12) the AL . Voo s Uoes alols 181 X
\[ninimum acceptable separation shall be 100 mm. Rt e ST 5252 Sl y

IPS-C-PI-240 e 4.!5.‘ 6‘)-.' Gb.m U’“"5'> s 99 alold J5L\> ATA R
IPS-C-PI-270 (Pipeline) ;o oo jig> bghs aloli - m

fff
IE Nov. 2009 / V¥ AA Ul IPS-C-P1-270(2)
7.12 Separation of Girth Welds shas Ledigr alold VY-V
The minimum allowable distance between girth T R plp b aes Sleter o sl dlold Sl
welds shall be the external diameter of the pipe Sl el g a5 alaS e gale 000 L odld
L or 500 mm, whichever is the larger.

[PS-C-PI-240 o 4.[9.‘ 6‘)‘.’ Gb...?m uu9.>- s 99 alols J.el.p : OF Pgas
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¢cwwus> RUN-OFF TAB - m

SAME GROOVE

RUN-OFF TAB

Figure 2.14—Runoff Weld Tab at End of a Joint

Runoff Weld Tabs. In some applications, it is neces-
sary to completely fill the groove to the very ends of the
joint. However, with the SMAW process, weld starts

tend to be overfilled and weld craters underfilled. These
features create an unfavorable shape at the start and at
the end of multiple-pass groove and fillet welds. There-
fore, runoff tabs arc used to completely fill out the
groove and achieve a uniform weld. The runoff tabs
extend the groove beyond the ends of the workpieces.
The welding is started on a runoff tab and carried
over into the finishing runoff tab. This technique
assures that the entire length of the joint is uniformly
filled with sound weld metal to the necessary depth.
Runoff tabs provide an excellent method for starting
and stopping welding because all defects typically asso-
ciated with starts and stops are located in areas that
later will be discarded. A typical runoff tab is shown in
Figure 2.14. Source: AWS, WHB-2-CH-2-Page 85 & 88

ooe> 5y slesl g laslyo Run-Off Tab : v Rl

16,9 ,Led slol g ol 4o ool cuas slo 4o — Run-Off Tab

93 50 a5 (ol ded 5l o iz )0 090 (B ek Ll slestl 9o 4o Ghez )Ll a5 Cewl 3 090 phm o
Wb as ozl Glal slhgle U Ghex Lt a0 b dewd (pl b 00,5 oo colaiwl Wigd o0 cuad (Ll sleal
3 290 Boe ULt ol Jobo )5 cnl b oauly (oo slaitel 5 b aens JS1s 50 52 9 il (o0 Slial Wigd (5, K52
98 ooy el oo 316 alws,
el 00 08ld yLid diged yeka 0 S oo 1,8 ooliiuwl 0550 jekaie (pl sl 4T ole acns (F1g 2.14) OV gas o
oS oms bl 55 5 anil e conbie iy (5S> a0l g £9,5 (6l 45 wiiw b 4ews Run off Tabs
Al dalg> ody p all alils 3929 hex deils g £9,5 bl (o
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O3 555 JelS (gl a5l s digpd om0y I 0593 (sla g 0 4T G5 ) sle Vb sl Sl
Dged ool
Joeeo )0 Jhez 58 S5 03 55 Vg iz jleansS LGS s (g s il el 008 sle e
eils amlgsn S5 Ceaglie Yozl Jome cnl 53 Uisx Ho 0 (so pid | 53 U5 Ysd 5 ol (S (o Ll
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Steel Gate Valves—Flanged and Butt-welding Ends, Bolted Bonnets

1 Scope

This standard sets forth the requirements for the following gate valve features:
It covers valves of the nominal pipe sizes DN:

— 25, 32, 40, 50, 65, 80, 100, 150, 200, 2580, 300, 350, 400, 450, 500, 600, 650, 700, 750, 800, 850, 900, 950,

1000, 1050;

corresponding to nominal pipe sizes NPS:
— 1,1%4,1Y2,2,22,3,4,6, 8,10, 12, 14, 18, 18, 20, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42

and applies to pressure class designations:

— 150, 300, 600, 900, 1500, 2500. AP| STANDARD 600

API 600-2015 ,s DN, NPS, Class ol>Maol : 0A ,;gai
3 oS olawl @bl gz Lol ol ouis w8 Class Llis ,0 PN sl o5l 598 SIS 1o ippe d> g8
0250y oo Class LPN s aglie 4 5 SLETL o o lailesl

Bibliography

9] EN 1092-15, Flanges and their joints—Circular flanges for pipes, valves, fittings and accessories, PN

designated—~Fart 1. Steel flanges AP STANDARD 600

API 600-2015 ;5 05" o0 0,Lsl PN 2Masl 45 a5 (65 lasliw] byn0: 0% pguas
L oabaly jo a5 0gd o0 EN 1092-1 o lasbiwl 4 o,lal APT 600 o lslisl glan! awbis QLS jisu,o -
il o ol PN aluly a5 0ty o il YL g Lo el
3 sl a5 o lasbiw! (pl oolatwl 8y90 s gz po ol Cancd )0 05 dxzl 0 EN 1092-1 o lailewl &y 28 -
) peas Glhae wiS e o,lsl EN 1333

2 Normative references EN 10921

EN 1333, Pipework components — Definition and selection of PN.

KLy = o)L’l}‘PN C)Lh»a‘ ALY Lgo)b.itl.w‘ g)m:?°ﬁ9..a3
102319 o0 ISO 7005-1 s lasles! jo o Class b s PN cillas 4 Jb> -
3 Selection of PN EN 1333:2006 (E)

The PN values shall be selected from:

PN 25 PN 25

PN 6 PN 40
PN 10 PN 63
PN 16 PN 100

EN 1333 s Jaitial ;5 ost 0,3l (sl PN e : £ 9
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In the American system, flanges are designated by a Class rating, but these
ratings have now been converted tc nominal pressure {PN) designations. The
equivalent PN designations are as follows:

Class 150: PN 20
Class 300: PN 50
Class 600: PN 110
Class 900: PN 150

Class 1500: PN 260 _
Class 2500: PN 420 ISO 7006-1 : 1992 {E)

ISO 7005-1 s laitiw! jo ln Class b ls PN cillas : £Y 5 guas

r
8 Marking

8.1 General

Valves shall be marked in accordance with the requirements of ASME B16.34, except that the nameplate shall
include the designation “API 600" in addition to the designation ASME B16.34.

8.2 Marking for Unidirectional Valves
Valves designed for, or modified to have unidirectional flow capability, i.e. capability to block flow in only one direction,

shall be marked with a flow direction arrow that is cast, forged or stamped into the valve body outer wall, or with a
separate identification plate permanently attached to the body that indicates the direction for which flow is permitted.

API-600-2015 ;s (Valve) oY1 i 59, 5,105 cudle : Y o guas
68 cdle — 8 Bl ST )L e
olls — 8.1 B35 L -
0 85 bl ol b ed 5,138 cudle ASME B16.34 s el byl slbe wb (Valves) ¥l s
asils 3929 7 API-600 cudle 0l ASME B16.34 o lustisl ailis p egdle (oY i asliwlis) Nameplate
sl
a,b S, (Valves) oV o 6 138 codle 8.2 QI 51,1 —sesess
4 ™

-

NPS 6" Class 600 DN50 PN25 )
NPS, ClaSS 9 PN, DN SleMas! L» LQQJB : ?f)aj..m
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ol Glpas YT o b oyl 1y Jhw a8 bS5 b ,> obly S pgase (Valves) o1 o — 8.2.1 &I 31,0 -
%bwojw‘)w&@J@Ol{fﬁydﬁ‘ﬁwﬁufﬂﬁﬁgj&oo‘}@&‘o..\afoc)l.«o‘sjm.ﬁ)lf
S ol 55, T g Cast b Forged 1l J e g 65 505 5 () Jho £ 1 S ol alsy
@ o3l ek a5 59 axlad Sy (5 ahewgr Wb Jlw Suz bre Ol 5 Slaseie b wisd 6105 Cwdle Y1l way

D ool lias Wb s Jlasl @Yl iy

s

~
DN150 PN16 NPS 4" Class
Source: Internet (glvalve.en.alibaba.com) y

NPS, Classy PN, DN cl>Mhao! b laglg : £ 5 guas

wve> o Pass, Bead and Layer Wl>Maol  p2i — (¥

Figure QG-109.2.1
Typical Single and Multibead Layers

Cover beads

Figure QG-109.2.2
Typical Single Bead Layers

pass: a single progression of a welding or surfacing opera-
tion along a joint, weld deposit, or substrate. The result of
a pass is a weld bead or layer.

pass, cover: a final or cap pass(es) on the face of a weld.

pass, wash: pass to correct minor surface aberrations
andfor prepare the surface for nondestructive testing.

layer: a stratum of weld metal consisting of one or more
beads. See Figures QG-109.2.1 and QG-109.2.2.

ASME Sec. IX-2019 s Jastesl ,o jse> Layer, Pass iy 25 : £ 905
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Dgd (o0 (hgr AV b oy Slml 4 i ez (b 09h (oo AU b el 09d (o8 Lo g,

Dgds oo a5 ail hgr mhaw g9y g 4T by wb b ol oL 4 (Weld Pass Cover) -

o ol mhaw 59, p ) SKbex w0 Sy le Blul ol jglaie 4 a5 b 4 (Weld Pass Wash) -
D9l oo 45 (Mol uly 955 (o0 plmil 0 e it Sloind ol sl obans (g3l oobol gz oS ol 5 095
Oogr Y o0 oo Ghex AY |y maw ob g o0 LS 50 ead ools Lgw, ledg> o e (Weld Layer) -
ShsS (oo iz o e |y Gher el S el 5l ol gz s, {Weld Bead) -

05).'21” J}, ‘6)&-‘59? Sllee S 9y (= ;‘ s_id.’Lo}" dos b (o Lg)liibs.?- A...a])s ) QW Weave Bead
25 pgas Blhae 0gS (o (ge ) alol> (he> 0 g il Glugi o Jlal 3k 4

HALF-MOON Z- OSCILLATION
OSCILLATION

Source: Welding Pipeline Handbook (ESAB) y

stringer bead: a weld bead formed without appreciable
weaving.

weave bead: for a manual or semiautomatic process, a
weld bead formed using weaving. See also oscillation.

weld bead: a weld deposit resulting from a pass. See also
stringer bead and weave bead.

ASME Sec. IX-2019 L glhs s, 509> ,0 Weave and Stringer Bead slyivg, <o a5 : PA g
@ 09,580l S plog &S e o Jlasl slasl jo 5,8 Sldee (59 ST Sewns (Stringer Bead) -
iasS (oo sh | ol e 00wl o5 Jlews Glug cnl aels b sl Jlast 8k

S &S ol #Slas g eens plKie ASME Section VIII Div.1 Para.UCS-56(f)(4)(a) o lasts! 5o
S5k 8 Lo 05 2SI a5 5] polaie il 9 5 Sy (s 5k b5l e ool o il 413l Wi e hor ol
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ASME Section VIII-Div. 1 [Para. UCS-56 (£)(4)(2)]

(a) The weld metal shall be deposited by the man-
ual shielded metal arc process using low hydrogen elec-
trodes. The electrodes shall be properly conditioned in
accordance with Section II, Part C, SFA-5.5, Appendix
A6.11. The maximum bead width shall be four times the

ASME Sec. VIII Div.1-2019 jolul (6 poss 9> oy Bead oG by jiSTos 2 £ pguas
AWS s jlabenl jo (o> b 0 Culs - m
Sl iz sledl yio 5 K9 510 AWS o lailbesl 5l AWS WELDING HANDBOOK 9.4 s o
oo (Layer) aY G cubro wls Sige 50 wolhe catS fael canss gl a5 conl oo 08 SMAW . i, L
Aok 3.2mm ) e
Ll g slewls 5o (Discontinuities) Kiwgob 5l olasl glp bensgame opl Jlesl 5l B

CHAPTER 5—STAINLESS AND HEAT-RESISTANT STEELS AWS WELDING HANDBOOK 9.4
- Shielded Metal Arc Welding

Weaving of the electrode during welding is not rec-
ommended. For optimum quality, bead width should

not exceed four times the diameter of the core wire.
Individual layers of weld metal in a deep groove should
not exceed a thickness of 3.2 mm (0.13 in.) to avoid
discontinuities in the weld.

AWS .)J..b'l.’;.....»‘ &U‘“ uu9> g_i.: 5o (Bead) g_i.: LQL"er' )..5|..\.‘> : V’).:}.a;
ans oo i) e G (Layers) s 4 5 5 kel 51 Selite JSST 5 poas
o w2 e TR

? i 1 11C 118 ?
i i :
| £ |
1 W |l 1
| 7| |
! e oy ye
55 mm Fitting z1 Fitting SSI.mm

: > |
i = =
i g 1/16 in. £1/32 in. :
: N . !
1 - E 1
{29 ¥ :
v Uy ¥

&

1

S -

1/8 in. £1/16 in.
osz o, Ll s (Layers) b 4y (il VY g
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3 Gz S sl (Son (6 Sigz gy (eizred 5wl 4 Ly (Butt Welds) o a o )l slosbsz 5o
Al oo JSid b cpaie 5l casl (S Y o Lisly aen j0 a5 all ool S 4Y s
G Glad a4y Al yiioy dehad Cules a2 o) S ) Kog> Jl> )0 dalad Culrs 4 Y 2 gla Wb olass
@lises las labinl jo Jlade oplojls Sy b o Cwlbs 4 aY o Cwlho b oo (il 50 Ll slows
oS o0 0 )Ll 550wz 4y iyl o cenl glaie

API 650-2020 o Jailbewl o Jisz wb o Cules -1
o Cwles ail o Yb 440 mm cubs s a5 S5 dins ;o Y, g Jae slodg> 7.2.3.4 G151 L -
5l ool slome 19 MM ) iy 4y iz 6 KS5 sl Bs) 00 0T b

7.2.3.5 For circumferential and vertical joints in tank shell courses constructed of material more than 40 mm (12 in.)

thick (based on the thickness of the thicker plate at the joint), multipass weld procedures are required, with no pass over
19 mm (3/4 in.) thick permitted.

APT 650-2020 5 llics] ;5 gz <o o oy o Cealieds 1 VY g
ASME Sec. IX s labewl ;o oy wb 2 Culs- W

&l o jlastul ool jo sl o ASME Section IX s jlastwl WPS ags ol p o lastiwl 51 g )lous g 1o
L0 QW-403.9 GI31,L slhas .ol oo Lasin (o> Wb o cwlbus SAW s SMAW 6 ISas> slaas] )
13mm i by ye caolns PQR agi plfim azslin ail 13mm i iy sl ol 5o culies j5530e (3, 90
S oed Cole, QW-4S5T Jgoz Gllae WPS (o 1) culbes sogame Layl s POR cpl ol i iz )0 09 i
#pVY sg0> 0) 1.1 times the PQR test coupon _ulul 5 1) cuwbs soogome POQR ol ol i o
Qo8 o b ( PQR axkd cubs

- “

Face side e -
T T tr
te
Tc
tp QW-403.9
t01 t,\

-
T T Root Side

Figure 7.20 Weld, Weld Pass, and Weld Reinforcement Thickness.
Example 7.13.3 The weld pass variable of QW-403.9 is dependent upon:

1. what was recorded on the PQR and
2. what is specified on the WPS.

When no single weld pass (tp) on the PQR is greater than % in., the base metal thickness values of
QW-451 may be used. When any single weld pass (tp) on the PQR is greater than 'z in., the upper base
metal thickness (T},) range to be specified on the WPS is limited to 1.1 times the PQR test coupon

| hickness (To. See Figure 7.20. Source: CASTI ASME Scction IX-Ch-7 Page 106

ASME Section IX o ,labal o iy wb o culses = VY gl
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:QW-403.9 &I 51,0 -

Wil yragkes VW (/2 10) 5l 2t 2l 4 () Ghoz lewly 51 S e o3l PQR o (89 VY 5 Gollae
2 (1) sl & Ghgx Wby olail 28y .05 )18 eolaiwl 0,00 b QW- 451 Joum jo 4l I cuwlses ojlul
o)l..b‘daoo)fuaMWPS 39 wb&S(Tb)waW 039350y Yo Ml)]w.lm \V(/z 11'1) 3] PQR
DS oS VY gl 4.08,5 e 0g0me (T¢) ;o POR ces aakad caalses ol 1.1

QW-403.9 For single-pass or multipass welding in |
which any pass is greater than % in. (13 mm) thick, an in-
crease in base metal thickness beyond 1.1 times that of
the qualification test coupon.

ASME Section IX-2019 s lastsl ;o (se> wb , cwls : Vi ga5
AWS s lateal jo Lie> (Layer) Y » cwls -1
S iex 4o hea anY SO cwlbes AWS o luiles! 5l Welding Hand Book-4 Chappter-5 oLs o
45 3.2mm 1t 5l SMAW g, U il ol (sl

CHAPTER 5—STAINLESS AND HEAT-RESISTANT STEELS
Individual layers of weld metal in a deep groove should

not exceed a thickness of 3.2 mm (0.13 in.) to avoid
discontinuities in the weld. AWS WELDING HANDBOOK 9.4

AWS Gllae Lol puliil Jb ke 5o o> b o Cubs iSlas 1 VO pgas
API 1104-2018 s Jaibesl jo os> (Layer) 4¥ ;o culbs - ®
4 el 00,5 Lasie 3 mm |, (Layer) Sig> 4Y o cwlbks ojlail oo, 9k APT 1104-2018 o skl

Sleyd axgi p pgal

’—ﬂ —=t— /16 in. (1.6 mm)
1!32 in. to 116 in. (0.8 mm to 1.6 mm)

Approximately 1/16 in. (1.6 mm) AJ L-— 116 in. £ 1/32 in. (1.6 mm + 0.8 mm)
Standard V bevel Butt Joint

Approximately /g in.

T 5 h
' S S ul (3 mm)
L2
1

Sequence of Beads

NOTE  Dimensions are for example only.

API 1104-2018 las 59> (Layer) a¥ < cwbrs jiSlas: V8 pguas
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Figure UW-16.1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. (Cont'd)

o o . .._%
| | I |
Outside Dy Qutside D, Qutside | D, QOutside | D,

1V atmin 1V atmin
= AN N
/ 1V atmin / Watmin /\ | /)\ !
¥ i

|
(v-1) v-2) (w-1) (w-2)

[See Note (3}] [See Note (3]] [See Note (3)] [See Note (3]]

UW-16 3. Lad e (il 5 ld3b g YLail 4 bgs e sl sl (bgz glsil s VY g

Figure UW-16.1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. (Cont'd)
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For sketches (f-1) through (f-4),
see Note (1). For sketch (f-3), see Note (2). (f-4)

—re | ———
— —| f a
EY £y S
/ / | @
* / \f‘| f E
=
& ¢ |y 2
+ \ \< - tz 2 | g
N ﬁ . % “

i) {j} (k) 17

B+ t3 = 1 atmin. n
1 or fp not less than
the smaller of 1/4 in. (6 mm)
or 0.71,

min.

UW-16 5.b jlaé cov ;b ,0 lib g oYlasl 4 by e sl sla (oe> glgl s VA g3
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Figure UW-16.1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. {Cont'd)

in -
rcj ‘—|

tﬂl but not less than
fqin. {6 mm}*

e

-1y

L

1
[1;’15 in. 1, but not ] 1'( _i‘w 4i
(1.5 mm) less than f1g in. (1.5 mm)
recess g in, recess o on AA

STOZ-TIIADADE WSV

(6 mm)
\ t) (u)

Typical Tube Connections

{(When used for other than square, round, or oval headers, round off corners}

NOTES:
(1) Sketches (a), (b), (c), (d], (&), (f-1) through (I-4], (g), (x-1), (¥-1), and (z-1) are examples of nozzles with integral reinforcement.
(2) Where the term Radius appears, provide a /g in (3 mm) minimum blend radius
(3) For sketches (v-1) through (w-2):
{a) For applications where there are no external loads, G = ' in. (3 mm) max
(B)With external loads
G =0.005 for D, < 1in. (25 mm); G = 0.010 for 1 in. (25 mm) <D, <4 in. (100 mm); G = 0.015 for 4 in. (100 mm) < D, < 6%, in. (170 mm)
(4) For NPS 3 (DN 80) and smaller, see exemptions in UW-16(f)(2).

Figure UW-16.1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. (Cont'd)

1, 1
Rz=3t, Radius a Radius_ | n
11'121' min.
>/ 30 deg min. 30 deg min.
tie=0.7f min. [~
el 11'er min. ' 11"4 in. 1-"’21' min. |“ ty= 0.7t min,
ri \/ 0 —L (6 mm) -7 <
T ; : t t r L~
Y j } Y o
w
fye= 0.7t min ty= 0.7t min S
©im) (n) : i
[See Note (2]] lo) =
[w]
=07 min. [See Note (2]] E
; - ' =
1 N
/ 'LJ A z
- \ =1, - =TIy
1"l2r min. /4\ >
1
Vor A
p) fat min. 1;"21’ min .
/ Y r fwe= 0.7 min. _
Y < o ft Weld to shell
Vot min.” q_( =0Tt
=0
M L, =07t S|
1 . £ 1 T
12t min. [ Ftw- n.rrmin_ e L&‘
_ | i (s)
‘ i -
I_ b tw= 07t i,
-
{q)

UW-16 5.l )Las e b 50 L3 5 oVlasl 4 by e jloxe sla 9> glsil s VA g
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Figure UW-16.1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. {Cont'd)

2
SEES, é Bk

Either method of attachment is satisfactory

foxg

!

]

¥
\/{ > 2N
] e fz
(x-1} (x-2) y-1) ly-2) (z-1) (z-2)
[See Notes (1) and (4)] [See Notes (1) and {4]] [See Notes (1) and {4)]
=
w
B+ t2 = 1Vatmin 1y or tp not less than the smaller of 1/4 in. {6 mm) or 0.7¢min =
@
g
[ NPS 3 (DN 80} max. S
=
1Jf2rmin =
—_— =
E__% < == =
—— —_— =
== e el =
wn
v s
\/ V\ _..| |+ t,, [See UW-16(f4)]
b= 0.7fmin Ie
(aa) (bb)
[See Note (411 [See Note (4]]

UW-16 5.l jlad cou il 1o il 5 oVlail 4 by o jlre sl Sigz glgil i Ae g

:(Figure UW-16.1) A+ a4 bg e sloxilost
s Pad L it 5 letee (2-1) 5 (y-1), (x1) () o(£-4) b (1) () () () o(b) (8) slo £,b (1)
s LT ol e
sl 00 oo (& yorlee ¥ B S 5 e Ky 39 o0 0y glad o3y &5 ol ~(Y)
 (W-2) b(v-1) (sba 2o ()

sl prodes ¥ 2l G jlaiie 1o i)l 0,5 ()5 o)l Sl 6152 (3)

el gy llae G lade >, bl (b)

G =0.005 for D, <1 in. (25 mm);

G =0.010 for 1 in. (25 mm) <D, <4 in. (100 mm);
G =0.015 for 4 in. (100 mm) <D, <65/8 in. (170 mm)

Abbreviation:

D, = outside diameter of neck or tube attached by welding on inside of vessel shell only
G = radial clearance between hole in vessel wall and outside diameter of nozzle neck or tube

25 oS UW-16(5)(2) S5, (slesedlan 4 5555 5 (DN 80) gl ¥ ol 13 L slo oy (51,2 ~()

exo oS dg) e pn ;o (0,5 SYLasl glgl -
LSoitd (59, 2 oo a8 (18 Slasiue —#
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Marking Content for WOI Branch Connections

Manufacturer

Logo
Flange 9
Rating Heat
Outlet Size Bore Code
Wall Mantlfaclu'er \I !/I I/I I \“
Thickness ogo
Outet . or . Heat 10 AL AL
Size  Schedule  Code 6 - 4 X 2 600 S80 FLB AI0S HAS VI
\ / | / ! [V
T 7 1 T T T
N\ / |/
! A ) !’ Header/Rur Pipe | .
30 - 20 X 6 STD BWB A0S HAS wiI Size or Range Product Material
{1 i1l \ | Specification
T T Name and
Grade
Header/Run Pipe Material
Size or Range Product  Specification
Name and

Buttweld Branchette™ (BWB)

Grade ‘
| |

1-888-610-0777 » www.woihouston.com

Flanged Branchette™ (FLB)

b cod gl Seid a4 bgyye (8 Slasein (Ui (SeSs 1 A pgas

I IR

e

90° elbow

45° elbow Equal tee Reducing tee
5 <« Bp
Half coupling End cap Full coupling  Reducng coupling  Equal cross
. Eccentric plain Concentric plain
Union Swage nipple Swage nipple

Source: Pressure Equipment
Pressure fittings

b 2o (gla Sid 5l il gl 1 AY 5
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Pressure fittings
Nozzle and fitting shapes

&) 9 L

Thread outlet Butt weld outlet Sockel weild outlet Swep! outlet
Elbow outlels Lateral outlets Threaded nipple outlet Weld nipple outiet
- » B
. i 180° long radius retum
Eccentric Concentric Cone type
reducer concentric reducer
180° short radius return End cap Reducing tee Equal tee

Reducing cross Equal cross

ASME B31.3-2016 s ,lssteal ,o Stub- on 4 Stub-in coxsg -

Fig. 328.5.4D Acceptable Details for Branch Attachment Welds

(1) (5) (3) 2) (4)

ASME B31.3-2016 s,lutes! ;o Stub-on 5 Stub-1n e¥lail g4 51 s 5bas : AT g
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HLad ot e SO s 4 il Jlasl goge el pyglas

Engineers’ Guide to Pressure Equipment

Long forged weld neck  pipe and weld neck flange With reinforcing pad

LIl

Forged Forged
Butt-welded nozzle and weld neck flange

Fig. 6.7 Nozzle types

Engineers’ Guide to Pressure Equipment-2001 Ll o350 4 midd Jlasl 5l s pgbas : AD e
23k o Stub-on lea 5.5 Set-on PMao! § el Stub-In lea #8ly o Set-n a5 058 w35 14> g

39

| . B

Plpll’lg SYlas! o 6‘ d..w; 6[@,»99- &9 )“ LgﬁjLaS : /\Fﬁya}"
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Figure 2-4
Types of Flanges

Full penetration weld,
single or double. The
full penetration weld
may be through the lap
(tp) or through the hg

| wall (t,). w

hy &

y ] :i_HT kgo

F Hg
o min.=0.7¢ In B

Gasket |.._ t _—1-(_;,4—

<1,

Gasketql

To be taken at midpoint of contact This weld may be machined to a corner (2) Screwed Flange With Hub
between flange and lap independent radius to suit standard lap joint flanges.
of gasket location. {Optional hub is Pl ges.
shown by dotted line.)

(1) (1a)

See Note (1}

See Note (1)

N

(2a) Screwed Flange 4—1.’2Hmax-§\ —
[Note (2)] 1/pt (max.)
min. = 0.7¢

Ep | . |—’ == min. =0.7¢ min. =0.7¢
max.=c¢ + Ygin. max.=¢ + 1 in.

{6 mm) {6 mmy}
3 (3al 4)
[Note (2)] [Note (2)] [Note (2)]

(4a)
[Note (2)]

APP2&_’a L....Su.’?uu) )oa_dsaajquLml)onﬁJ.;lswy)m AV).’ya.:

Figure 2-4
Types of Flanges (Cont'd)

h=15g, Slope exceeds 1:3

Gasket [T giope 154,

+ \ 1:3 (max.)
A fe

h
hr I, E (6a)
r A 91$

¢ weld
Hy | \\ Slope exceeds 1:3
G He 8 g 4

Sl 1:3 .
Where hub slope adjacent /_ ope {max.)
to flange exceeds 1:3,
use sketches (6a) or (6b)
(6)

0.25g,, but not less than /4 in. (6 mm), the 6b)
|<—t—>| le—h minimum for either leg. This weld may be
machined to a corner radius as permitted in
sketch (), in which case g, = g,.

Gasket

Integral-Type Flanges [Notes (3) and (4)]

APP.2 5L Lid cod oyl o gild a alg) oYLl 1o Joud LB ez e : AA g
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Figure 2-4
Types of Flanges (Cont'd)

*> S min. = ¢ but not *|
1.
max. — +.|‘,4 in. less than 1/4 in. (6 mm) (8a)
min. =0.7¢

(6 mm)

Full penetration and backchip
[see Fig. UW-13.2 sketches (m)
and (n) and UG-93(d)3)1

1

APP.2 3.l lad cou (5l ,o mild 4 dlgd o¥Lasl o Jod BB Jis lade s A pgas
(Figure 2-4) AN gas o jlas

¢ = basic dimension used for the minimum sizing of welds equal to ¢ or £x, whichever is
less

t , = nominal thickness of shell or nozzle wall to which flange or lap is attached

t, = two times the thickness g, when the design is calculated as an integral flange or two
times the thickness of shell nozzle wall required for internal pressure, when the design
is calculated as a loose flange, but not less than '/, in. (6 mm)

SS>gS aS plaS o (t) b (1) Jolee MM s g2 o5l Blos (s (sl a3, IS bl sl = (©)

235 o Jato QT @ ld as 56 so,la0 b ainy coul Clbs = (tn)
ol el S ey ol o psY LBl i gl S sy S5 solems cuelis il 90 = (ty)
Qb iSeS pede £ (Va10.) 5l als Jg 9l suis acwle (Loose Flange)

Methods of Welding Flanges to Pipe

=

WELDING NECK FLANGES LAP JOINT STUB FLANGES

SLIP-ON FLANGES

Sglise slo s g g (o b9 Jlasl Jglote slodgy : A0 pgual
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ASME B31.8-2018 o Jailewl jo Ll cus85 sld,g 9 (Branches) wbleasl gl o5 (og> jloie - M

Fig. I-1 Welding Details for Openings Without Reinforcement Other Than That in
Header and Branch Walls

Branch

45 deg, min,

R

A

GENERAL NOTES:

(a) When a welding saddle is used, it shall be inserted over this type of connection.

(b) W; = 384, but not less than 1 in. (6.35 mm).

(c) N = ¥, in. (1.59 mm) min., % in. (3.18 mm) max., unless back welded or backing strip is used.

Saddle

Wy min, = 38fg, but not less than 1fy in.({6.35 mmj)

Wo min. = Mz, but not less than 1, in.(6.35 mm)

Wa min. = M, but not greater than

N = 116 in. {1.59 mm}min., unless back welded or backing strip is used
GENERAL NOTES:
(a) All welds to have equal leg dimensions, and a minimum throat = 0.707 X leg dimension.
(b) IF M is thicker than H, the reinforcing member shall be tapered down to the header wall thickness.
(c) Provide hole in reinforcement to reveal leakage in buried welds and to provide venting during welding and heat treatment
[see para. 831.4.1(h)].

ASME B31.8-2018 s Jastial L 3illae b alg) _oleiol VLl jo p3Y bon ke : AV 5um
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ASME B31.8-2018 o lailewl jo Ll glgl g (Flanges) lyods gl p p3¥ Loy Hlode - W

Fig. -6 Recommended Attachment Details of Flanges

-
e

OISO, S

(a) Lap Joint Flange {h} Butt Welding Flange

N\

1.4t 1.4¢
0.707¢ A,
{or t if preferred)
13 in.(12.7 mm)max. lle} t 'I "" t
{¢) Front and Back Wald (d) Face and Back Weld
o 1.4¢
] TR
Not less ) —¥— Nominal
than ¢ t  pipe wall
—L  thickness
Thgin. (1.59 mm)
€, min. = 114 t, but not less than 5,"32 in. {3.97 mm)
{e) Socket Welding Only {f) Socket Welding Flange

Size of weld Theoretical throat

Theoretical throat !
Size of weld

{g) Convex Fillet Weld
{h) Concave Fillet Weld

ASME B31.8-2018 5 ksl L llae oxild oLl 5 o3 gz Mda: A g
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ASME B31.3-2016 s laibesl jo s oY¥Llasl o p3Y Gig> i - W
s aYLlasl o 5L 8,90 Lbe lade JBlo> F1g.328.5.2B a¥ 54 ,0 ASME B31.3-2016 o,laibel o
Lol sals asuie Socket welding flanges 4 Slip-On ¢

V¥ peal 4wl ls oYlasl s jon o Socket welding %o o ovgz olol JBlas 10,8 askin gl p e
595 g5, MSS SP-119 s it « L Fig.328.5.2C

Fig. 328.5.2B Typical Details for Double-Welded Slip-On and Socket Welding Flange Attachment Welds

L2

e AL o

"

15 mm (45 in.}

approx. gap

The lesser of T or & mm {1y in.) before welding

{1} Front and Back Weids (2) Face and Back Welds (3) Socket Welding Flange

X, = the lesser of 1.4T or the thickness of the hub

ASME B31.3-2016 sJutesl b sillas 225 alg) (slorins 1o il oYLl o> 3l : AF 9

ASME Sec. VIII-Div. 1-2019 [Lis o o35 o ool c¥lasl 1o a5V gz laie - W
55 4>5ASME Sec. VIII-Div. 1-2019 s Juitial 5 FIG. UW-21 8 5 4,
el oS 45 a8 2 hub culbes b aly) culies 144, b coul il algd 4 Slip-On il ez caslies Jilo

(c) Nomenclature Figure UW-21

(15) Welds of Socket Weld Flanges to Nozzle Necks

t, = nominal thickness of the shell or nozzle
Xmin = the lesser of 1.4t, or the thickness of the hub

/2

Xmi
min
——

min Xmin
Sa ~ —
_,.‘ ’« ‘ —»H«— 1.5 mm (Vsgin) 1
approximate I,
gap before
welding

The minimum weld
dimension shall be
the lesser of 1, or
"y in. (6 mm).

(2)

ASME Sec. VIII-Div. 1-2019s Jlasteal b gllae jlid cos 5l ;o aild oVlasl g J8las 1 A0 yguas
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Fig. 328.5.2C Minimum Welding Dimensions for Socket Welding Components Other Than Flanges

‘4—»‘» T,»= nominal pipe wall thickness

2

C, (min.) = 1.09 T, or the thickness
of the socket wall,
whichever is smaller

Approximately 1.6 mm (/5 in.) gap
before welding

}

N

Socket wall thickness

B31.3-2016 s lasbent b gollas 25 o) (slooimmmn jo xdd e sl Socket weld jo o> JBlos: A% g0
Lol S a8 plas” o Socket culbs b dy) culks 1.09
L Socket Weld (g,SChg2 50 mteo (5! 4SS

b g culey seds (1.5 mm) Lo i b Socket sls mhaw b alyf slsl alols da Socket (s ) Kiga o
Sgd o0 Id 059, (o Slatin oyl f9o90 ol anled SIS s0l) ) s e sl Socket Weld ;I a0

ip) Gillae
General Specification GS EP PVV 171
TOTAL
Steel pinina fabrication
Rev.: 11 Effective date: 09/2013 Page: 12 of 32

6.8 Socket welds

When socket weld fittings or valves are used, the pipe face shall be spaced approximately 1 to

weld stresses and possible cracking. Socket welds shall be made with at least two passes.
-~

9.3.2.5 Socket welds S

and female parts of the assembly. In no case this inspection is meant to be a weld imperfection
(soundness) check.

o Socket Weld ig> slp (S35 00l, conlys j0: QY pgas
o Socket Weld o> : 6.8 31,514 —sesese
(1.5 mm) b 1 Lo s wb ag) mlaw wod oo oslinul (Valves) gly L Socket Weld wylasl 5l a5 5,
Wlg oo cue cpl s 00,5 oluxl “Bottoming” e 5l b ol awsls alols Socket sac, adaw 5l el
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(i b 9o b JBla> Wb Socket slpigs .09 Socket jigx S5 o4 ymie g ams il |, S S
g (5,5 lg
o Socket Weld s> :9.3.2.5 &I 51,1 -
pgs, yohu b Socket igm 5l oy Voo ciaol ool §lige latend Sole g 55 cpmle alols oS (ol
il b e oo GHL L Gher (o3l (BT ol Sl Ba g s 4 (sl de) ger )0 gk (BT 0l

s s axmliz 5 ol K892 5l 3 Glp ek (15 mm) b 1 Lojss ol ool o5 cusls 4298 Wil
Alols ol aSnl Ko wil Lisz e ol 55,5 99950 6y Gl olsi oo il 43S e e 51 a8 alold ol B, Ssso,
Dgi cds OYlail g5 ol 5l pld iz 4y all oduw ) Jho w4

Socket Weld ssSle Jlas! 31,5 g0l, ok - 49 5 guas
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Socket Weld sl Jlasl 31,5 g0l, ol Ve v pguas

el ol o (USe b Ygane Ll 31,5501, plonil o SOCKet gz (538,5 J1,8 coabsn g b (yo5 SzsS o
aS 5 1> 899 soumie slodg, o Socket jigx jo Ll 890 calols o Cole; 5l linedsl sl Cais 40 o) 4l
b sk WSh, ol ol Gap-A-Let oS, Split jl oolicl g, cnl 5 (o iyl (3550, 4 g5l
00y al sl il iz ) Sy, ol oS e el |y Sl ier s gl 16 i alols a5 il ou
it pglie O g guiS1g00l, 0lge ¢ olonds Slge 5l cBL (Fo,95 lie ;o a5 ail oo

GAP-A-LET®
Socket Weld Contraction Rings
Side with ring Side without ring
Proper gap — e bottomed out Could
b ~— l cause cracks

A $ Bt
e
y 2 l Simulated cracks
— = x
Sectional View
2" Sch 160 Stainless Pipe

Socket o bXu, Split coas aiy b V) pgas
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vation Design Data Commercial Construction Codes
Eevafion 9 ANSI. ASME

Military Std. NAVESEA - 250- 1500
Military Std. 278
Military Std. 22

Mominal Pipe Sizes
140308, 1/23/4" d h
Mominal Pipe Sizes d h
-3
s A
4.5

+.000/-.005

- |-"—“*-14|

Note: Width designed for minimum pipe weall

listed in 1 B36.10 -

B36.19

s Socket o ceas slp X, Split slul: V- Y g3
500, b Vain. 5l s laibisl slajlo b bXacd alos o b b ol oS 0ed oo Sl 5,5 sWSay, Split sl
Jlasl 5 ails S5 Ogar WS oo 8 LXnd 5l o Loy, SPlit ol a8 8y anil el o gl
Al dislgs &g o o 5o YL sl lid Con S g ol anlgs

Gap-A-Lets + Socket Welds

Standard Ring Free Ring
GAP-A-LET Outside | Radial Rin
Y[ e Theknese Ring Fitting | Diameter | Wall Thickness
Fing Pladkal Wall

| 1/4 NPS 555 600 070 025
3/8 NPS 630 730 070 025
f 12NPS | 855 880 070 025
fing 3}4NPS | 1065 1.110 070 025
Free 1NPS | 1330 1385 105 030
ot 114NPS | 1675 1780 105 030
1 1/2 NPS 1915 2020 105 030
g i 2 NPS 2406 2580 105 030
—~ 212NPS | 2905 3010 105 030
ANPS | 8500 3.885 105 080
312NPS | 4000 4,150 105 030
4NPS | 4500 5110 103 040
www_newmantools.com 5NPS | 5563 5.880 .103 040

la Socket ;o coas slp kKo, Split slul: V¥ gt
Sdgyiep (! dad g (sl aimn) (25,0 (85 Ay sl piarn (Sl Sledszr o oolinal (gl Lon, Split
Sl 25 golio 5 orby i slealo (o, bsks (Air brake) s o5 o5 g (clo i o iaio slo
Cymdige 4 (end to end) o8 Slaslre 9 g Ayl Job 380 pans 5o S, SPIt 5l eolatul il eots )b
WS (50 SaS xbo (85 Ayl sle e (Ao
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ASME Sec. VIII - Div. 1-2019 &.U.s BUILD UP sl - m
aS 28 UW-42 Gl 51 o il

UW-42 SURFACE WELD METAL BUILDUP

(a) Construction in which deposits of weld metal are (c) Examination Requirements
applied to the surface of base metal for the purpose of re- (1) All weld metal buildup shall be examined over the
storing the thickness of the base metal for strength con- full surface of the deposit by either magnetic particle ex-
sideration; or modifying the configuration of weld joints amination to the requirements of Mandatory Appendix 6,

in order to provide the tapered transition requirements or by liquid penetrant examination to the requirements of

of UW-9(c) and UW-33(b) shall be performed in accor- Mandatory Appendix 8.

dance with the rules in (b) and (c). (2) When such surface weld metal buildup is used in
(b) Procedure Qualification. A butt welding procedure welded joints which require full or spot radiographic ex-

qualification in accordance with provisions of Section IX amination, the weld metal buildup shall be included in the

shall be performed for the thickness of weld metal depos- examination.

ited, prior to production welding.

ASME Sec. VIII - Div. 1-2019 s Jutesl s 65,5552 alssy 516 zxbaws (g5le 562 )+ F g
ohsz 8 5l eolatwl b pdaws 40,5 5 (Build-up) :UW-42 8l 51,0 —seses
5 ey oSl Bl & ol 31 Cabied bl Blasl sl w3l ool 53 2 hsr S o, sl — ()
sl culbrs cVlasl o Slol cuwlbrs b o) (Tapered Transition) ,os Goa L bes oVlasl K& 2ol
29 plsl (€) 5 (D) slosond (ilgd sllae 0L [UW-9(c) and UW-33(b)] wloljll 4 axg5 b ()l ,ud
(o9 Ylasl o (Tapered Transition) couxsy 5l diges six ks

CLAUSE 4. DESIGN OF WELDED CONNECTIONS AWS D1.1/D1.1M:2020
REMOVE REMOVE
| AFTER WELDING 1| AFTER WELDING
25 25

Ii REMOVE
1 AFTER WELDING

(B) TRANSITION BY SLOPING WELD SURFACE AND CHAMFERING
Glae (Butt Weld) o« o) () Ka5 oy, b 6,509 £958 51 Jd tJeallygims coxdo b — (b)
255 18 anl g byl 9 50 S0 (oo 00 g, a5 Lis> 18 Culies sl ASME Sec. IX s lustewl ol
:siabesT olell = (€)
Slll gllae (MT) pblise b cus galiwgy b oad ooy gmy oz 38 zshu plos ~(1)
0,5 518 LialesT 8,90 Appendix 8 wlslyl sllas (PT) 336 wluls e b g (Appendix 6)
il 4zls (Spot) gl abas b (Full) Ll &l 8pal, Lilesl 4 s a5 sl s, » Build up 35 -(2)

255 )18 GalesT cnl Jsadio sl b ouds 00ls gy (92 518
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ASME Sec. IX-2019 s el s BUILD UP oloxil - m
oniS o oy QG-109.2 DEFINITIONS 1,51, o |, Build-up iy a5 lucc) o

QG-109.2 DEFINITIONS (15)

build-up of base metal/restoration of base metal thickness:
this is the application of a weld material to a base metal so
as to restore the design thickness and/or structural integ-

rity. This build-up may be with a chemistry different from
the base metal chemistry which has been qualified via a
standard butt welded test coupon. Also, may be called
base metal repair or buildup.

ASME Sec. IX-2019 s lastes) olol » Build-up i 25 : V<0 pguas

Al b Cules e i L 518 o
OSos i Ll )l 38 )3l Mol g Cualis e gz Ygeme il 3 g5, iz B ol g,

cmbﬁbbjbwfbww‘uiwuwd|éwﬁbu“owmtdjfw&éjuw?bdab

QW-202.3 Weld Repair and Buildup. WPS qualified
on groove welds shall be applicable for weld repairs to
groove and fillet welds and for weld buildup under the
following provisions:

(a) There is no limitation on the thickness of base me-
tal or deposited weld metal for fillet welds.

(b) For other than fillet welds, the thickness range for
base metal and deposited weld metal for each welding
process shall be in accordance with QW-451, except there
need be no upper limit on the base metal thickness pro-
vided qualification was made on base metal having a
thickness of 1% in. (38 mm) or more.

ASME Sec. IX-2019 s Jsstesl bl 5 Build-up o a5 : V% g
(Weld Repair and Builup) QW-202.3 &I ,51)L —seses
2355 Sledszr 5 )b Sledisz reni sy ) b Cov Wb )b sledsz sl 0as anl WPS ¢ anz
g 00y I Build up sless> 4 (Fillet)
3 o5s (Fillet) sl adss slebsr 5 il gy s 15 b Lis 56 Culies (sl ipogioma = ()
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alB e gly Al oy Ghex B s Liw b (6l culro sodgazme (o) 4isS nd sledex sl - (b)
S9zge by b 172 (38mMM) s b glie 38 gl POQR ST LI ail QW-451 L gllas sl (6,552
D)l 3525 Lie 518 Cualied (oYL 0 050 0 (Sudgasre il
&l o3l b Build up ey oo 00ls Ggus, (hgr 8 Cwlies wees axg sl Build up wllee o iazi
Build up jshiie a0 (9> 38 cuwles jiadia Vo azibis (Jls jok ans 0 o5l PQR culs a5 il ool
oolitl jlre anT 3 5l (6,092l 5l (rizan § wbld 168 perkee Vol (sl POR cles il s
0uT3 Gles LPQR cubies ales a5 sges oolitul guul s 5 ctesl JU e o Build up cllee gl ke o585
Vo 55 PQR culs g ol oo o9 SMAW 0518 LPQR culs saen asiliz diges jghay ail oo o>
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ASME B31.3-2016 3. BUILD UP slxil - m

b o 4 el o3 byl 5 ASME B31.3-2016 o ustiasl olal 5 o o5 4y slo qiucs o
dy b3 (5, » (Branch) clesil cuai e azsliz ised jokay 05 (g5lo 5k (6, bs2 sy Jb 2o 51 gl 4
3 ols oo o ool sl v oap wlatil a5l 555 598 e oowels Header >Masl a5 (Run pipe) Lol
S o5l cplols rals Glaisl Sgpm ,hd sojlusl & |, (Opening) &g yhaé 95,5 soliiwl lo aJ Build up 2,
ol 00 00lo B31.3 s laslent 51328.4.3 &I 51,0

328.4.3 Alignment
(c) Branch Connection Welds

(3) Run openings for branch connections shall not
deviate from the required contour more than the dimen-

sion m in Fig. 328.4.4. In no case shall deviations of the
shape of the opening cause the root spacing tolerance
limits in the WPS to be exceeded. Weld metal may be

ASME B31.3-2016 _oll , Build-up s, 5l eslical : V-V g

1328.4.3 (c) (3) il 51 L -
el oYLail sl ez

s 0ype M Lol 4> 5l ayls Wi o alom) oleiil el g),; Header Lol alg s 45 L35 <(3)
Slome (sodgazme S cge Wl Elgm JKB Dbl ol azg men 4 Wigh B pmia Fig. 328441V A oar Gillas
Wil oY Sy Ghex 38 malidl b oogd sl eods asie WPS 5 a5 Root Opening s> ads, ¢ alold
w3l oo gy Ol (Genlio Ll p3) 19,57 0035152 (sl oo (50575,
Tgge Canl e gl 3 095 oo ¢],9 Header Lol sals) g5, » Branch clecsl coms oo 35 uesdss
|y 0ad oy 2 Flyg B 5 9,5 (S5l ad (g2 b oMl (55 (oo (haald iz 50 39 02y s )50 9 | 55
QW-202.3- Weld Repair and Builup SI,51,L ;5 oo o3 5,150 sl (o0 )5 o) 51y Lol 505 2ol
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Fig. 328.4.4 Preparation for Branch Connections

N
\
\
\
%
w

g = root gap per welding specification
m = the lesser of 3.2 mm {1z in.) 0r 0.5 Ty,

ASME B31.3-2016 s lailesl ulul » Root opening (m, g) ol : VoA pouas

e 30 CIP, PJP WMol iy 25 - (4
CcJp C)Lkuo\ -

CLAUSE 2. DESIGN OF WELDED CONNECTIONS FPARTA

2.3.5.3 Welding Symbols. The contract documents
shall show CJP or PJP groove weld requirements. Con-
tract documents do not need to show groove type or
groove dimensions. The welding symbol without dimen-

sions and with "CJP” in the tail designates a CJP weld as

follows:

o

CIP Lig> comog code Siales s Vo gl

Complete Joint Penetration Kby cosl a3, |5 oy, AWS DILT s jlateal o a5 CIP 2laol
(Back Strip) o ey (sdons b ol o ol (Koo g ol JolS 395 b g slylo a5 Jlasl s CJP ol oo
Bl a Cedy e e b
ams les 1, CIP, PIP 6 s sledsnr bl b )Siley o e 106, K05 slzadle — 2.3.5.3 &I 51,4 -
ol olal g0 CIP (hg2 (ol (65092 codle oo (lad 1) Lt sl b g )L g5 a5 o 5L 0Ly Sl
D Az peal Glhe 0gd oo alies CIP saels j2ld po slotl jo a5 sl & j90
Qa8 o s sl sl AWS D11 g AWS A2.4 5 laslew] jo a5 1, oVlasl g9 opl 5l diges Qi (goas i geas
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(A) WELD CROSS SECTION

/—<CJP
2 — 2 $

(B) WELD CROSS SECTION SYMBOL

Figure 7.7—Application of Symbols for Complete Joint Penetration
with Joint Geometry Optional

AWS A2.4-2020 s lastewt ;0 CIP Jig> Coundy g5 5l (oo digai s V) e pguas

Square-groove weld (1)
Butt joint (B} | | / BACKGOUGE
I | (EXCEPT B-L1-8)
T
it _tr
L.
Base Metal Thickness
(U = unlimited) Groove Preparation
Tolerances Allowed Gas
Welding Joint Root As Detalled | AsFit-Up Welding Shielding
Process | Designation T, T, Opening | (see 54.1.1) | (see 5.4.1.8) | Positions | for FCAW | Notes
SMAW B-L1b 6 max. — R= IE'L +2, =0 +2,=3 All —_ doe,j
GMAW Not .
FCAW B-L1b-GF 10 max. —_ R=01t03 +2, -0 +2,-3 All required a,d,|
SAW B-L1-S 10 max. —_ R=0 +0 +2, =0 F —_ I
SAW B-L1a-S 16 max. —_ = +0 +2, =0 F —_ dj

Figure 5.1 (Continued)—Prequalified CJP Groove Welded Joint Details (See 5.4.1)
(Dimensions in Millimeters)

AWS D1.1-2020 s, lastewt ;0 CIP Jig> Counds g5 5 (oo digai s V)Y g
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AD
Single-V-groove weld (2)
Butt joint (B) e BACKGOUGE
\'\i‘;/ N
\
. Wt
T
L o
Base Metal Thickness
(U= unlimited) Groove Preparation
Root Opening Tolerances Allowed Gas
Welding Jaoint Root Face As Detailed As Fit-Up Welding Shielding
Process | Designation T, T, Groove Angle | (see 5.4.1.1) | (see 5.4.1.8) | Positions | for FCAW | Notes
R=0to3 +2, -0 +2,=3
SMAW B-U2 U —_— f=0t03 +2, =0 Not limited All —_— d, e,]
o = B60° +10°, -0° +10°, -5°
R=0tc3 +2,-0 +2,-3
?E"AA:: B-U2-GF u — f=0t03 42, 0 Not limited Al m“g;d a, d, ]
o= 60° +10°,0° | +10°,-5° q
R=0
Over 1210 25 —_ f=6 max.
a = 60"
R= 0 R= i’{] +2 "“0
SAW B-L2¢-5 |Over 25t0 38 - f=12 max. f=+0,f +2 F - d,j
o = 60° o=+10° -0° +10°, =5*
R=0
Qwver 38 to 50 — f=16 max.
o =60°

Figure 5.1 (Continued)—Prequalified CJP Groove Welded Joint Details (See 5.4.1)
(Dimensions in Millimeters)

AWS D1.1-2020 s, lastewt ,0 CIP Jig> Counds g5 5 (oo digai : VY g

:PJP C)LL:.&‘ -n

ik o Partial Joint Penetration Sils ol aid, |15 olgl,8 AWS DI s ,lailbewl o a5 PIP Aol
el i 3o b Liex gl a5 Jlasl i
a5 Gl chgx ko po bl ;o CIP igm codle g 5 olul e (6 ) Kbg> cdle — 2.3.5.3 G151 -
asfun (PIP) 55k oz o sl )a97 codle iy (o0 S5etr sBn 5 o225 51 1, aly 518 el
ey ol g ld hex ol as w5yl 18 &= 0 L YL o E, oY G gy 0 E, oY By as el
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T
CLAUSE 2. DESIGN OF WELDED CONNECTIONS ~ PART A in parentheses below “(E;)" and/or above “(E;)" the ref-
2.3.5.3 Welding Symbols. erence line to indicate the groove weld sizes on the arrow

d other sides of the weld joint, tively, as sh
The welding symbol without dimension and without CJP Z:lo\»‘\)r' or sides of The weld Joint, respeciivel. as shown

in the tail designates a weld that will develop the adjacent (E2)
base metal strength in tension and shear. A welding sym- (Ey)
bol for a PJP groove weld shall show dimensions enclosed

AWS D1.1-2020 s Jasbew! o PIP jig> comig coodle ioles : WY g5
Qe (o ylid sl ool AWS DILT g AWS A2.4 5 lailiwl jo a5 |, cVlasl g4 ol 5l diged dix (gom pglas
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AF
Square-groove weld (1)
Butt joint (B) (S2) | |
/ ) |H|
3 @3
abD {
s
31
S, + 8, MUST NOT EXCEED 4
Base Metal Thickness Groove Preparation
(U = unlimited) Tolerances Allowed
Welding Joint Root As Detailed As Fit-Up Welding Total Weld
Process | Designation T, T, Opening | (see 5.4.2.2) | (see 5.4.2.7) | Positions | Size (S, +S,) | Notes
SMAW B-P1b 1/4 max. e R= :;3 +1/16, -0 +1/16 All :;3
Eg::: B-P1b-GF 1/4 max. —_ R= IE«?- +1/16, -0 +1/16 All -«} e
Figure 5.2—Prequalified PJP Groove Weld Joint Details (see 5,4,2) (Dimensions in Inches)
Double-V-groove weld (3)
Butt joint (B) Dy(S5) \V
o
—7 D«(Sy) /R
o
, §P
vailb)] | * )
<ty tm
) ] f
/fRl o:
R
o
Base Metal Thickness Groavs Preparation
(U = unlimited) Root Opening Tolerances Allowed
Welding Joint Root Face As Detailed | AsFit-Up Welding Total Weld
Process | Designation T, T, Groove Angle | (see 5.4.2.2) | (see 5.4.2.7) | Positions | Size (S, + 5;) | Notes
R=0 +1/18, -0 +1/8,-1/186
SMAW B-P3 1/2 min. — f=1/8 min. +U, -0 +116 All D, +D, e fij
o = 60° +10°, —0° +10°, -5°
GMAW ) H*O, +1/16, -0 +1/8,-1/16 .
FCAW B-P3-GF 1/2 min. e f=1/8 min. +U, -0 +1/16 All D, + D, afij
« = 60° +10°, —0° +10°, -56°
R=0 +0 +1/16, -0
SAW B-P3-8 3/4 min. e f=1/4 min. +U, -0 +1/16 F D, +D, f,i,]
« = 60° +10°, —0° +10°, -6°

Figure 3.2 (Continued)—Prequalified PJP Groove Welded Joint Details
(see 5.4.2) (Dimensions in Inches)
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Single-U-groove weld (6)

Butt joint (B) D) /#\
Carner joint (C) o
I
Ty
¥
Lot f
LTEJ R
Base Metal Thickness Groove Preparation
(U = unlimited) Root Opening Tolerances
Root Face Allowed
Welding Joint Bevel Radius | As Detailed | As Fit-Up Welding | Weld Size
Process | Designation T, T, Groove Angle | (see 5.4.2.2) | (see 5.4.2.7) | Positions (S) Notes
R=0 +2, -0 +3,-2
. f=1min. +U, -0 +2 .
SMAW BC-P& & min. u r=6 +6, -0 +2 All D b, etfj
o = 45° +10°, -0° +10°,-5°
R=0 +2, -0 +3,-2
GMAW . f=3 min. +U, -0 +2 .
FCAW BC-P&6-GF 6 min. U r=6 +6.-0 +2 All D abfj
o =20° +10°, -0° +10°, -5°
R=0 +0 +2, -0
. f=6min. +U, -0 +2 .
SAW BC-P8&-5 11 min. U r=6 +6.-0 +2 F D b1,
o =20° +10°, -0° +10°, -5°

Figure 5.2 (Continued)—Prequalified PJP Groove Welded Joint Details (See 5.4.2)
(Dimensions in Millimeters)

AWS D1.1-2020 s,lastest jo PIP igm condg g5 5 old diges 1 VVF g
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PQ

T

)

(1/2)

(1/2) \

'

$
WELD CROSS SECTION SYMBOL
)
(1/2)
1/2
e 3 7 ks
WELD CROSS SECTION 3 SYMBOL

(B)

Figure 7.8—Application of Partial Joint Penetration with the Joint Geometry Optional
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—-| 1-1/8 |-—

{1/2)
1/2
» (1/2)

WELD CROSS SECTION SYMBOL
{C)

% Jr (1/2)

Ny AP

©) WELD CROSS SECTION SYMBOL

Figure 7.8—Application of Partial Joint Penetration with the Joint Geometry Optional
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Table QW/QB-422
Ferrous/Nonferrous P-Numbers
Grouping of Base Metals for Qualification

Minimum Welding Brazing
Specified
Tensile, ksi Group 150 15608
Spec. No. Type or Grade UNS No. (MPa) P-No. No. P-No. Group  Nominal Composition Product Form

Ferrous 1—

AfSA-36 58 (400) 101 . -5 Plate, bar & shapes

AfSA-53 Type E Gr. A K02504 48 (330) . Resistance welded pipe
Af54-53 Type §, Gr. A K02504 48 (330) 101 5 Smls. pipe

AfSA-53 Type E Gr. B K03005 60 (415) 101 . Resistance welded pipe
Af5A-53 Type F K03005 48 (330) 101 . Furnace welded pipe
AfSA-53 Type 8, Gr. B K03005 60 (415) 101 . Smls. pipe

ASME Sec. IX-2019-QW-422 s lailial jo ol (sl b e ok aiws : V) 9
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Guidance for assigning P-Numbers s i

inimum Specified
Tensile Strength TS Range YS Range*

P-No. Grp Ksi  (MPa) Chemistry Ksi (MPa) Ksi (MPa) Generic Base Metal Description
1 1 <70 (485) Max. : 0.30% G, 0.60% Si, 1.70% Mn, 0.045% S, 0.045% P 40-60.5 (275-480)  20-52 (140-360)  Garbon Steel
1 2 70<80 (485<550)  Max. : 0.30% G, 0.60% Si, 1.70% Mn, 0.045% S, 0.045% P 65-78 (450-540) 35.65 (240-450)  Garbon Steal
1 3  80<90 (550<620)  Max. : 0.80% G, 0.60% Si, 1.70% Mn, 0.045% S, 0.045% P 70-85 (485-585) 40-70 (275-485)  Garbon Steel
1 4  90<100 (620<690)  Max. : 0.30% C, 0.60% Si, 1.70% Mn, 0.0456% S, 0.045% P 90-95 (620-655) 70-80 (485-650)  Carbon Steel
2 DELETED (Wrough Iren: No longer used)

3 1 <70 (485) {Mn, 0.5% Mo and/or 0.5% Cr) 53-70 (365-485) 28-50 (195-345)  Low Alloy Steel

3 2 70<80 (485<560)  (Mn, 0.5% Mo andior 0.5% Cr) 70-76 (485-515) 40-45 (275-310)  Low Alloy Steel

3 3 8000 (550-620)  (Mn, 0.25-3.5% Ni, 0.25-1.75% Cr, 0.5% Mo, V) 80-00 (550-620) 50-70 (345-485)  Low Alloy Steel

4 1 5585 (380-585)  1.25% Cr- 0.5% Mo 55-85 (380-585) 25.60 (170-415)  Low Alloy Steal

4 2 80 (415) (0.75% Cr, 0.5-0.75% Ni— Cu-Mo) 60 (415) 35.97 (240-255)  Low Alloy Steel

5 DELETED (Reclassiflied as P-No. 5A, 5B, 5C)

5A 1 6075 (415516)  2.25:3% Cr, 1% Mo 60-85 (415-585) 25.55 (170-380)  Alloy Sleel

5B 1 6090 (415-620)  5-10% Cr, 1% Mo 60-90 (415-620) 25-65 (170-450)  Alloy Sleel

5C 1 85 (585) (2.25-3% Cr, 1% Mo, V, Ti, B) 85 (585) 56-60 (380-415)  Quench and Tempered 2.25Cr-1 Mo (P-No. 6A) metals
5¢ 2 DELETED (Reclassified as P-No. 15E)

5C 3 05 (655) (2.25-3% Cr, 1% Mo, V, Ti, B) 95 (655) 75 (515) Quench and Tempered 2.25Cr-1 Mo (P-No. 5A) metals
5C 4 105  (725) (2.25-3% Cr, 1% Mo, V, Ti, B) 100-105 (690-725)  75-85 (515-585)  Quench and Tempered 2.25Cr-1 Mo (P-No. 5A) matals
5C 5 1156  (795) (2.25-3% Cr, 1% Mo, V, Ti, B) 115 (795) 100 (690) Quench and Tempered 2.25Cr-1 Mo (P-No. 5A) metals
6 1 >=70 (485) (12-13% Cr) 60-70 (415-485) 30-40 (205-275)  Martensitic Stainless Steel (12% Cr)

6 2  60-65 (415-450)  (15%Cr) 60-65 (415-450) 30-35 (205-240)  Martensitic Stainless Steel (12% Cr)

6 3 85130 (585-896)  (13%Cr) 85-130 (586-895)  55-110 (380-760)  Martensitic Stainless Steel (12% Cr)

6 4 00115 (620-796)  (13% Cr, 4-4.5% Ni, Mo)(12.5%Cr, 2 Ni) 100-115 (690-795)  75-90 (515-620)  Marlensitic Stainless Steel (12% Cr)

7 1 5560 (380-415)  (12%Cr, Al Ti) 5570 (380-485) 25.50 (170-350)  Feritic Stainless Steel (11-18% Cr)

7 2 6070 (415-486)  (18% Cr, 2% Mo) 60-70 (415-485) 30-45 (205-310)  Feritic Stainless Steel (11-18% Cr)

Guidance for assigning P-Numbers Table QW/QB-422

Minimum Specified
Tensile Strength TS Range YS Range*

P-No. Grp Ksi  (MPa)  Chemistry Ksi (MPa) Ksi (MPa) Generic Base Metal Description
8 1 6500 (450-620)  (16-18% Cr, 8-18% Ni, Ti, Nb, N) 65-90 (450-620) 25.50 (170-345)  Austenitic Stainless Steel (18% Cr, 8% Ni)
8 2 6587 (450-600)  (21-26% Cr, 11-20% Ni, Ce, Nb, N) 62-87 (425-600) 28-46 (195-310)  Austenilic Stainless Steel (18% Cr, 8% Ni)
8 3 00-100 (620-690)  (17-22% Cr, 4-13% Ni, 4-12% Mn, 2% Mo, Nb, V, N} 75-105 (515-725)  38-60 (260-415)  Austenitic Stainless Steel (18% Cr, 8% Ni)
8 4  00-100 (620-690)  (17-20% Cr, 14-18% Ni, 4.5-6% Mo, Cu, N) 75-115 (515-795)  30-60 (205-415)  Austenitic Stainless Steel (18% Cr, 8% Ni)
9A 1 6370 (435-485) 2% Ni 60-70 (415-485) 30-46 (205-315)  Nickel Alloy Steel
OB 1 6585 (450-585) 3.5%Ni 65-80 (450-550) 35-55 (240-380)  Nickel Alloy Steal
9C 1 >=70 (485) 4.5% Ni 70 (485) 40 (275) Nickel Alloy Steel
10A 1 751056 (515725  (Mn,V) 75-105 (516725) 5570 (380-485)  (Mn, V Steel)
10B 1 60 (415) (1% Cr, V) 60 (415) 30 (205) (1% Cr, V Steel)
10G 1 81-83 (560-570)  (C,Mn, Si) 81-83 (560-570) 50 (345) (C, Mn, Si Steal)
10D 1 OPEN - NOT USED
10E 1 OPEN - NOT USED
10F 1 DELETED (UNS J13005, J13047 castings reclassified as P-No. 3

Grp 3)
106 1 DELETED (UNS N08603 castings reclassified as P-No. 45)]
10H 1 87-110 (600-760)  (18-20% Cr, 1.5-4.5% Mo, 3-8% Ni) 87-116 (600-800)  58-94 (400-650)  Duplex Stainless Seel
101 1 6070 (415-485)  (26-27% Cr, 1% Mo) 60-90 (415-620) 35.75 (240-515)  Super Ferritic Stainless Steel
10J 1 70-80 (485-550)  (29% Cr, 4% Mo) 70-80 (485-550) 55-60 (380-415)  Super Ferritic Stainless Steel
10K 1 70-85 (485-585)  (26-29% Cr, 3-4% Mo, 2-2.5% Ni} 70-85 (485-585) 55-65 (380-450)  Super Ferrilic Stainless Steel
11A 1 100 (690) (8-9% Ni) 93-100 (640-690)  71-85 (490-585)  Low Alloy Stesl: Quench & Tempered
1A 2 95 (655) (5% Ni, 0.25% Mo) 95 (655) 65 (450) Low Alloy Stesl: Quench & Tempered
11A 3 105-115(725-795)  (0.5% Cr, 0.5% Ni, 0.25% Mo) 105115 (725-795)  85-05 (585-655)  Low Alloy Steal: Quench & Tempered
11A 4 100 (690) (Mn, 0.5% Mo, <1%Ni) 100 (690) 83 (570) Low Alloy Stesl: Quench & Tempered
1A 5 105 (725) (2.75-3.5% Ni, 1.5-1.75% Gr, 0.5% Mo, V) 105 (725) 80-85 (550-585)  Low Alloy Steel: Quench & Tempered
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Guidance for assigning P-Numbers ole OWIAB-122
inimum Specified
Tensile Strength TS Range YS Range*
P-No. Grp Ksi (MPa) Chemistry Ksi (MPa) Ksi (MPa) Generic Base Metal Description
11B 1 115-135(795-930)  (0.5% Cr, 0.25% Mo, Si) 110-115 (760-795) 100 (690) Low Alloy Steal: Q&T with 105 Ksi (725 Mpa) Min TS
11B 2  105-135(725-930)  (1.75% Cr, 0.6% Mo, Cu) 100-115 (690-795)  100-90 (690-620)  Low Alloy Steel: Q&T with 105 Ksi (725 Mpa) Min TS
11B 3  115-135(795-930)  (0.75% Ni, 0.5% Cr, 0.5% Mo, V) 105115 (725-795)  100-00 (690-620) Low Alloy Steal: Q&T with 105 Ksi (725 Mpa) Min TS
11B 4  116-135(795-930)  (0.5% Cr, 0.2% Mo, V) 110-115 (760-795) 100 (690) Low Alloy Steel: Q&T with 105 Ksi (725 Mpa) Min TS
1B 5 DELETED [A/SA-517 Grade D: (1Gr, 1/5Mo, Si) TS: 115 ksi (795
MPa)] ASTM Discontinued
11B 6  116-135(795-930)  (0.5% Mo) Low Alloy Steel: Q&T with 105 Ksi (725 Mpa) Min TS
1B 7 OPEN - NOT USED Low Alloy Steal: Q&T with 105 Ksi (725 Mpa) Min TS
11B 8  116-135(795-930)  (1.25% Ni, 1% Cr, 0.5% Mo) 100-115 (690-795)  100-90 (690-620)  Low Alloy Steel: Q&T with 105 Ksi (725 Mpa) Min TS
1B 9 (1.3% Ni,1.3% Cr, 0.5% Mo, V) 100-110 (690-760)  90-100 (620-690) Low Alloy Steel: Q&T with 105 Ksi (725 Mpa) Min TS
11B 10 116-140(795-965)  (2.75-3.5% Ni, 1.5-1.75% Cr, 0.5% Mo, V) 116 (795) 100 (690) Low Alloy Steel: Q&T with 105 Ksi (725 Mpa) Min TS
16 1 (1% Ni, 1% Cu, 0.75% Cr, Mo, Nb) 65-75 (450-515) 55-65 (380-450)  Alloy Steel - Age Hardening
12 DELETED
18A OPEN - NOT USED Creep Strength Enhanced Ferritic Alloys
168 OPEN - NOT USED Creep Strength Enhanced Ferritic Alloys
18C 1 74 (510) 2.26% Cr (up to 3%) Creep Strength Enhanced Ferritic Alloys
15D OPEN - NOT USED Creep Strength Enhanced Ferritic Alloys
15E 1 85 (585) 9% Cr 85-01.5 (585-630)  60-65.5 (415-450) Greep Strength Enhanced Ferritic Alloys
15F 1 90 (620) 12% Cr Creep Strength Enhanced Ferritic Alloys
21 814  (55-07) Aluminum — Unalioyed (Al, 1.0-1.5% Mn, Cu) 818 (55-125) 2.5-6 (17-41) Aluminum and Aluminum Alloys
22 22.31 (150-215)  (Al, 0.8-3.9% Mg, 0.2-1.5% Mn) 21-31 (145-215) 8-12 (55-83) Aluminum and Aluminum Alloys
23 1724 (115-165)  (Al, Mg, Si, Cu) 17-24 (115-165) Aluminum and Aluminum Alloys
24 OPEN - NOT USED Aluminum and Aluminum Alloys
25 3641 (240-285) (Al 3.56.1% Mg, 0.4-1.0% Mn) 35-42 (240-290) 14-19(97-130)  Aluminum and Aluminum Alloys

*Minimum specified YS values were extracied from material specifications for the grades listed in Table QW/QB-422. The range is provided only for comparison with different material grouping
systems used by the other national and international standards.

Guidance for assigning P-Numbers ote W o522
inimum Specified
Tensile Strength TS Range YS Range*
P-No. Grp Ksi wpa) Chemistry Ksi (m Kﬂpa) Generic Base Metal Description
26 Caslings 17-30 (115-205) 6-11.5 (41-B0) Aluminum and Aluminum Alloys
31 30-38 (206-260)  Copper - Unalloyed (Cu, Ag, As, P, Fe) 28-45 (185-310) 8-15 (55-105) Copper and Copper Alloys
32 40-72 (275-495)  (60-85% Cu, 20-40% Zn, 2% Al, 1% Sn, Sb, As, Ag, P) 40-72 (275-495) 12-94 (83-235)  Copper and Copper Alloys (Bronze & Brass)
33 40-85 (275-585)  (Cu, 1.6-3.5% Si) 40-52 (275-360) 12-18(83-125)  Gopper and Copper Alloys
34 38-63 (260-435)  (66-00% Cu, 10-30% Ni, 2% Fe, 2% Mn) 38-52 (260-360) 12-25(83-170)  Gopper and Copper Alloys (Copper Nickel)
35 50-00 (345-620)  (81-05% Cu, 5-11% Al, 5% Ni, 3-4% Fe) 50-00 (345-620) 19-42 (130-200)  Copper and Copper Alloys (Aluminum Bronze)
41 50-70 (345-485)  Nickel - Unalloyed 50-55 (345-380) 10-15 (69-105) Nickel and Nickel Alloys
42 70 (485) (67% Cu, 30% Ni) 65-70 (460-485) 25.32.6 (170-225) Nickel and Nickel Alloys (Monel)
43 105-120 (726-825) (34;;2’3;; Né, ;529% Cr, 8-16% Mo, 5-18% Fe, 14% W, 13% Co, 70-120 (485-825)  25-60 (170-415)  Nickel and Nickel Alloys (NiCrFe Alloys)
.5% Nb, Gu|
44 65-110 (450-760)  (62-70% Ni, 16-20.5% Mo, 1.3-7% Cr, 2-5% Fe, 13% Co, 3.5% 72-115 (495-705)  40-51 (275-350)  Nickel and Nickel Alloys (NiMo, NiMoGr Alloys)
Nb, Cu, Al, W)
45 65-100 (450-750)  (21-49% Ni, 165-46% Fe, 20-33% Cr, 1.57% Mo, 18% Co, 3% W,  62-112(425-770)  25-55(170-380)  Nickel and Nickel Alloys (NiFeCr Alloys)
2.3-3% Cu, Nb, Al, Ti, N)
46 70-00 (485-620)  (35-37% Ni, 19-28% Cr, 1.25-2.7 Si, 30% Co) 70-00 (485-620) 30-35 (205-240)  Nickal and Nickel Alloys (NIGrSi Alloys)
47 DELETED (UNS N06230 Reclassified as P-No. 43)
48 OPEN - NOT USED
49 120 (825) (Co, 26% Cr, 9% Ni, 5% Mo, 3% Fe, 2% W) 120 (825) 55 (380) Coball Alloys
51 3550 (240-345)  Titanium - Unalloyed (Alpha) (Ti, Pd, Ru) 35-68 (240-400) 20-40 (140-275)  Tilanium and Titanium Alloys
52 6570 (450-485)  Tilanium - Unalloyed & Alloyed (Alpha) (Ti, 0.3% Mo, 0.8% Ni) 65-70 (460-485) 50-55 (345-380)  Tilanium and Titanium Alloys
53 90 (620) Titanium - Alloyed (Alpha-Beta) (Ti, 3% Al, 2.5% V) 90 (620) 70 (485) Titanium and Titanium Alloys
54 TBD 70 (485) Titanium - Alloyed (Alpha) (Ti, 0.3% Mo, 0.8% Ni) *previous P-52 Titanium and Titanium Alloys
61 [13 (380) Zirconium - Unalloyed 55 (380) 30 (205) Zirconium and Zirconium Alloys
62 80 (550) Zirconium with 2.5% Nb 70-80 (485-550) 55 (380) Zirconium and Zirconium Alloys

*Minimum specified Y5 values were extracted from material specifications for the grades listed in Table QW/QB-422. The range is provided only for comparison with different material grouping
systems used by the other national and international standards.
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Table QW/QB-422
Ferrous/Nonferrous P-Numbers
Grouping of Base Metals for Qualification (Cont'd)
Minimum Welding  Brazing
Specified 150
Alloy, Type, or Tensile, ksi 15608
Spec. No. Grade UNS No. (MPa) P-No. P-No. Grou, Nominal Composition Product Form
Nonferrous s—------
B16 C36000 40 (275) 107 NA 65Cu-Zn-3Pb Bar > 1 in. (25 mm)
B1& C36000 44 (305) 107 NA 65Cu-Zn-3Pb Bar £ 1 in. (25 mm)
Bl6 C36000 40 (275) 107 NA 65Cu-Zn-3Pb Rod > Zin. (51 mm)
Bi6 C36000 44 (305) 107 NA 65Cu-Zn-3Pb Rod = 1 in. = 2 in, (25 mm = 51 mm), incl
B16 C36000 48 (330) 107 NA 65Cu-Zn-3Ph Rod 5 1 in. (25 mm)
B16.18 CHI600 30 (205) 107 NA 55n-5Zn-5Pb Cast fitdngs
B16.18 83800 30 (205) 107 NA 4Sn-6.52n-6Ph Cast fittings
B16.18 CB4400 29 (200) 107 NA 255n-8.5Zn-7Pb Cast fittings
B16.22 C10200 30 (205) 107 NA 99.95Cu-P Wrought piping fittings
B16.22 C12000 30 (205) 107 NA 999Cu-P Wrought piping fittings
B16.22 C12200 30 (205) 107 NA 999Cu-P Wrought piping fittings
B16.22 23000 40 (275) 107 NA 85Cu-152Zn Wrought piping fittings

ASME Sec. IX-2019-QW-422 s laibewl jo sl 8 sl Jb e gom s 1 \Ye gl
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Grp. Type, Grade, or UNS
P-No. No. Spec. No. No.
Steel and Steel Alloys

1 1 A/SA-36 -

1 1 AJSA-53 Type E, Gr. A

1 1 AJSA-53 TypeE, Gr. B

1 1 A/SA-53 Type F

1 1 AfSA-53 Type 5, Gr. A

1 1 AfSA-53 Type S, Gr. B

NONMANDATORY APPENDIX D
P-NUMBER LISTING

Grp. Type, Grade, or UNS
P-No. No. Spec. No. No.
Steel and Steel Alloys (Cont'd)
1 1 AfSA-369 FPA
1 1 A/SA-369 FPB
1 1 AJSA-372 A
1 1 A381 Y35
1 1 A381 Y42

ASME Sec. IX-2019 APP. D s sl ) Jb yie sk 4w : ¥\ g8
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3405 ax>l,0 ASME Sec. IX QW 420 (Base Metal Groupings) I,51,L 4 wb 38 Jlgw o> sy

QW-420 BASE METAL GROUPINGS

P-Numbers are assigned to base metals for the purpose
of reducing the number of welding and brazing procedure
qualifications required.

P-Numbers are alphanumeric designations: accord-
ingly, each P-Number shall be considered a separate

P-Number {e.g., base metals assigned P-No. 5A are consid-
ered a separate P-Number from those assigned P-No. 5B
or P-No. 5C).

In addition, ferrous base metals have been assigned
Group Numbers creating subsets of P-Numbers that are
used when WPSs are required to be qualified by tough-

el oals (b g5850 (nl (295 @ SISLL (nl o

ness testing by other Sections or Codes. These assign-
ments are based essentially on comparable base metal
characteristics, such as composition, weldability, braze-
ability, and mechanical properties, where this can logi-
cally be done. These assignments do not imply that base
metals may be indiscriminately substituted for a base me-
tal that was used in the qualification test without consid-
eration of compatibility from the standpoint of
metallurgical properties, postweld heat treatment, design,
mechanical properties, and service requirements.

ASME Sec. IX-2019 s,lastesl ;o (P-NO.) Jb o (g aiws 1 VYY pguas
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Base Metal Welding Brazing
Steel and steel alloys  P-No. 1 through P-No. 101 through
P-No. 15F P-No. 103
Aluminum and P-No. 21 through P-No. 104 and P-No.
aluminum-base P-No. 26 105
alloys
Copper and copper- P-No. 31 through P-No. 107 and P-No.
base alloys P-No. 35 108
Nickel and nickel- P-No. 41 through P-No. 110 through
base alloys P-No. 49 P-No. 112
Titanium and P-No. 51 through P-No. 115
titanium- base P-No. 53
alloys
Zirconium and P-No. 61 and P-No. P-No. 117
zirconium-base 62
alloys

ASME Sec. IX-2019-QW-420 o ,lastewl jo LT 5LT obal p LU jio (goss aws = VWYY g
By, a5 Cawl cpl ] 9 0,08 8929 B G o b e aie; ,0 ASME Sec. IX-2019 (QW-422) Jgox ;o
3 lsbiwl Slowwss =35 "SA-106 Gr B" sile il sots Laseiw (Ferrous) ool sl e slp a5 "SA" wiginy
e3> Al odd astive jelite ek sl a5 A" Wigdi B> Jg sies P-No./ Gr.-No. l,ls 3 sis ASME
S-No./ Gr.- 4l,ls 2010 Jls 51 L3 sle ol> ,0 QW-422 s> 0 a5) .acews ASTM s ot cloends
oS "SB" Wigituy gy Cymizman (28,5 413 P-NO. )] gl 5 0t Bi> S-NO. ax 4, 2010 Lo 51 a5 wogs NoO
5 9w ASME & jlastin) @lopnss = 5> "SB-42" asle &l ooy aseio (Nonferrous) ol . sl yo slp
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QW/QB-422 FERROUS/NONFERROUS P-NUMBERS AND S-NUMBERS
Grouping of Base Metals for Quallficatlon

2007 SECTION IX

Ferrous

Minimum Weldlng*
Specified

Tensile, - Groupy” S- -
ksi (MPa) . No. \No. No._/ No. No.

58 (400) 101 C-Mn-5i

48 (330) ... C
48 (330) 101 c
48 (330) 101 c
60 (415) ... 101 ... C-Mn
60 (415) ... C-Mn
C
c
C
i}

Brazing

UNS
Type or Grade No.

Groupy P S-

Spec. No.
Sh-36

SA-53
SA-53
SA-53
SA-53
SA-53
Alog
Alo8
Alos
Alo8

Product Form

Nominal Composition

Koze00 Plate, bar & shapes

Type F
Type S, Gr. A
Type E, Gr. A
Type E, Gr. B
Type 5, Gr. B

1015 CW
1018 CW
1020 CW
8620 CW

Furnace welded pipe
Smls. pipe

Resistance welded pipe
Resistance welded pipe
Smls. pipe

Bar

Bar

Bar

Bar

K02504
Ko2504
K03005
K03005
G10150
G10180
610200
G86200

ASME SeC. IX o)lq.,l.wl 2007 JLA u""")"ﬁ o S-NO S99t \YY

&0 (415)
60 (415)
60 (415)

90 (620) .5N1-0.5Cr-Mo

Ry

Table QW/QB-422
Ferrous/Nonferrous P-Numbers
Grouping of Base Metals for Qualification

Minimum
Spedfied
Tensile, ksi
(MPa)

Welding Brazing

150 15608
P-No. Group _ Nominal Composition

Ferrous

Group

No. Product Form

Type E.Gr. A

Type 5, Gr. A

Type E.Gr. B
Type F

KO02504
K02504
KO03005
KO03005

58 (400)

48 (330)
48 (330)
60 (415)
48 (330)

10

C=Mn-5i

c
[

[

Plate, bar & shapes

Resistance welded pipe
Smls. pipe

Resistance welded pipe
Furnace welded pipe

KO03005
G10150
G10180
G10200
GBE200

Type S, Gr B
1015 CW
1018 CW
1020 CW
8620 CW

Smls. pipe
Bar
Bar
C Bar
0.5Ni-0.5Cr-Mo Bar

60 [415)

o e e e
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Table QW/QB-422
Ferrous/MNonferrous P-Numbers
Grouping of Base Metals for Qualification {Cont'd)

Minimum
Specified
Tensile, ksi
[MPa)

Welding Brazing

Group
No.

150 15608

Type or Grade P-No. P-No. Group

Ferrous [Cont"d)
101 kA | C-Mn
101 i C-Mn
101 C=Mn
101 C-Mn
101 C=Mn
101 C-Mn
101 C-Mn

Nominal Composition Product Form

X700
2 xr000
2l xa00s
'f XBOM

¥ xsomo

83 (565)
83 (565)
83 (565)
91 (625)
91 (625)
91 (625)
91 (625)

60 (415)
63 (435)
66 (455)
71 (490)
75 (515)
77 (530)
82 (565)

Smils. & welded pipe
Smls. & welded pipe
Smis. & welded pipe
‘Welded pipe

‘Welded pipe

Smis. & welded pipe
Smils. & welded pipe

4 X80Q

»

XEB0Q0

WPHY-42
WEHY-16
WPHY-52
WPHY-56
WPHY-50
WPHY=65
WERHY-70

MES SP-75
MSS $P-73
MSS SP-75
MS5 5P-75
MSS §P-75
M55 5P-75
M33 SP-75

101 B C-Mn
101 3 C-Mn
101 R C-Mn
11 . C-Mn
101 . C-Mn
101 C=Mn
101 « C-Mn

Smils. & welded fittings
Smls. & welded fitings
Smils. & webded fittings
Smls. & welded fittings
Smls. & webded fittings
Smils. & webded fittings
Smls. & welded fittings

W R B R e o e B BB B W W W
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Table QW/QB-422
Ferrous/Nonferrous P-Numbers

Grouping of Base Metals for Qualification (Cont'd)

UNS Na.

Minimum
Specified
Tensile, ksi
[MFa)

Welding  Brazing

150
15608
P-No. P-Na. Group Nominal Composition Product Form

C12200
23000

ADISED
AD3560
AZ4430

CI0200
C12000
12200

23000
C92200
23600

30 (205)
40 (275)

30 (205)
25(170)
17 (115)

30 (205)
30 (205)
30 (205)

40 (275)
30 (205)
30 (205)

\ / Nonferrous [Cont’d)
—
107 NA 959.9Cu-P Wrought piping fittings
107 NA B5Cu-15n Wrought piping fttings

242 Al-Si-Mg Castings
242 Al-Si=Mg Castings
241 Al-5i Castings

99.95Cu-P Smlz. pipe
99.9Cu=P Smils. pipe
99.9Cu-P Smis. pipe

B5Cu-15Znm Smils. pipe
BBCu-Sn-Zn-Pb Castings

B5Cu-55n-5Zn-5Pb Castings

ASME Sec. IX-2019 s lasteul jo ool e sle JU o cuwnd o Group Number sae : VYV g

Carbon Steel, Carbon-Manganese Steel, Carbon-Manganese-Silicon Steel sll e sl Sis

Jls ialng 5o oplpls il 00,8 (soss atws P-NO. 1 loie o 05,5 o o sl iyl |y o S5g aw ol a5
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Sl gainds a5 cool ool i ,as Gr. No. G (Ferrous) ol sl 0 P-No. o gly cpizen
S Jodl oS ito slales o (Ferrous) ol sl o 00,5 Lasein a5 oog Lo ol & o Gr. No.

R T sl o0 Gr. No. 09,5 ¥ Ll P-No. 1 Sl sz Lo ok .05, las

Jb e YY# olaas 4 P-No. 1-Gr.-No. 1 — Jgl 09,5

Jb e VoA sl 4 P-No. 1-Gr.-No. 2 55 04,5

Jb e YA slaws & P-No. 1-Gr.-No. 3 —p5m 04,5
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ke 42 g9



ASME, API, AWS, ASTM & IPS... slos,laitiw! 51 50,18 olSs
a5

bl oo 20l 5y Cllassl & pad 228 alSociul JBlas 2al38l b aS oy o Sl a4y i ol S0l s -
ASME Section VIII-Div. 1-Pressure Vessel 4 ASME B31.3-Process Piping sles labs! v,
0l iz (65, ke b g it plouinl JBlas iol38l b a s cad anl B 0 aS 0gh e 48,5 amil jghaty]
ool b ols5 go Jlyie oS poabess 5 S plSmial o ial33l sgs b a¥ly 5 otes il (oo I3 5 oY
S5 a3l 50 1y Ll e isSil gy Bllasi] st B ogas olgi ol ails 5uy sl U1y b e coilos by, SuiSS
Sl 0uls ol 30 45630 Yos a5

ool Bl o5 aaxlye A 358 8, kiul 55 40 4pb Ced U ndy e sla Joox 4 oly e i eI (sl
YW PR

: Piping ,o Jol Jlo gy — et
dg) slo piwcw 4 by e a5 ASME B31.3-Process Piping-2016 sl ;o Table 323.3.5 Jgux> o

Dl C8S el L;J.;J)é CIRRAY

\‘ Table 323.3.5 Minimum Required Charpy V-Notch Impact Values

4

\ Fully Deoxidized Other Than Fully
Specified Minimum No. of Specimens \ Jteels Deoxidized Steels
Tensile Strength [Note (1)] \‘ Joules ) ft-Ibf Joules ft-1bf
\-..-/

(a) Carbon and Low Alloy Steels ‘\
\
448 MPa (65 ksi) and less ‘-—_—_ Average for 3 specimens 13
Minimum for 1 specimen 10

Over 448 to 517 MPa (75 ksi) ‘l—_—_ Average for 3 specimens 15
Minimum for 1 specimen 12

Over 517 but not incl. 656 MPa (95 ksi) ‘—_ Average for 3 specimens 20
Minimum for 1 specimen 15

Lateral Expansion

656 MPa and over [Note (3)] Minimum for 3 specimens 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.)

NOTES:

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

(2) Energy values in this Table are for standard size specimens. For subsize specimens, these values shall be multiplied by the ratio of the
actual specimen width to that of a full-size specimen, 10 mm (0.394 in.).

(3) For bolting of this strength level in nominal sizes M 52 (2 in.) and under, the impact requirements of ASTM A320 may be applied. For
bolting over M 52, requirements of this Table shall apply.

Process Piping-2016 «glie sldl yo sl a0 cand slp p3Y (Ush) 8550 lode : VYA pgas

139 J9uz (o
Aol Blas @ azgi bl JU e lp oads Q> (65,0 Hlate a5 04l 0 adnie 338 Jgdz @ (y0ged B3 L
il Gilhe Ll o288
ST oS s S lo Jbye -
14T Jslas S5 aiges lp g 18 T ankad as .Sl jieS 3 65 K1 S plSoeinl Jélos L
16 J Jolo> S5 aiges sy 920 J ankad as 1550 65 <75 Kisi  aetsS alSoeial JBlo L
20T Jolos S5 aiges gl 927 T ankad as . 55le 75 <95 Kis1  aeisS alSoeinl Bl L
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ASME Sec. VIII-Div. 1-Pressure Vessel-2019 ;s pgo Jlio ooy o skt
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.(Minimum specified yield strength) o coul oudus

Figure UG-84.1M
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 655 MPa, Listed in Table UCS-23
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GENERAL NOTES:

(a) Interpolation between yield strengths shown is permitted.

(b) The minimum impact energy for one specimen shall not be less than %; of the average energy required for three specimens. The average
impact energy value of the three specimens may be rounded to the nearest J.

(c) Material produced and impact tested in accordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, impact tested SA/AS 1548 (L
impact designations), SA-437, SA-540 (except for materials produced under Table 2, Note 4 in SA-540), and SA-765 do not have to satisfy
these energy values. See UCS-66(g).

(d) For materials having a specified minimum tensile strength of 655 MPa or more, see UG-84(c)(4)(-b).

NOTE:

(1) Average of three specimens.

Pressure Vessel-2019 s lastel jo oglate sledl yio sl a0 s sl o3 (Ug5) 6550 oo : VYA pguas
b e puds plSoxinl J8las ax 2 a5 00,5 o atiie wed 8o Figure UG-84.1M -\Y1 oai 4 axili>

Sgaaly> iy 55 Jb e OF 551 Jsg iz jlade a3l iy



ASME, API, AWS, ASTM & IPS... slos,laitiw! 51 50,18 olSs
ay

: API-650-Storage Tank-2020 ;o pgu Jlio cuo, p skt
dw a4 aiS ploeil L 5l Jbyie 9.2.1.3 GISTL sl (gl 0,053 3B cils 4 bgpe ojlailial o
i) Gllas (g (o el diwd

[9.21.3 Material specifications listed in Section 4 of this standard but not included in Table QW-422 of Section X of
the ASME Code shall be considered as P-No. 1 material with group numEers assigned as S follows ¢ accordmg to the
minimum tensile strength specified: e

a) less than 485 MPa (70 ksi)—Group 1;*;-;-..—_

b) equal to or greater than 485 MPa (70 ksi) but less than 550 MPa (80 ksi)—Group 2; ‘!-r.—.e

¢) equal to or greater than 550 MPa (80 ksi)—Group 3. djp===== AP STANDARD 650
API 650-2020 o jlailbewl jo c2uaS alSoiwl Blas bl p JU e (goi aws : VW pgas
S ol Blas bl p a5 U e o atws 4 axg5 L API-650-Sorage Tank-2020 o,laibes! o
295 85 5 S 4l o G155 008 i (5350 a5 e e o2t plSil JBlas 28 b il o
' 9.2.2.5 Impact tests shall show minimum values for acceptance in accordance with 4.2.9.3 and the following:
a) for P-No. 1, Group 1, materials—20 J (15 ft-Ibf), average of three specimens;

b) for P-No. 1, Group 2, materials—27 J (20 ft-Ibf), average of three specimens;

c) for P-No. 1, Group 3, materials—34 J (25 ft-Ibf), average of three specimens.

For shell plates thicker than 40 mm (1'/2 in.), these values shall be increased by 7 J (5 ft-Ibf) for each 13 mm (1/2in.)
over 40 mm (11/2 in.). Interpolation is permitted. API| STANDARD 650

API 650-2020 s lastiwsl yo Sglaze slodb o sl arpo s 6l p3Y (Jg5) 6550 Hlade : VY)Y g
sledb e 51 920 T Jlaie Group 1 slodb e 4 bgsyo 50 s ankad aw nSiko 61 9.2.2.5 G151 -
Sygo opl e 50 39d i (Jg5) 855 el o0 34 T Jlaie Group 3 lb e 1y 927 T lais Group 2

4.29.7 The testmg apparatus, including the calibration of impact machlnes and the permissible varlatlons in the

standards or ISO standards AP| STANDARD 650

Designation: A 370 (1) The test result equals or exceeds the specified minimum
average (given in the specification),

ITRRNATIONAL (2) The individual test value for not more than one speci-

CHARPY IMPACT TESTING men measures less than the specified minimum average, and

(3) The individual test value for any specimen measures
not less than two-thirds of the specified minimum average.

27. Interpretation of Test Result
27.1.1.1 The test result is acceptable when all of the below
are met:

ASTM-370-18 s lastiwl jo (S5 ankad G (gl a0 Cans 50 23Y (Ug3) 6550 Jloke : VWY pyga3
S5 askad Sy sl m3Y (Usd) 65,0 ylie aziliz ASTM-370-2018 s lustesl 5127.1.1.1 (3) GI,31,4 -
Ll 00l aseiie &S Sl S0l Slade /3 e ol Hlade all sais astie
Minimum for 1 specimen !, a5 ¢3Y (Jsy) 550 yloie API 650-2020 s lastew] jo aSul & a>g5 L >
T (oo sy 0y asiio a5 uSileo e 51 3 cdmsline oy 5l ot yaseics
ol g el oS> 55 ASME Sec. VIII-Div. 1-Pressure Vessel-2019 s luitiwl jo g5l uod 04 axg5
) llae .ol oo o8 Figure UG-84.1M -\Y4 545 5l GENERAL NOTES: (b) ,o ;58
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GENERAL NOTES: (b)

(b) The minimum impact energy for one specimen shall not be less than */5 of the
average energy required for three specimens. The average impact energy value of
the three specimens may be rounded to the nearest J.

Mgl cdo
e jokas el B> (gogdla sae I oS 5 LT (sais azws P-NO. T (sla b e B o JU e 5l ms 25 =
Sl 0 20595 calies Jade 4 N1 L 5 Cr o cols 5UT a0 o U yie a6l ;o ilg -

0aisS yuens CT o0 jladie fpued a5 .l Sgliie Cr aoy0 P-No. 5A, 5B, 5C slo JU e o V= Jlio —sesies
g CBS sy lade 4ol oo

(Cr=3% Max.) L el plp Cr 5UT oo ,0 P-No. 5A o5,5

(Cr=9 % Max.) L cwl plp Cr 5WT as,0 P-No. 5B o4 5

(Cr=3%, + Mo = 1% Max.) L cwl pl, Cr 5WT s ,0 P-No. 5C o4 5

et NI oo Jlade cred a5 Conl Sglise N1 s yo P-No. 9A, 9B & 9C slo JU o jo V- Jlie —sesiest
g B0 sy lade 4y ol oo 0uisS

(N1=2.5 % Max.) L el 5l N1 5UT oo ,0 P-No. 9A o5 ,5

(Ni=13.5% Max.) L cwl pl Ni 5L7 oo ,0 P-No. 9B o4 5

(N1=4.5 % Max.) L cwl plp N1 5WT s ,0 P-No. 9C o4 5

s NI dwo )0 50 et a5 .ol Sglae N1 ssyo P-No. 11A, 11B & 11C sla JU oo jo ¥ Jlis —seses
D5 CBS 1y salade 40l oo 0uisS

(Ni=9% + Mo =0.5% Max.) b el I, NI 5UT as 0 P-No. 11A o5 5

(N1=3.5% + Mo =0.5 % Max.) b el 5l N1 5U7 s ,0 P-No. 11B o4 5

(Ni=1%+Cr=0.75 % Max.) b ¢l ol Ni 5T 0o ,0 P-No. 11C o4 ,5

Sglaie N1, Cr & Mo as,s P-No. 10A, 10B, 10C, 10H, 101, 10J & 10K sla JU e jo F- Jlio —seses
g CBS pj sl laie 4 il oo oS yuad NI, Cr & MO vio )0 jlois fron a5 .l

(N1=0.5+V % Max.) L el 5l N1 5UT a0 P-No. 10A o4 5

(Ni=1+V % Max.) L el 5l N1 5UT a0 P-No. 10B o4 5

(N1=0.) L el ol Ni 5UT a0 P-No. 10C o4 5

(N1=8 % + Cr=29 % Max.) L cwl plp N1 5L1 oo ,0 P-No. 10H o4 5
Ni=4%+Cr=27%+Mo=1 % Max.) b cwsl I, Ni 5T as,0 P-No. 101 o4 5
(Ni=0%+Cr=29+ Mo =4 % Max.) b ¢l 5l Ni 5T as,0 P-No. 10J o4 5

(Ni=3%+ Cr=29+ Mo =4 % Max.) L cwl pl» Ni 5T as,s P-No. 10K o4 5

(Ferrous) ol slo JU e Gr.-No. 3 P-No. ;| s LI -
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P-No.-1 & Gr.No. 1,2,3 and 4
P-No.-2 -Deleted

P-No.-3 & Gr. No. 1, 2 and 3
P-No.-4 & Gr. No. 1 and 2
P-No.-5A & Gr. No. 1
P-No.-5B & Gr. No. 1
P-No.-5C & Gr.No. 1,3,4 and 5
P-No.-6 & Gr.No. 1,2, 3 and 4
P-No.-7 & Gr. No. 1 and 2
P-No.-8 & Gr.No. 1,2,3 and 4
P-No.-9A & Gr. No. 1
P-No.-9B & Gr. No. 1
P-No.-9C & Gr. No. 1
P-No.-10A & Gr. No. 1
P-No.-10B & Gr. No. 1
P-No.-10C & Gr. No. 1
P-No.-10F & Gr. No. -Deleted
P-No.-10G & Gr. No. -Deleted
P-No.-10H & Gr. No. 1
P-No.-10I & Gr. No. 1
P-No.-10J & Gr. No. 1

P-No.-10K & Gr. No. 1

P-No.-11A & Gr. No. 1,2,3,4and 5
P-No.-11B & Gr.No. 1,2, 3,4, 8,9 and 10
P-No.-11C & Gr. No. 1

P-No.-15E & Gr. No. 1

$eee> Uniform Numbering System (UNS) - m

el 00s] iz UNS No. 350 ,s CASTI Guide ASME B31 .3 ks o
gy 05950l o5 L5LIT (6,10l (sl pimns 31 (6 )kommy lslid (6l (G (g, < Ly (65155 0 lonlh pranins”
e ol 3 1 el s 4ty Sl5ls 5 L ST HEaS oy g o e gl oS eolil 5 5,55 (glo yaz
b el g alio ST L 518 G (6l ol ojlad Gl iy olass] yo (SusSTyy 5IUNS No. s onay
Js Sy izeed gl (nl A5 (o0 (6T gle Sl SLITL G iz b g 90 (6l ololid ojleds Sy olazs]
S (oo ol B (rhaie g9 5 SMb] b3k 5 0 S DLALS 6)IeSS S50 03,5 St sln Ly 3Y 0
Gl oS b (Sole olss bl ¢ IS L abaly o 1y (lill g w0l 1 Cens aaseiie G UNS No.
5 T oS5 S e a5 ol S5 L 5 lle el lolids s 3 o0l sk (UNS NO.) s oo
Blo 5l )l 09,0l g el il = o e 4 UNS NoO. 5l solai] ol oo piiie (28 Slasui
D¢ oo cdl B31.3 5 luilw! ;0 UNS No.

s (P NO.) cod s
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List of ASME - P- Numbers and Their Generic Descriptors

P-No. Generic Descriptor
P-1 Carbon Steel, Carbon-Manganese Steel, Carbon-Manganese-Silicon Steel
| = R ) Y5 -l iRie S SV - oS o SV
Wrought Iron (No Longer Used)
P2 1o oo p)l5 50) o IS gla¥ys
p3 Low Alloy Steel (1 2% total alloy typically)
T [ e M0 LT S jlade ) 5LIT oS oY
P4 Low Alloy Steel (Cr-Mo typically 1 - 2% Cr, 2% MO)
(Seey3 Y ) 23,8 g sy /0 fpondye ) e oy ¥ SLIT o5 5Y58
i Low Alloy Steel (Cr-Mo typically 2 - 3% Cr, ¥ -1 % MO)
e TEY py Sy aen VB IB ade ) Gadse oy S ST o8 0Yy
PSR Intermediate Alloy Steel (typically 5 - 10% Cr, 1 % MO)
i (doys Vo B0 pg8 g s Y Gty ) Jamsgte SLITL Y8
i Low and Intermediate Alloy Steel heat treated to 85 Ksi or higher
T | el e gl o) AD oSl L sad (7> Shkas Jasoyte SLIT LT o oYy
PG Straight Cr, 400 Series, Martensitic Stainless Steel
Crarf gl it ) Fre (grm ile Sl glao¥sd
p7 Straight Cr, 400 Series, Ferritic Stainless Steel
TGS e ) Fee g b K aud (glayh
P8 Cr-Ni, 200 and 300 Series, Austenitic Stainless Steel
TPy e JS e el Syl gl
poa |UP to 2%4% Ni Steels
[ o YIB b S gl
140 1
i 3ta /o Ni Stleel:s ‘ .
S ey IO b S5 glasgd
P-0C 4%’2‘:% Ni St.ea_s . N
S5 smys 10 b S glw¥gd
P-10A Mn-V and Mn-¥2Ni-V Steels
|ty S sy 10 5 sl - e elas¥d
1Cr-V Steel
G paslly — pa S due iV 2Yad
C-Mn-Si Steel
O |t - 8- 5 sy
i Duplex Stau?less StEEEI . o
oeSlls (b ) g3l g S5l SV
P-10I F“er?itic‘ Stalinless ISteeE
TRt JL SRV O P
e Ferf"mc‘ Stalmless ISteels
PE-TR B <L QW LX)
P-10K Ferritic Stainless Steels

i Ky s gl

ASME Sec. IX-2019 s ,lastesl b @llas P-NoO. olol o la Jb e (g0 diws 1 VYWY pga
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List of ASME - P- Numbers and Their Generic Descriptors

P-No.

Generic Descriptor

P-11A

Heat Treated Low and Intermediate Alloy Steels
sad (7)1 Sllas laste 5 LT o5 slao¥yd

P-11B

Heat Treated Low and Intermediate Alloy Steels
pas )l ke Lamige y 3T o slasyd

P-21

Commercially Pure Aluminum & Al-Mn Alloys (AA1060, AA1100, AA3003)
My ee 0T Vee 0] We ey elail 125 - ij.“'-.e-";'.-l_' JLﬁjl-.e-l_l 3 el |J,jf-u"_,,__a_|'|

P-22

Al-Mn & Al-Mg Alloys (AA3004, AA5052, AAS5154, AAS254, AAS454, AAS652)
T P01 0-07.TT 010F0T OVOFIT OTATIT DPOY £lail poiin —paisgllyiiFio s gssall olagll

P-23

Al-Mn & Si A]loys (Aﬁﬁt]ﬂl, AA&U&B)
1M 551,11 .57 [l TP BT S .3_|'| JLQELAT

P-25

Al-Mg Alloys (AA5083, AAS5086, AAS5456)
TMA-AYT 0-AFTT OFOF £lgl poiie — paiiesll 2lasLI

P-31

Cu & Cu Alloys
ol gl 5 e

P-32

Admiralty Brass, Naval Brass, Aluminum Brass, Muntz Metal
poegll g - 2gd om0 IS b apd s WIEL by o5 i

P-33

Cu & Si Alloys
i JL"*EL.:-I-I

P-34

Cu & Ni Alloys
S = e gl

P-35

Al-Bronze Alloys
pamegdl - el

P-41

Ni Alloys and Commercially Pure Ni
ol sl 5 el S

P-42

Ni-Cu Alloys (Monels)
(hige) JSC - s glilT

P-43

Ni-Cr and Ni-Cr-Mo Alloys (Inconels)
(L gSaa) poadye — o5 - IS5 3 oy - USG5 laflT

P-44

Mo-Cr-Fe Alloys (Hastelloys)
(b ggbmn) 5l - Gatps — oy gLl

P-45

Fe-Ni-Cr-Mo-Cu (Incoloys)
(LigSal) ot — e = 05 - S - ool sl

P-46

Ni-Cr-8i Alloys
s = 23,5 = S5 gl

P-47

Ni-Cr-W-Co-Fe-Mo Alloys
terdge = ol - 2SS - a5 - S el

P-51

Ti & Ti Alloys
ol sl g pordes

P-52

Ti & Ti Alloys
ol Wil 5 pades

ASME Sec. IX-2019 »,latesl b gllas P-No. Lolul plo JU e gom aws : VYF gl
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List of ASME - P- Numbers and Their Generic Descriptors
P-No. Generic Descriptor
Ti Alloys
T [t g
Zr & 7r Alloys
. ol bl 2 adss
Zr Alloys
G 5955 gl
Source: CASTI Guide ASME B31.3

ASME Sec. IX-2019 »,latesl b @las P-NO wlol 5o JU o (gon diws : VYO pgas

a5 5.9 Jgaz j0 a5 jshilen .l 0dges Latuive o,leds (6w cdzua il slasll 5 wljls sl UNS No.
ol OVl i 5ol oo LSS ojleds iy g Wi B> oI UNS o )les jo sl oo sols o)las VYF
@y "S" o 5 "AIUMINUM" porinsll gl "A" > Jlie (gl o] 0 ateiie 3B eolls Silis >
ol cied 308 sl "P" G >4 "Stainless Steel" oicnl o5 K55 sleo¥gd

as Ll b wob olobs slael as)ls olizel a5 Slpsl cpw conl 88lg5 &8y 0 UNS G > G g soe g ggome
g olil 5 By (sl Sl Slael wils saie o5 LlT g ame lis 1y e Sleogas 3 gk 05 Sl
Sl ol 0l g olisS

W3l o JBs (5,505 05,5 jl05)5 8 (Js W)l (sols giee sl ) pan o UNS 5l cne slo 0555 olis 0
A3l oo 00ls I UNS e ;0 0lgo 99290 (5,0050b (sl s Gl 039 s Sl &S Sl ¢ Jlio

L UNS s jo0 cwl ool asein 1020 aasine L AISI ojlastesl jo a5 Lol p)5 o¥e SO
Lol 0330,5 aseie G10200 aaseine

C36000 L UNS s ;8 conl 0ats aseie C36000 L o drwgi yorsl lawgs a5 3l5 g3 "ms ' 58
L UNS s j0 oo Laseine 3161 aaseie L AISI o laibinl jo a5 o5 K55 oVg8 o .l 00l jaduie
el 00 (6,136 S31603

3,55 |8 dz g 050 ato (oages Bilas 6l UNS s Bl alisy (6,052 (g00isS p lild pluliss
Jos 095 4 )\ Kigx B pas olge cdél gl AWS 10 54390 (600 pumandl placew a5 0L Judo opl 4 ol ol
Gl 05,5

ASME Sec. IX-2019 s lsltesl ,o UNS No. coxsg-m

:QW-420 &I 51,4 — s

Jgazx Cand j0 a5 gl b 318 UNS Number L asl o5 94790 Cond j0 a5 ¢l 4L 318 UNS Number 31
Sg05 5,10%e6 Gr-Number 4 P-Number lea b ol 1) 4l 55 T ool ol sl oo 99290 QW/QB-422
08,51 Jguz o Ll oS aloial Bl a5l a5 QW/QB-422 Joux 13 oais cand sty ol s bl b
2555 1,8 solaiwl 5,50 POQR (sags (sl asilys oo 00
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58wl o Minimum Specified Tensile lge cov a5 QW/QB-422 Jgox 51 Sgim 50 0o sols )|
265 Oy & aSiyl Ko aiil o0 ) w5 ) Kasx le PQR 285 slones sl Gindy o8] &3l
Qb oo ool o3l QW-153 L QW-153

Wl el onts atiy Ll gaasie a8 sl JBlas o8, o QW/QB-422 s oo et sl U
55 18 eolatl 5,90 ail o (Groove Weld) s b Ll (og> a5 ole POR cags slp

o Jb e sl s S-Number .o 5 i QW/QB-422 Jso> 5l e S-Number oM. 2009 JLs ;o
Boiler Pressure Vessel Code s laitel b Pressure Piping !, ASME B31 Code s ot alewgs a5
ol al ol wsla 15 BPVC-Sec.dI-D e clasie o ;5 s gy oo 6,liKel wisds oo onliceul
6,356 P-Number -Gr.-Number L P-Number :los L Tsazs wisgs o0ls saseie S-Number L L3 a5
U W

Slals 5o Touzme wog ous (5,l3%L S-Number-Gr.-Number L, P-Number < b SLs a5 sls b e
Sl oo (5,13%6b (5,558 P-Number-Gr.-Number L P-Number b o
2lg oo Ld sls Gr-Number L la S-Number (» P-Number U oo pll o Kas> < 5 o PQR
(05 o5 QW-200.2(c) SIS1L ) 0,5 1,38 colitul 5,50 wya> slo Gr-Number L P-Number L lsosxs
5 P-No., S-No. & 5, Ka5> slp 90l 3590 slo Jlyie b 05,5 )13 a5 wpass )90 lo WPS oSSl by e
ity et ol o0 00lii PQR a6l lazl a8 s slo Jb e aises 45 gagaz glo GT-NO ppizan

s 8l o5 sla P-No, S-No, Gr- No ks 4 aJgl sle P-No, S-No, Gr- No ;I sl o JU e ple
555 518 9l )90 (65 Sg2 (1 0nt Sl wyazs WPS (5L b acly
s P-Number G )l Koo Ll waee UNS Number < l)ls a5 calises sla JU e 5 ol cancd -

SB-407 (UNS No. N08800) & (P No. 45)
SB-408 (UNS No. N08800) & (P No. 45)
SB-409 (UNS No. N08800) & (P No. 45)
SB-366 (UNS No. N08800) & (P No. 45)
SB-514 (UNS No. N08800) & (P No. 45)
SB-515 (UNS No. N08800) & (P No. 45)
SB-564 (UNS No. N08800) & (P No. 45)

Silos P-N0.45 5l)ls 5.5 g UNS-N0.-NO8800 sl,ls ;6530 sl b yie don
sLa UNS No. o)les L Ll 0ty aseis UNS NO. 6ot s ko sl 5500 45 0,5 gal b ayls 4z
50 05> sla JU e cud ;o UNS No. 1 oo ol asly ales ASME o lastiwl [0 sass cancd bl 2o
a5 ASME Sec. IX ulul o PQR asili> sl awslas s4>3 ASME Sec. IX o lastesl QW-422 o>
s b L e ol 5 5 bl JUs e s 1 sk PQR (i sl iy i 55 99

<ol Unassigned
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Ferrous Metals and Alloys Nonferrous Metals and Alloys

o LTy il il 8 sl oiite
D00001- i . .. |A00001-
D999g | ¥ K el b la¥e 1490909

paall el 3 2o egll

F00001- . s . C00001- _
G Aty gl oVad g b o (99999 o gl g e

Fo99999

G00001- | ! bl 5 o bVt | E00Q01-

(99999 SAE 4, AISI E99999
H00001- 1.00001-
ATST & ladled T H glaoy,i

H99999 1.99999
J00001- Gl (o5 aduy eVt IMO0001-
799999 e clasYal M99999
K00001- - - N00001- -
3oane _onl LIl Lasyad el LI, ;
K99999 A piis AR B0 3 N09990 S gl S
S00001- | 5 ;0 palie ;5 as glao¥ad | PO00OO1-
$99999 Syl g Fo e P99999
Specialized Metals And Alloys ol lls o Ll
WO0001-| 2L las oS5 ol a8 (FIuX cored) epd 4 b A5, glooy 2SI, Ldee L3

S bt Dl e Wil

ol ogd alaki L ki Lyl

adjite ool o2 Il LSl

MR RSO Y P T
=3 ol Sl g el

W99999 ol ead gan LIS aily Cgm) a2
Source: CASTI Guide ASME B31 .3- Table-5.9

Gilizes slo e sl UNS No. i Y5 g
P-No. Ll el S LT UNS-No. o 3929 b aS Conl 0990 U yie g0lows QW-422 oo o ailawlis iasgs
ol igliie Lol
SVCOW S 1LE PRp T 1 P-No. syl UNS-No. 009 olass 8929 L JL 20 | o as g

(Product) Jgame JSi 55 g ol (oo ol (oloows 5IGT (61,10 SA-508 JU o aSiol b axgi b V= Jlie —sstes
oo Sglie P-NO. aws gl)ls 5 pie UNS-NoO. G opils 0959 b Jg ol o Forgings o1 ©g,5 o,leis 4w 4
s b
SA-508, Gr. 4N, CL 1-UNS No.-K22375-P-No. 11A, Gr. No.-5— Product Name: Forgings
SA-508, Gr. 4N, C1.2-UNS No.-K22375-P-No. 11B, Gr. No.-10— Product Name: Forgings
SA-508, Gr. 4N, C1.3-UNS No.-K22375-P-No. 3-Gr. No.-3— Product Name: Forgings
(Product) Jsame IS5 5 5 0l oo (s msboonss 50061 s SA-543 U o aSiyl &y azgi bz Yo Jlio —ssese
P-No. 4. sl)ls S e UNS-No. G cpils 0929 b Jg ol o Plate o] (Gr. No.) 5,5 o)los aw 12
g il oo Dglite
SA-543, Gr. B, CI1.1-UNS No.-K42339-P-No. 11A, Gr. No.-5— Product Name: Plate
SA-543, Gr. B, CI.1-UNS No.-K42339-P-No. 11B, Gr. No.-10— Product Name: Plate
SA-543, Gr. B, CI.1-UNS No.-K42339-P-No. 3-Gr. No.-3— Product Name: Plate
(Product) Jepame IS 55 g ail o oS olowds 5IUT 51yls SA-508 JU e aSl s azgi b o Y Jlio — e
P-No. g5 ¢l)ls S jiie UNS-No. G cpils 0959 b Jg ol oo Forgings 1 (Gr. No.) 9,5 o,les o ;0
i il oo Dglate
SA-508, Gr. 5, C1.1-UNS No.-K42365-P-No. 11A, Gr. No.-5— Product Name: Forgings
SA-508, Gr. 5, C1.2-UNS No.-K42365-P-No. 11B, Gr. No.-10— Product Name: Forgings
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Spec. Alloy, UNS . - Nominal Product
ROW Tensile, ksi Group e
No. Type or Grade No. P _No. Compaosition Form
(Mpa) No.
A/SA-508 4N, CL 1 K22375 105 (725) 11A 5 3.5Ni—1.75Cr—0.5Mo—V Forgings
1 A/SA-508 4N, ClL. 2 K22375 115 (795) 11B 10 | 3.5Ni-1.75Cr—0.5Mo—V Forgings
A/SA-508 4N, CL 3 K22375 90 (620) 3 3 3.5Ni-1.75Cr—0.5Mo—V Forgings
A/SA-182 F22,CL 1 K21590 60 (415) 5A 1 2.25Cr—1Mo Forgings
A/SA-182 F22,CL 3 K21590 75 (515) 5A 1 2.25Cr-1Mo Forgings
Al199 T22 K21590 60 (415) 5A 1 2.25Cr-1Mo Smis. tube
A/SA-213 T22 K21590 60 (415) 5A 1 2.25Cr—1Mo Smls. tube
A/SA-234 WP22,CL 1 K21590 60 (415) 5A 1 2.25Cr-1Mo Piping fittings
A/SA-234 WP22,CL 2 K21590 75 (515) 5A 1 2.25Cr—1Mo Piping fittings
A/SA-250 T22 K21590 60 (415) 5A 1 2.25Cr—1Mo ER.W. tube
5 A/SA-508 22,CL3 K21590 85 (585) 5C 1 2.25Cr-1Mo Forgings
A/SA-542 A, CL1 K21590 105 (725) 5C 4 2.25Cr-1Mo Plate
A/SA-542 A,CL2 K21590 115 (795) 5C 5 2.25Cr-1Mo Plate
A/SA-542 A,CL3 K21590 95 (655) 5C 3 2.25Cr-1Mo Plate
A/SA-542 A, CL4 K21590 85 (585) 5C 1 2.25Cr-1Mo Plate
A/SA-542 B.CL1 K21590 105 (725) 5C 4 2.25Cr-1Mo Plate
A/SA-542 B,CL2 K21590 115 (795) 5C 5 2.25Cr-1Mo Plate
A/SA-542 B.CL3 K21590 95 (655) 5C 3 2.25Cr-1Mo Plate
A/SA-542 B, ClL 4 K21590 85 (585) 5C 1 2.25Cr—1Mo Plate
A/SA487 Gr.4,CLA J13047 90 (620) 3 3 0.5Ni—0.5Cr—0.25Mo—V Castings
3| A/JSA487 Gr.4,CLB J13047 105 (725) 11A 3 0.5Ni—0.5Cr—0.25Mo—V Castings
A/SA-487 Gr. 4, CLE J13047 115 (795) 11A 3 0.5Ni—0.5Cr—0.25Mo—V Castings
4 A/SA-508 5,CL1 K42365 105 (725) 11A 5 3.5Ni—1.75Cr—0.5Mo—V Forgings
A/SA-508 5,CL2 K42365 115 (795) 11B 10 | 3.5Ni-1.75Cr—0.5Mo—V Forgings
A/SA-533 Type A, CL 1 K12521 80 (550) 3 3 Mn—0.5Mo Plate
s A/SA-533 Type A, CL 2 K12521 90 (620) 3 3 Mn—0.5Mo Plate
A/SA-533 Type A, CL 3 K12521 100 (690) 11A 4 Mn—0.5Mo Plate
A/SA—672 J100 K12521 100 (690) 11A 4 Mn—0.5Mo Fusion welded pipe
A/SA-533 Type D, CL 1 K12529 80 (550) 3 3 Mn—0.5Mo—0.25Ni Plate
6 | A/SA-533 Type D, Cl. 2 K12529 90 (620) 3 3 Mn—0.5Mo—0.25Ni Plate
A/SA-533 Type D, CL 3 K12529 100 (690) 11A 4 Mn—0.5Mo—0.25Ni Plate
A/SA-533 Type C, CL 1 K12554 80 (550) 3 3 Mn—0.5Mo—0.75Ni Plate
A/SA-533 Type C, Cl. 2 K12554 90 (620) 3 3 Mn—0.5Mo—0.75Ni Plate
71 A/SA-533 Type C, CL 3 K12554 100 (690) 11A 4 Mn—0.5Mo—0.75Ni Plate
A/SA-533 Type E, CL 1 K12554 80 (550) 3 3 Mn—0.5Mo—0.75Ni Plate
A/SA-533 Type E, Cl 2 K12554 90 (620) 3 3 Mn—0.5Mo—0.75Ni Plate
A/SA-541 22,CL3 K21390 85 (585) 5C 1 2.25Cr-1Mo Forgings
A/SA-541 22,CL4 K21390 105 (725) 5C 4 2.25Cr—1Mo Forgings
8 | A/ISA-541 22,CL5 K21390 115 (795) 5C 5 2.25Cr-1Mo Forgings
A/SA-541 3VCb K21390 85 (585) 5C 1 2.25Cr-1Mo Forgings
A/SA-T39 B22 K21390 75 (515) SA 1 2.25Cr—1Mo Bar
A/SA-543 B,CL1 K42339 105 (725) 11A 5 3Ni-1.75Cr—-0.5Mo Plate
9 | A/SA-543 B,CL2 K42339 115 (795) 11B 10 3Ni-1.75Cr—-0.5Mo Plate
A/SA-543 B, CL3 K42339 90 (620) 3 3 3Ni-1.75Cr—0.5Mo Plate
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P-No. |Group No. Section IX-Table QW-422

S-No. |Group No.
M-No. |Group No. AWS B2.1/B2.1IM-BMG
P-No. 1 |Group No. 1,2 & 3 |Para. 9.2.1.3

@lizeo gl laibinl o Jb e (goss aiws : VWA gas
API 5 ,laitivw] yo v JU yio gy asws LF
Minimum Specified Tensile Strength « i pl8oiw! J8las jlade Lulul 5 o Jb e APL s Jastisl o

A wlwl o sl odds (guis ewwds Minimum Specified Yield Strength guduns oSoicw! J8los |
sl lastwl jo g (MSTS) i plSovul Jilas bl APT 650, APT 620 slas lasbsl jo bo Jb e gou
3 Ikl 5o (g atws £¢5 oyl il oo (goks punds (MSYS) pls plSoinl JBlo> wlul,s API 1104, API SL

Dby 8 5 9,lge 4 el pgas 0 API

API 650-2020 o lastiwl jo lo Jb e g0 aiws - W

ainS plSomsn] JB1as LsT s SDlo 5 Wigdh o ol diwd A &y egon b JU e APT 650 sl o
el 00 plil 5 Gillae (GTOUP) (o atws b g Pl saasein b la JU yo (saed aib o ld Jb e

il 485 MPa (T0KSsi) il b a8 Wl iatS alSioial Jila a5 la U e Group-1

b 485 MPa (70Ks1) < 550 MPa (80Ksi) Ll oS alSouwl JSlo> a5 slo JU e Group-2

b 550 MPa (80Ks1) plp b i Ll caiS slSowinl Blos a5 slo b e Group-3

a) less than 485 MPa (70 ksi)—Group 1;*-_—_-5-_

b) equal to or greater than 485 MPa (70 ksi) but less than 550 MPa (80 ksi}—Group 2; *—_

¢) equal to or greater than 550 MPa (80 ksi}—Group 3.<fjmmmmmm= AP| STANDARD 650

API-650-2020 s lastesl ;o by U yio (gos diws 1 VYA pguas
API 620-2018 o lastiwl jo lo Jb e gos aws - W

6.7.2 Carbon steel materials not listed in Table QW-422 of Section IX of the ASME Code shall be considered as P-
Number 1 material with group numbers assigned as follows, according to the minimum tensile strength specified:

a) <70 kips/in.2 (Group 1);

>70 kips/in.2 but < 80 kips/in.2 (Group 2);

=80 kips/in.2 (Group 3). API STANDARD 620

API-620-2018 o Jaibewl jo la JU o (gom aws 1 VF e gas
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Ll APT 650 o lasbiwt aslen S4las S'wil L APT 620 o, lasbewt jo la Jb e (goi aws
S Aol Blocs LT s o § Wigd (oo el A Ao 4.3=Lc5,°_—;m o JU e API 620 o ot o

el o plmil ;) ke (GTOUP) (goms aws 9 Pl gaasein b le JU o (saed .l JU yio

w3l TOKIPS/in.® il b a8 T oS alSocil J8las a5 sle U5 P-1 (Group-1)

b 70 Kips/in.? < 80 Kips/in.” L S ol Jolas a5 sl b e :P-1 (Group-2)

il 80 Kips/in® 5 1y i bl 2tS el Jilas a5 Sl Jb e P-1 (Group-3)

S bl a8 Sy50 y0 0ols 1,8 (Ks) |, ais plSovul JBlo> oIy API 650-2010 o ,lasbwl iz gd
| 6 meS 030l aly 98 cppl oS oyt S o0l 1,3 (Kips/in.?) 1, asS olSovasl Jilo a1y API 620-2018
in) @l

APT 1104-2018 s skl o La Jb %o g0 des — W

els plSoel JBlacs LaiT s SDo 5 g oo il 4sd s 4y legazmo b JU e APT 1104 5l o

el o b e (SMYS)

5L 42,000 Psi i L 205 LT (SMY'S) gales plSimtal Jilas a5 Lla Jb e (a

5L 65,000 Psi 1 a5 Ll 42,000 Psi 51 2o LT (SMY'S) aalas plSimiad Jilas a5 ola Jbze (b
256 65,000 Psi il b i T (SMY'S) e alSoul Jilas a5 glo Jb e —(C

5.4.2.2 Base Material API STANDARD 1104

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 materials shall be

grouped as follows. mm——gy SMYS specified minimum yield strength

a) SMYS less than or equal to that of the material specified as AP| 5L Grade X42;

b) SMYS greater than that of the material specified as API 5L Grade X42 but less than that of the material specified
as API 5L Grade X65;

c) for materials with a SMYS greater than or equal to that of the material specified as APl 5L Grade X685, each grade
shall receive a separate qualification test.

API 1104-2018 Para. 5.4.2.2 ;s lo Jb e (goi atwd 1 VFY gl
API 5L-2018 slasiw ol Jb e o 4w -1

Annex D

SPECIFICATION FOR LINE PIPE . (norr_native)
Repair welding procedure API SPECIFICATION 5L
D.2.2 Essential variables

b) pipe material:

1) a change in pipe grade category; if different alloying systems are used within one pipe grade

category, each alloying composition shall be separately qualified, wherein pipe grade categories
are as follows:

i) pipe grade < L290 or X42,
i) pipe grade > L290 or X42, and pipe grade < L450 or X65,

iiiy each pipe grade = Grade L450 or X65,

API 5L-2018-Annex D s la b e ot aiuws : VFY 000
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a5 (05 K1) s by i il ks plSowisl JBlas o5 il JUy 52 sy (g0

Sy 4 X65 L X42 |, 5 L450 L L290 (ysmman slaseis L s JU yio aas APT 5L-2018 s sl o
o aS anil e ISO 3183 s sl bl s LsT (6,350l il ous aseiie L Gy> L a5 ool oyl by ol oo
ISl artd ol ot X 3, b a5 (solael g ail oot o awws (Yield Strength) olus slSoesl Jslas wlul
adg oy ) JolS o il o e b alg) ples plSoninl bl a8 wily oo APT SL o Jlusbowl bl sl
5 Jsaz )3 pebed el Jlas 5 o208 plSil Bl L APTSL lo

Steel grad | Yield strength | Tensile strength | Steel grad | Yield strength | Tensile strength
APISL |MPa (psi) min.| MPa (psi) min. API 5L | MPa (psi) min. | MPa (psi) min.
A2S 175 (25 400) 310 (45 000) X60 415 (60 200) 520 (75 400)
A25P 175 (25 400) 310 (45 000) X65 450 (65 300) 535 (77 600)
A 210 (30 500) 335 (48 600) X70 485 (70 300) 570 (82 700)
B 245 (35 500) 415 (60 200) X80 555 (80 500) 625 (90 600)
X42 290 (42 100) 415 (60 200) X90 625 (90 600) 695 (100 800)
X46 320 (46 400) 435 (63 100) X100 690 (100 100) 760 (110 200)
X52 360 (52 200) 460 (66 700) X120 830 (120 400) 915 (132 700)
X56 390 (56 600) 490 (71 100)
Source: API SL

API 5L Annex L, Table L.1-2018 )5 la Jb e Slascie N FY 5 guas
5 laitil s ISO 3183 s lustiwl bl s Ly (6,li5ab Ly ol ;o API 5L-2018 (sl alg) oy ,5 ol e

EN 10027-2
Annex L
(informative)
Steel designations
Table L.1 — List of corresponding additional steel designations
(steel numbers) for use in Europe
101 i i | A2 | e s | A2 e | s | 4 | e | o
5 with with e with with e with with 5 with with
API Spec 5L | EN 10027-2 API Spec 5L | EN 10027-2 API Spec 5L | EN 10027-2 API Spec 5L | EN 10027-2
Steell)igl)rgtiizs:rt;:)l'l:iL : Steel grades for PSL 2 pipe in Table 5

A25 L175 1.8700 | BR | L245R | 1.8788 | X520 | L360Q 1.8741 | X532M | L360M | 1.8749
A2Z5P | L175P 1.8707 [|X42R| L290R 1.8789 | X536Q | L390Q 1.8740 | X56M | L390M 1.8971
A L210 1.8713 | BN | L245N | 1.8790 | X60Q | L415Q 1.8742 | X60M | L415M | 1.8752
B L245 1.8723 | X42N| L290N 1.8791 | X65Q | L450Q 1.8743 | X65M | L450M 1.8754
X42 L1290 1.8728 |X46N| L320N | 1.8792 | X700 | L485Q 1.8744 | X70M | L485M | 1.8756
X46 L320 1.8729 | X52N| L360N 1.8793 | X80Q | L555Q 1.8745 | XBOM | L555M 1.8758
K52 L360 1.8730 |X56N| L390N | 1.8970 | X90Q | L625Q 1.8764 | XO00M | L625M | 1.8753
X56 L1390 1.8724 |X60N| L415N | 1.8736 |X100Q| L690Q 1.8765 |X100M| L690M | 1.8979
X60 L415 1.8725 | BQ | L245Q | 1.8737 BM | L245M | 1.8746 |X120M| L830M | 1.8755
X63 L450 1.8726 |X42Q| L290Q | 1.8738 [X42M | L290M | 1.8747

X70 L485 1.8727 |X46Q| L320Q 1.8739 | X46M | L320M 1.8748

SOURCE: API 5L- Notes *** - addede to this Tsble

API 5L Annex L, Table L.1-2018 )5 la Jb e Slascie N FF pguas
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Annex L.
(informative)
Steel designations
Table L.1 — List of corresponding additional steel designations
(steel numbers) for use in Europe
AP ] . Steel name Steel name AR ] Steel name Steel name APl == . Steel name Steel name AP| == . Steel name Steel name
Spec in accordance | in accordance Spec in accordance | in accordance Spec in accordance | in accordance Spec in accordance | in accordance
el with with B with with ol with with £ with with
APT Spec SL. | EN 100272 APT Spec SL. | EN 100272 API Spec 5L | EN 100272 APT Spec 5L | EN10027-2
Steel grades for PSL 2 pipe for sour service in Table H.1 Steel grades for PSL 2 pipe for offshore service in Table J.1

BNS L245NS | 1.1020 |BMS | L245MS | 1.8730 [ BNO | L245NO | 1.1040 [X800QC | L555Q0 | 1.8776
XA2ZNS| L290NS | 1.1021 EX42MS| L290MS | 1.8731 [X42NO| L290NO | 1.1041 [BMO L245MO | 1.1050
X46NS| L320NS | 1.1022 [X46MS| L320MS | 1.8732 |X46NO| L320NO | 1.1042 [X42MO | L290MO | 1.1051
X3ZNS| L360NS | 1.8757 [X5ZMS| L360MS | 1.1033 [X5ZNO| L360NO | 1.8778 [X46MO | L320MO | 1.1052
BOS 124508 | 1.1025 |X56MS| L390MS | 1.1034 | BOQO | L245Q0 | 1.1045 |X52MO | L360MO | 18781
X420Q5] L2900QS | 1.1026 [X60MS| L415MS | 1.8766 |X42Q0] L290Q0 | 1.1046 [X56MO | L390MO | 1.8782
24605 L3200QS | 1.1027 [X65MS| L450MS | 1.8767 |X4600] L320Q0 | 1.1047 [X60MO | L415MO | 1.8783
X5208| L360QS | 1.8759 [XT7OMS| L485MS | 1.8768 [X5200| L360Q0O | 1.8771 [X65MO | L450MO | 1.8784

X56085]| L390QS | 1.8760 X3600| L390Q0 | 1.8772 |X70MO | L485MO | 1.8785
X600Q8| L4150Q8 | 1.8761 X600Q0| L415Q0 | 1.8773 |X80OMO | L555MO | 1.8786
263051 L4505 | 1.8762 X650Q0( L450Q0 | 1.8774 |X90Q0 | L625Q0O | 1.8777
X700Q8| L485Q8 | 1.8763 X70Q0| L485Q0 | 1.8775 [X100Q0] L690QO | 1.8779

SOURCE: API 5L- Notes *** - addede to this Tsble
API SL Annex L, Table L.1-2018 s la Jb e <laseien -V FO pguas
AWS 5,lastivsl yo b JU yio (gasy asws 1t
o=l b ocsb o ASME Section IX s jlastiul jo (o atws sisler AWS o lailiw! jo o JU jie (gos aws
50 Lal ol ooy o axws P-No & Gr.No. lgie i ASME Section IX s jlastul jo ls b e a5 <glas
Sl ool gan aws M-No. & Gr.No. jlgie cos AWS o laile!
AWS B2.1 Base Metal Grouping for Welding Procedure and Performance Qualification

Base Metal Grouping

This annex is part of AWS B2.1/B2.1M-BMG:2014, Base Metal Grouping for Welding Procedure
and Performance Qualification, and includes mandatory elements for use with this standard.

C1. Base Metal Specifications

Table C.1 indexes ASTM, ABS. API, AS, AS/NZS, CSA., AMS, ISO, NACE, and MSS base metals in numerical order
to provide ease of reference when determining into what grouping a particular base metal specification falls.

C2. Material Number (M-Number) Groupings

Base metal has been divided into general categories, e.g., Material Numbers (M-Numbers) 1, 1A, 3, 3A, 4, 4A, etc., and
further divided into groups within each general category.

The category grouping does not imply that base metals may be substituted for other base metals within the same Mate-
rial Number (M-Number) without consideration for weldability.

AWS B2.1/B2.1M-BMG:2014 s ,lasteul ;o o JUb o (o aws VT8 g
STAWS o libiwl [0 a5 548 o aseie AWS B2.1/B2.1M-BMG:2014 o laitea! 51 C1 GB1S1,L 5olas
el 03,5 solaiwl ) oo luslinl ales 5l alize slas luibin] sl U s
AAR, ABS, AMS, API, AS, AS/NZS, ASME, ASTM, CSA, ISO, MSS & NACE
AAR: Association of American Railroads

ABS: American Bureau of Shipping
AMS: Aerospace Material Specifications
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Table C.1 (Continued
List of Base Metal Specifitlnnsm ——
N SO  Type Grade, "
Base Metal fMaterialy Group 15608 or Alloy UNS
Standard Specification @ Number Group  Designation Number Product Form
~— Steel and Steel Alloys

ASTMYASME AISA-841 1 2 1.2 ACL1 — Plate
ASTM/ASME AJSA-841 1 2 1.2 ACL1 — Plate
ASTM/ASME AISA-841 1 3 1.3 B,CL2 - Plate
ASTM/ASME AISA-841 1 3 1.3 B,CL2 — Platc
ASTM ABH4 11A 1 9.3 — K81340 Plate
ASTM AR32 11B 11 4.2 — K12043 Plate
ASTM ABST 1 1 1.1 25 — Sheet & Strip
ASTM A8S7 1 1 1.1 30 — Sheet & Strip
ASTM ABS7 1 1 1.1 33 — Shect & Strip
ASTM ABS5T 1 1 1.1 36 — Sheet & Strip
ASTMYASME AISA-839 11C 1 33 ACL1 K20747 Forgings
ASTM/ASME AJSA-859 11C 1 33 A,CL2 K20747 Forgings
ASTM AgT1 3 2 4.2 60 — Plate
ASTM ABT1 3 3 42 65 — Plate
ASTM AR90 10H 1 10.2 1A 193370 Castings
ASTM AR90 10H 1 10.2 1B 193372 Castings
ASTM A0 10H 1 102 1C 193373 Castings
ASTM ABI) 10H 1 10.2 2A 193345 Castings
ASTM A0 10H 1 10.2 3A 193371 Castings
ASTM AB90 10H 1 10.1 4A 192205 Castings
ASTM AB90 10H 1 10.2 3A 193404 Castings
ASTM AR90 10H 1 102 6A 193380 Castings
ASTM A013 1 2 1.2 50 — Shapes
ASTM A913 1 3 31 60 — Shapes
ASTM A913 1 3 31 65 — Shapes
ASTM A913 1 3 3.1 70 — Shapes
ASTM A928 10H 1 10.2 — 532760 Welded Pipe
ASTM A028 10H 1 10.1 2205 832205 ‘Welded Pipe
ASTM A928 10H 1 10.2 255 832550 ‘Welded Pipe
ASTM A935 1 1 1.2 45,CL1 — Shect & Strip
ASTM A935 1 1 1.2 45,CL 2 — Sheet & Strip
ASTM AD35 1 1 1.2 50,ClL 1 — Sheet & Strip
ASTM A035 1 1 1.2 50,CL 2 — Sheet & Strip
ASTM A935 1 2 1.3 55,CL1 - Sheet & Strip
ASTM A935 1 1 1.3 55,CLz2 — Shect & Strip
ASTM A935 1 2 111 60,CL 1 — Sheet & Strip
ASTM A935 1 p 1.3 60.ClL 2 — Sheet & Strip
ASTM AO35 1 3 111 65,ClL 1 — Sheet & Strip
ASTM AQ35 1 2 1.3 65,CL 2 — Sheet & Strip
ASTM A935 1 3 11.1 70,CL1 — Shect & Strip
ASTM A935 1 3 1.3 70,CL 2 — Sheet & Strip
ASTM/ASME AJSA-965 8 1 8.1 F304 530400 Forgings

AWS B2.1/B2.1M-BMG:2014 s skl o il slo U e s & ) FY g

API: American Petroleum Institute

AS: Australian Standards

AS/NZS: Australian Standards/ New Zealand
ASME: American Society of Mechanical Engineers
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Table C.1
List of Base Metal Speciticaﬁun@ <—
Base Metal Type, Grade, or Gl![alcnal) UNS 180 15608
Standard Specification  Alloy Designation  \Number MNumber Group Product Form
AMS 4914 — R58153 5 Sheet
AMS 4915 — 54 R54810 52 Plate
AMS 4915 — 54 R34810 52 Plate
AMS 4913 — 534 R34810 32 Plate
AMS 4915 — 54 R54810 52 Plate
AMS 4915 — 54 R54810 52 Sheet & Strip
AMS 4919 — 54 R54620 52 Sheet
AMS 4973 — 54 R34810 52 Forgings
AMS 4973 — 54 R54810 b7 Forgings
AMS 4975 — 54 R54620 52 Bar
AMS 4976 — 34 R34620 52 Forgings
AMS i — 44 ND&635 43 Sheet
ASTM B2l — 32 C46400 321 Rod & Bar
ASTM Bl — 32 46400 32.2 Rod & Bar
ASTM B21 — 2 C46400 22 Rod & Bar
ASTM B2l — 32 C46400 321 Shapes
ASTMFASME B/SB-26 208.0 26 ADZ0E0 23 Caslings
ASTMIASME BfSB-26 222.0,.0 26 ADZ220 — Castings
ASTM/ASME B/SB-26 2220, Tl 26 AD2220 — Castings
ASTM/ASME B/SB-26 319.0.F 28 AD3I90 25 Castings
ASTM/ASME B/SB-26 319.0, T5 26 ADINSD 23 Caslings
ASTM/ASME B/SB-26 319.0, Ts 26 AD3190 25 Castings
ASTM/ASME B/SB-26 3280,F 26 AD32R0 25 Castings
ASTM/ASME B/SB-26 328.0, T6 26 ADIZE0 23 Caslings
ASTM/ASME B/SB-26 356.0,F 26 AD3S560 4.2 Castings
ASTM/ASME B/SB-26 356.0, T51 26 AD35a0 242 Castings
ASTM/ASME B/SB-26 356.0. Ta 26 AD3560 24.2 Castings
ASTM/ASME B/SB-26 3560, T7 26 AD3560 242 Castings
ASTM/ASME B/SB-26 356.0, TT1 26 AD3560 242 Castings
ASTM/ASME B/SB-26 443.0 26 AD4430 24.1 Castings
ASTM/ASME B/SB-26 3120 26 ADS120 23.1 Castings
ASTM/ASME B/SB-26 5140 26 AD5140 231 Caslings
ASTM/ASME B/SB-26 535.0 26 ADS350 — Castings
ASTM/ASME B/SB-26 T05.0, T3 26 ADTOS0 23.2 Castings
ASTM/ASME B/SB-26 710.0, T3 26 ADTI00 232 Castings
ASTM/ASME B/SB-26 A35Se0, Ts 26 A13560 24.2 Castings
ASTM/ASME B/SB-26 A356.0, Tal 26 Al3560 242 Castings
ASTM/ASME B/SB-26 B443.0 26 AZ4430 4.1 Castings
ASTM/ASME B/SB-42 —_ 3 C10200 H Scamless Pipe
ASTM/ASME B/SB-42 — 31 C10300 31 Seamless Pipe
ASTM/ASME B/SB-42 — kil C10800 k3 | Scamless Pipe
ASTM/ASME B/SB-42 — kil C12000 3 Scamless Pipe
ASTM/ASME B/SB-42 —_ K| C12200 il | Scamless Pipe
ASTM/ASME BfSB-43 — 32 C23000 321 Seamless Pipa

AWS B2.1/B2.1IM-BMG:2014 s lailewl jo o] e sla Jb e gam aiws :VFA pguas
ASTM: American Society for Testing Materials
CSA: Canadian Standards Association
ISO: International Standards Organization or International Organization for Standardization
MSS: Manufacturers Standardization Society of the Valve and Fittings Industry
NACE: National Association of Corrosion Engineers
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Table
M-Number Listing of Base Metals-<Ferrous Alloy$(see C.1, 12.2.1, and 13)

Z Thickness
ISO Type, Grade, or Diameter Minimum
aterial Group }15608 Base Metal or Alloy UNS Limitations, Tensile/Yield Nominal
umber Number /Group  Standard  Specification Designation Number in [mm] Strength, ksi [MPa] Product Form Composition
Steel and Steel Alloys
1 1 11.1 AAR M201 A — 60/30 [415/205] Castings C-Mn-Si
1 1 1.1 ASTM Al018 8840 — 55/40 [380/275] Sheet & Strip C
1 1 1.1 ABS ABS A K02300 58/34 [400/235] Plate, Bar, & Shapes c
1 1 12 ABS ABS AH32 K11846 64/46 [440/315] Plate, Bar, & Shapes C-Mn-5i
1 1 1.1 ABS ABS B K02102 58/34 [400/235] Plate, Bar, & Shapes C
1 1 1.1 ABS ABS D K02101 58/34 [400/235] Plate, Bar, & Shapes C-5i
1 1 12 ABS ABS DH32 K11846 64/46 [440/315] Plate, Bar, & Shapes C-Mn-5i
1 1 1.1 ABS ABS E K01801 58/34 [400/235] Plate, Bar, & Shapes C-5i
1 1 12 ABS ABS EH32 K11846 64/46 [440/315] Plate, Bar, & Shapes C-Mn-5i
1 1 12 ABS ABS FH32 K11846 64/46 [440/315] Plate, Bar, & Shapes C-Mn-5i
1 1 12 API 2H 42 — 62442 [425/200] Plate C-Mn
1 1 12 API IMTI 50 — 65/50 [450/345] Plate C-Mn
1 1 12 API w 50 — 65/50 [450/345] Plate C-Mn
1 1 12 API 2y 42 — 62/42 [425/200] Plate C-Mn
1 1 12 API 2y 50 — 65/50 [450/345] Plate C-Mn
1 1 1.1 APL 5L A — 49730 [340/205] Seamless & Welded Pipe C-Mn
1 1 1.1 APL 5L A25 — 45/25 [310/175] Seamless & Welded Pipe C-Mn
1 1 1.1 APL 5L A25,CLI — 45/25[310/170]  Seamless & WId. Pipe & Tube C-Mn
1 1 1.1 APL 5L A25, CL I — 45/25[310/170]  Seamless & WId. Pipe & Tube C-Mn
1 1 1.1 APL 5L A25P — 45/25 [310/175] Seamless & Welded Pipe C-Mn
1 1 1.1 APL 5L B — 6(/35 [415/240] Seamless & Welded Pipe C-Mn
1 1 L1 API 5L BM — 60/35 [415/240] Welded Pipe C-Mn
1 1 1.1 API 5L BMO — 60/35 [415/240] Welded Pipe C-Mn
1 1 1.1 API 5L BMS — 60/35 [415/240] Welded Pipe C-Mn
1 1 1.1 API 5L BN — 60/35 [415/240] Seamless & Welded Pipe C-Mn
1 1 1.1 API 5L BNO — 60/35 [415/240] Seamless & Welded Pipe C-Mn
1 1 1.1 APL 5L BNS — 6(/35 [415/240] Seamless & Welded Pipe C-Mn
1 1 1.1 APL 5L BQ — 6(/35 [415/240] Seamless & Welded Pipe C-Mn
1 1 1.1 API 5L BQO — 6(0/35 [415/240] Seamless & Welded Pipe C-Mn
4 Table C.2 i
&4 M-Number Listing of Base Metalsm“e C.1,12.2.1, and I3)
Thickness or
150 Type, Grade, Diameter Minimum “‘
Material 15608 Base Metal or Alloy UNS Limitations, Tensile/Yield
Number JGroup Standard Specification  Specification Number in [mm] Strength, ksi [MPa] Product Form Nominal Composition
— Aluminum and Aluminum Base Alloys
21 21 ASTM B491 1050 A01050 8/2.5 [55/17] Extruded Tube 090.5A1-Fe
21 21 ASTM B491 1100 A91100 1173 [76/21] Extruded Tube 99.0A1-Cu
21 21 ASTM B491 1200 A91200 11/9.5 [76/66] Extruded Tube 99.0Al-5i-Fe
21 21 ASTM B491 1235 A91235 93 [62/21] Extruded Tube 99.5Al-Fe
21 2241 ASTM B491 3003 A93003 14/5 [97/34] Extruded Tube Al-Mn-Cu
21 221 ASTM B491 3102 A93102 11435 [T6/24] Extruded Tube Al-0.3Mg
21 21 ASTM B547 1100 AS1100 11/3.5 [76/24] Welded Tube 99.0A1-Cu
21 221 ASTM B547 3003 A93003 14/5 [97/34] ‘Welded Tube Al-Mn-Cu
21 222 ASTM B547 5050 AS5050 18/6 [125/41] Welded Tube Al-1.5Mg
21 — ASTM B547 Aleclad 3003 AR3003 13/4.5 [90V31] ‘Welded Tube Al-Mn-Cu
21 21 ASTM B609 1350 A91350 8.5/~ [53%-] Wire 99.50Al1
22 222  ASTMY/ASME B/SB-209 3004 AQ3004 2285 [150/59] Plate & Sheet Al-Mn-Mg
22 222 ASTM/ASME  B/SB-209 3005 AS3005 17/6.5 [115/45] Plate & Sheet Al-Mn-Mg
22 222 ASTM/ASME  B/SB-209 3105 AD3105 14/5 [97/34] Plate & Sheet Al-Mn-Mg
22 222 ASTM/ASME  B/SB-209 5005 AS5005 15/5 [105/34] Plate & Sheet Al-1.5Mg
22 222 ASTM/ASME  B/SB-209 5010 AQ5010 15/5 [105/34] Plate & Sheet Al-0.4Mg-0.2Mn
22 223 ASTM/ASME  B/SB-209 5052 A95052 25/9.5 [170/66] Plate & Sheet Al-2.5Mg
22 224  ASTM/ASME  B/SB-209 5154 A95154 30/11 [205/76] Plate & Sheet Al-3.5Mg
22 223 ASTM/ASME  B/SB-209 5252 A95252 25/9.5 [170/66] Plate & Sheet Al-2.5Mg
22 224  ASTM/ASME  B/SB-209 5254 AD5254 30/11 [205/76] Plate & Sheet Al-3.5Mg
22 223 ASTM/ASME  B/SB-209 5454 A95454 3112 [215/83] Plate & Sheet Al-2.7Mg-Mn
22 222 ASTM/ASME  B/SB-209 5457 AD5457 16/ [110-] Plate & Sheet Al-1Mg-0.3Mn
22 223  ASTM/ASME B/SB-209 5652 A95652 25/9.5 [170/66] Plate & Sheet Al-2.5Mg
22 — ASTM/ASME  B/SB-209 Alclad 3004 — 205 [213] 22/8.5 [150/59] Plate & Sheet Al-Mn-Mg
22 — ASTM/ASME B/SB-209 Aleclad 3004 — <0.5 [<13] 21/8 [145/55] Plate & Sheet Al-Mn-Mg
22 — ASTM/ASME ~ B/SB-209 Alclad 3004 — >0.05 and <0.5 21/8 [145/55] Plate & Sheet Al-Mn-Mg
[>1.3 and <13]
22 — ASTM/ASME B/SB-209 Aleclad 3004 — 2.5 and <3 2285 [15039] Plate & Sheet Al-Mn-Mg
[213 and <76]
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EZPURGE

Sizes: 2" - 72" (51-1829mm)

Pre-Formed, Self Adhesive Water Soluble Purge Dams
Revolutionizing the Way TIG Purging is Done

Don’t was re_fabour hours
on preparation:

« Gathering supplies
« Constructing
« Measuring

« Fitting
« Cutting

When you can:

« Peel, Insert & Press

« Start welding faster

- Save time on labor

« Get ahead of schedule

« Maximize your savings
How it works

Peel liner to Insert E-Z Purge Press tape along
expose adhesive dam inside pipe circumference of pipe wall

Your purge dam 1s complete n less than a minute!
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TABLE 6 - Ranges of Visual Acuity Loss

RANGES of Vision Loss VISUAL ACUITY STATISTICAL ESTIMATES
OF
Decimal |~ US Im READING ABILITY
(ICD-9-CM) notation | notation | notation
Range of 1.6 20125 §1/0.63 Normal reading speed
Normal 1.25 20116 1/0.8 Normal reading distance
(Near-) Vision 1.0 20/20 111 Reserve capacity for small
\f‘:_OFma' 0.8 20/25 1/1.25 print
SO Near- 063 2032 116 Normal reading speed
Noarmal 05 20/40 112 Reduced reading distance
Vision 04 20/50 1725 No reserve for small print
0.32 20/63 1/3.2
Source: Colenbrander - Measuring Vision and Vision Loss
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wlo (b jo a5 Jle & JSlas (minimum of five years of experience) 4,25 Jlo & JSlo>— (d
b il e codlad ol Jals sl T Jlo ) a8 il aals (225 alg) i 53 (g3l il b (o3l e
sl 0 0313 55 AP 570 5, Jaibiasl 1o a5 jshailan o y3b sl udlad alovi
Ol e b Cwlns Jlasl - (VY
ASME Sec. VIII Div.1-2019 s bl jo ol jué slo colies Jlas! - $E

ol ol ol 55 S5 o 4iiS ol Ll ¢ Jlail 4z 4 ASME Sec. VI Div.1 s bl L ;|

S Jlade By a5 ool ab Colyo a4 SBIS1L ol o (Tapered Transitions) UW-9 (c) GBI 31,0 —seses
o 4 Canleds NS sl o Consl 52525 a5 A0S 2 yrankeo ¥ U iS55 552 caslieds Vg 5l iy Calied
¢ (Taper) ;b ad Figure UW-9 -0V ea5 glae 1:3

UW-9 DESIGN OF WELDED JOINTS

(¢) Tapered Transitions. A tapered transition having a
length not less than three times the offset between the
adjacent surfaces of abutting sections, as shown in Figure

UW-9, shall be provided at joints between sections that
differ in thickness by more than one-fourth of the thick-
ness of the thinner section, or by more than 1/3 in.
(3 mm), whichever is less.

ASME Sec. VIII-Div. 1-2019 b sl cosbies Jlasl o (sjlo 4 5y OV g

Figure UW-9
Butt Welding of Plates of Unequal Thickness

Taper either inside
or outside

ENERAL NOTES:

a) + z 3y, where £ is the required length of taper and y is the offset between the adjacent surfaces of abutting sections.
b) Length of required taper, £, may include the width of the weld.

c) In all cases, £ shall be not less than 3y.

ASME Sec. VIII-Div. 1-2019 /b slo cwlks Jlasl ;o 5o ad 8456 ) OA pgas
o (Head) 515 Jlasl Jolis ol (Butt-Weld) oJ 4 J g45 51 Unequal Thickness Jlas! a5 40,0
ol 5556 > cwls (PWHT) Sloj i cldes sl 5 0,590 Caalies crmnd S sl (Shell) asoy
55 Joe UW-40 GIF1L b gsllas sl S50 5 g0 o



UW-40 PROCEDURES FOR POSTWELD HEAT

TREATMENT

{f) (5) When a welded joint connects parts of unequal
thicknesses, the nominal thickness shall be the following:
(-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 Figure UW-13.1 sketch (e):

(-c} the thickness of the shell in connections to tu-
besheets, flat heads, covers, flanges (except for welded
parts depicted in Figure 2-4 sketch (7), where the thick-
ness of the weld shall govern), or similar constructions;

{-d) in Figures 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;

{-e} 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 attach-
ment when a nonpressure part is welded to a pressure
part;

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

{-h) the thickness of the weld metal overlay when
weld metal overlay is the only welding applied

The thickness of the head, shell, nozzle neck, or
other parts as used above shall be the wall thickness of
the part at the welded joint under consideration. For plate
material, the thickness as shown on the Material Test Re-
port or material Certificate of Compliance before forming
may be used, at the Manufacturer’s option, in lieu of mea-
suring the wall thickness at the welded joint.

ASME Sec. VIII-Div. 1-2019 ,s UW40 &b PWHT cy> wcwlbrs S s Jondljgiws V03 g
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6.16 Matching Plates of Unequal Thickness AP| STANDARD 620

For plates over 1/2-in. thick in the sidewalls, roof, or bottom of a tank, if the thickness of two adjacent plates that are
to be butt-welded together differ by more than /3 in., the thicker plate shall be trimmed to a smooth taper that
extends for a distance at least four times the offset between the abutting surfaces so that the adjoining edges will
be of approximately the same thickness. The length of the required taper may include the width of the weld (see
Figure 6-3).

API 620-2018 ).3‘).3[.3 sl cwls Jl.a.s‘ o (u‘*:-“"f) 6)15 W‘J).’ (80970 :\7'):{9.»43
See6.16 =====fp 6.16 Matching Plates of Unequal Thickness

Alternate roof
connection 3 See Note 1

See 6.16
For details e through g, W, =2 L < 16tand W, < 32t
\____ Detaile Detail f Detail -1 Detailg _/
g
Permissible

Figure 5-6—Permissible and Non-permissible Details of
Construction for a Compression-ring Juncture

API 620-2018 o, lastecsl o LeJlas! ok 450! 5l diged Wiz VP el
AP| STANDARD 620

\
LN
LN
00
X \
Qo
%
LW
S
=X

Taper may
be inside
or outside

L p

Panel a Panel b Panel ¢

Preferred Permissible Preferred
(Center lines

coincide)

NOTE 1 The length of the required taper, £, may include the width of the weld.
NOTE 2 In all cases, {, shall be not less than four times the offset between the abutting plates.

Figure 6-3—Butt Welding of Plates of Unequal Thickness
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Figure 6-3—Butt Welding of Plates of Unequal Thickness slslsob
09 o ez sligy Jold Ceol (Sas w5 (Taper) codl o3¥ a5’ (L) Job -

8L ZeS jglme (slod g (Culnd) S ply ez 5l auls (L) Job V> (saen 50 -Y
ASME B31.3-2016 ;s LS5 jué sls cualies Jlasl - $X

328.4.2 End Preparation ASME B31.3
(b) Circumferentinl Welds

(5) When a girth or miter groove weld joins 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 ASME B16.25.

ASME B31.3-2016- 328.4.2 (b)(5) b sla culrs Jlasl jo (oowdl 3) 6,5 c3lsp ogs VN EY pguas
328.4 (b)(5) &l,51,L ,o (Unequal thickness) ,lpb cuwlbus g0 Jlasl coaxsy ASME B31.3 o laibeal o
Sl s slagily o U (Girth Groove) e s oy Jlas! Jome 85 GLELL cnl 4o ol onds o3
colis Jlasl il 6,550 s (1 19) 51 st LT 51 (S s wil b calies 3 51 oS 5 (Miiter Groove)

1y Gl :5gs Taper 1:3 cos L s ASME B16.25 s lastisl b @llae ciwol jlxe pl b slo

Figure 1 Maximum Envelope for Welding End Transitions

Tmin
2

DR S —
Outside | min

Note (1) L —Radius = 0.05t,;,
Outside /

45 deg max.

Radius = 0.05tmin

30 deg max.

/— Note (2)

Note (3)

=
J

Component or Fitting

Maximum [Note (5)]
[the (@1 Minimum 1.0ty

|

30 deg max.

\—Maximum

Inside \_ slope 1:3
Note (1) Radius = 0.05t;,

Inside | . .
2t transition region ——
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Bb 0gi plosl Taper - V80 pgar gillae col o il dgl J31s 50 Cwlies B a3 50,0 PipIng o :aisS
S5 Jele a0 S (oo sbml e G5 Glz S5 e 4 2SS il 5l Sl Cga o cuils Hlai
g (g0 yaS
Be advised however, the flow should travel from the smaller size to the
larger. If the flow were reversed, severe turbulence could develop.
Source: Pipe Drafting and Design handbook

I il

]
3 ‘.—_—_—_—_—_ Flow
]

dof J3ls 0,5 Taper sogos :\FO g
w9 bl o5 yslal Gillae sl TAper (o ISal 5 cily alg) (95,0 Cuslies B aziliz s

Fig. 328.4.3 Trimming and Permitted Misalignment ASME B31.3

- L
2ty

1 b

i

Permitted S Permitted

misalignment, RN misalignment, Round —
See WPS. 30 deg max. See WPS. corner

{a) Thicker Pipe Taper-Bored to Align {b) Thicker Pipe Bored for Alignment

ASME B31.3-2016 w,ls Outside s caolses sl a5 sYlasl o (Gapdly) o)l el 185 o
ASME B16.47-2011 s laitiul o (lasSy o8 glo colbes Jlas! - 3%
eVlas! o LS coslsy ail e 60 in. 526 in. 5l YL jle slils 4 by e a5 ASME B16.47 s lustesl o
Sigd (Taper) s, 8ol 5 1:3 cons & (Fig. 3) &ilas ol (Unequal) b sle cuwlses

18 deg max. (1:3)

Figure 3 Welding Ends {(Welding Neck Flanges

imvag)

18 deg max. (1:3)

L]

tp
| Ty s
F / C\}S* 18 deg max, 3 * * — 18 deg max. (1:3) —
7% i [ Y +
{a) Bevel for Outside Thickness {b) Bevel for Inside Thickness {¢) Bevel for Combined Thickness
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ASME BPVC.IX

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

{a) the thickness of the thinner member shall be within

the range permitted by QW-451
(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-No.
44, P-No. 45, P-No. 46, P-No. 49, P-No. 51, P-No. 52,
P-No. 53, P-No. 61, and P-No. 62 metal, there shall be no

limitation on the maximum thickness of the thicker pro-
duction member in joints of similar P-Number materials
provided qualification was made on base metal having a
thickness of Y, 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 maxi-
mum thickness of the thicker production member pro-
vided qualification was made on base metal having a
thickness of 11/2 in. (38 mm) or more.

More than one procedure qualification may be required
to qualify for some dissimilar thickness combinations.

ASME Sec. IX-2019 gllae s 115 51 PQR (60,15 (so3game \FA g5

l QW-450 SPECIMENS
QW-451

ASME BPVC.IX

PROCEDURE QUALIFICATION THICKNESS LIMITS AND TEST SPECIMENS

Table QW-451.1
Groove-Weld Tension Tests and Transverse-Bend Tests

Range of Thickness T of
Base Metal, Qualified,
in. (mm)

[Note (1)] and [Note (2]]

Thickness T of Test
Coupon, Welded,
in. (mm)

Maximum Thickness t of

Deposited Weld Metal, Face
Qualified, in. (mm)

[Note (1)] and [Note (2)]

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

Root
Tension, Side Bend, Bend, Bend,
QW-150 QW-160 QW-160 QW-160

Less than Y4 (1.5) T 2T 2t

Y to ¥y (1.5 to 10), incl. Yie (15) 2T 2t

Over 3;1'9 (10), but less than
% (19)

%e (5) 2T 2t

%, (19) to less than 1%, (38)
3/4 (19) to less than 11/2 (38)

%e (5) 2T
%he(5) 2T

"ha (5)
%6 (5)

1% (38) to 6 (150), incl. 8 (200) [Note (3]]

1Y% (38) to 6 (150), incl. 8 (200) [Note (3)]

Over 6 (150) [Note (6)]
Over 6 (150) [Note (6)]

1.33T
1.33T

%16 (5)
the (5)

2t whent <%, (19)
2T when t = %, (19)

2t when t < ¥ (19)
8 (200) [Note (3)] when
t2% (19

2t when t < %,(19)
1.33T when ¢ = ¥, (19)

2 2 2

2 [Note (5)] 2 2
2 [Note (5)] 2 2

2 [Note (4]] 4
2 [Note (4]] 4
2 [Note (4)] 4
2 [Note (4]]

2 [Note (4)]
2 [Note (4]]

ASME Sec. IX-2019 Glao PQR aliwgs oo ML e Calrs (godguse (VA s gual

ol sin ColBes L pre g0 po el ouls solatul ygo g0 4 T Gy SIQW-451 Jgux ;0 o4e a>g
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ASME BPVC.IX
NOTES:

(1) The following variables further restrict the limits shown in this table when they are referenced in QW-250 for the process under con-
sideration: QW-403.9, QW-403.10, QW-404.32, and QW-407 4. Also, QW-202.2, QW-202.3, and QW-202.4 provide exemptions that
supersede the limits of this table.

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

(3) For the SMAW, SAW, GMAW, PAW, and GTAW welding processes only; otherwise per Note (1) or 2T, or 2t, whichever is applicable.
(4) see QW-151.1, QW-151.2, and QW-151.3 for details on multiple specimens when coupon thicknesses are over 1 in. (25 mm).

(5) Four side-bend tests may be substituted for the required face- and root-bend tests, when thickness T is % in. (10 mm) and over.

6) For test coupons over 6 in. (150 mm) thick, the full thickness of the test coupon shall be welded.

ASME Sec. IX-2019 ,6 QW-451.1 Jgo> slgzislosl \V+ g
:QW-451.1 Jgoz> slesislosl
QW-250 4 5,k 3,50 55052 w18 (sl (B9 i) oads I8 i (i) (L slemagaee )
ezed QW-403.9, QW-403.10, QW-404.32, and QW-407.4 slo 131,010 gd o 00l g9,
Jgaz cpl jo oads ools lis sle Cuvgaze gy ole sl QW-202.2, QW-202.3, and QW-202.4
WS o e |y Jgam cpl sl Codgase a5 WS o ol
i |, QW-200.4 (g S5 lo Josdlygiws oS 5 sl Y
i 5 SMAW, SAW, GMAW, PAW, LLBW and GTAW s (Sb9> sle anlp gl lais v
B0 0,5 a5 plaS o weds Jee 20 L 2T L (V) cuslooly Billae & ygas!
o GILSIL walize olabd Slisz ly ail (25 mm) gl 5l it olbld oo b -f
S |, QW-151.1, QW-151.2, and QW-151.3
s cus b side-bend cous dadad § ol S Sl 3/g in. (10 mm) St b ool T cwls 89 -0
L0 ,8 w5l 5Ls 9,40 face- and root-bend
23,5 (6, Kigz Wb s dxdad Cuoles plos 6 10 (150 mm) 51 jis Clses b cas Slalad gl, -7
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ASME CODE FOR PRESSURE PIPING, B31

Power Piping B31.1-2016
Process Piping B31.3-2016
Tuberias de Proceso B31.3-2010
Pipeline Transportation Systems for Liquids and Slurries B31.4-2016
Refrigeration Piping and Heat Transfer Components B31.5-2016
Gas Transmission and Distribution Piping Systems B31.8-2016
Managing System Integrity of Gas Pipelines B31.85-2016
Gestion de Integridad de Sistemas de Gasoductos B31.85-2010
Building Services Piping B31.9-2014
Hydrogen Piping and Pipelines B31.12-2014
Standard for the Seismic Design and Retrofit of Above-Ground Piping Systems B31E-2008
Manual for Determining the Remaining Strength of Corroded Pipelines: Supplement to ASME B31 Code for Pressure Piping B31G-2012
Manual para la determinacion de la resistencia remanente de tuberias corroidas B31G-2012
Standard Test Method for Determining Stress Intensification Factors (i-Factors) for Metallic Piping Components B31)-2008 (R2013)
Método de prueba estandar para determinar factores de intensificacion de esfuerzo (Factores /) para componentes

de tuberias metalicas B31)-2008 (R2013)
Pipeline Personnel Qualification B31Q-2016
Calificacion del personal de lineas de tuberias B31Q-2010
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fluid service:
(a) Category D Fluid Service: a fluid service in which
all of the following apply:

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

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

(3) the design temperature is not greater than 186°C
(366°F)

(4) the fluid temperature caused by anything other
than atmospheric conditions is not less than —29°C
(—-20°F)

(b) Category M Fluid Service: a fluid service in which
both of the following apply:

(1) the fluid is so highly toxic that a single exposure
to a very small quantity of the fluid, caused by leakage,
can produce serious irreversible harm to persons on
breathing or bodily contact, even when prompt restor-
ative measures are taken

(2) after consideration of piping design, experience,
service conditions, and location, the owner determines
that the requirements for Normal Fluid Service do not

ASME B31.3

sufficiently provide the leak tightness required to protect
personnel from exposure

(c) Elevated Temperature Fluid Service: a fluid service
in which the piping metal temperature is sustained
equal to or greater than T, as defined in Table 302.3.5,
General Note (b).

(d) 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.

(e) High Purity Fluid Service: a fluid service that
requires alternative methods of fabrication, inspection,
examination, and testing not covered elsewhere in the
Code, with the intent to produce a controlled level of
cleanness. The term thus applies to piping systems
defined for other purposes as high purity, ultra high
purity, hygienic, or aseptic.

(f) Normal Fluid Service: a fluid service pertaining to
most piping covered by this Code, i.e., not subject to
the rules for Category D, Category M, Elevated
Temperature, High Pressure, or High Purity Fluid
Service.
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Chapter IX
H ini piping so designated. High pressure is considered herein
ngh Pressure Plplng to be pressure in excess of that allowed by the
K300 GENERAL STATEMENTS ASME B16.5 Class 2500 rating for the specified design

temperature and material group. However, there are
no specified pressure limitations for the application of
these rules.

(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

ASME B31.3-2016-High Pressure Piping s sesgame :\VY 3905

K300 &l 51,0 s
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ASME B31.3
severe cyclic conditions: conditions applying to specific
piping components or joints for which the owner or the

designer determines that construction to better resist
fatigue loading is warranted. See Appendix F,
para. F301.10.3 for guidance on designating piping as

being under severe cyclic conditions.
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(16) F301.10.3 Severe Cyclic Conditions. Designating
piping as being under severe cyclic conditions should
be considered when piping is subjected to both a high
stress range and many cycles. The phrase many cycles
can be taken as when the stress range factor, f, is less
than the maximum, f,,. The phrase high stress range is
normally taken as when the calculated stress range
approaches the allowable stress range. Examples include
piping associated with batch chemical reactors that cycle
maore frequently than once a day and piping that has a
reasonable likelihood of vibrating.

Frequently, failures occur at small branch connections
attached to main piping runs that do not have a high

ASME B31.3
stress range. When experience shows that these small
branch connections might be vulnerable to fatigue fail-
ure, consideration should be given to designating such
piping as being under severe cyclic conditions. See the
following references for guidance on the design of small
branch connections to avoid fatigue failure:

(@) Guidelines for the Avoidance of Vibration Induced
Fatigue Failure in Process Pipework, published by
Energy Institute

(b) Design Guideline for Small Diameter Branch
Connections, published jointly by Gas Machinery
Research Council, Pipeline Research Council
International, and Southwest Rescarch Institute

ASME B31.3-2016-Severe Cyclic Condition Lyl o)l ;o edsi VYV i

(ol IS slo (6,135 )1 ;0 ol Ll L) (Severe Cyclic Conditions) F301.10.3 &I 51,0 —sesese
W) s a5 S903 4z i bl (oo (25 3k lo JSew 5 YL lo 25 By 0 (o2F W el (255
Olgs (oo 23l (oo fm 2SI S| a8 fy 25 e j5S (B9 0ged (b st (S Lald plgse cou ] (o2
S i e (S50 10) 4 SGo 3 00l duwle jle 25 8y 0 LG |, (many cycles) ok sl JSww & le
Aol b i 5 ol Bges 358 oo 05 G (high stress range) Yo i Gliee &b Ygane wil oo jlxe
ldl 5o 5 il oo S0 5l yiton 85 JSew 0 G35 2 50 ol (1STy (5ylake LS 0 a8 5)ls 952y o8
Vb 5 e 45 Gan) g ol bt 4y Clatil Jlasl o ks gl iy o)l s4zg olas) byl Jlez]
23y ] (S 86 CanSE il oSS Sl Jlasl a5 co sols oLt aym azbl e 3l o,

S1sL8 azgi 990 wad (Mo Lulph Cod (85 Ay pec (bl ) £9d5e () (Sl il (o0
I abl s (S 5l ool cass 5l ol gl S8 Slbleiil Jlasl b sl oY slo slaal, a5 550,050
Ghwgo rwgs 0gd oo (K 5l b CenSh @ i 85 g 0] 0 a5 Glals )|l Glisl sleaal, ()
el 00l i (Energy Institute) (o5 5!
ol 5 35 oY1 ile g Sle biwg 5 i s a5 S ad b wblecs! Jlasl >1b slezal, (b)
| 00 i u).c Sgi> &.)LO.&.O.”U Sdmwda g 4.15] s ;U-oj‘ O ‘-’L°"'°"’U
o oS (B9 Ly el o Ll oy SleBl 4 sy ol b pdy Jlail o gons 00lial 3550 s (B

P b Glibos (g K00 @y (25 W) s (o9 Gtalejl (85 b 5 05l (oo 4z gy sl (A5 )

ASME B31.3-2016-Severe Cyclic Condition Ll ,& sdmlre 4 by o sl Jg0,8 :\VF gas

r
ASME B31.3
Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
f Stress range factor ‘—-. 302.3.5 302.3.5 (1a) (1b) (1c)
\ 5301.1
\\ 5301.7
\  5303.1
fn Maximum value of stress range factor 302.3.5 500 (1¢)
Sa = f(1.255, + 0.255,) (1a) For eqs. (1a) and (1b)
Equation  Sa = f[125(5. + Sy) - 5] (1b) f = stress range factor,® calculated by eq. (1¢)*
N - . . .
. _ -02 The minimum value for f is 0.15, which results in an allowable
f(see Fig. 30235) = 60(N)™ <, (19) displacement stress range, 54, for an indefinitely large number
fu = maximum value of stress range factor; 1.2 for oflcycles Ve AT Ky g e o
ferrous materials with specified minimum ten- """('1‘6;‘* et her p) S 4 R S s
sile strengths < 517 MPa (75 ksi) and at metal B i e et e e e el
< 371°C (700°F); otherwi Sustained Loads and Displacement Strains
}em Pfi)atures =~ L/ ELaSe (d) Allowable Displacement Stress Range, SA.
m = 1.
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Col. 1 Col. 2 Col. 3 Col. 4 Col. 5
Fluid Service to o High Pressure Fluid Service Ne Is the fluid No + | Is the fluid flammable? No « | Can exposure to the fluid,
be classified #-| designated by owner? See [agl toxic? "1 See definition in para. - caused by leakage, be
paras. 300{e} and K300(a). 300.2. damaging to human tissues,
Yes as defined in para. 300.27
Jﬂ,...mm Y Yes
Can a single exposure, caused by
Review the criteria in - Yes Is the fluid leakage, to a very small quantity 4.\ Yes Y
Col. 3. Do the condi- toxic? of the fluid, produce serious No o No
tions for Category M irreversible harm as defined under - Y
Fluid Service apply? Category M Fluid Service? -
See para. K300.1.4, No (See fluid service, para. 300.2.) ¥ No Is Em.ammé: gage pressure 1,035 kPa
Y . (150 psi) or less, with design temperature
Yes not greater than 186°C (366°F) inclusive?
Design and construct
y No per W:mvﬂm_. IX rules Y +<¢w
i for High Pressure Considering experience, service Y Yes Is the fluid temperature, caused by anything
Yes Fluid Service. conditions, and location involved, e other than atmospheric conditions, less than -29°C {-20°F)?
will design in accordance with Yes -
Jﬂ Normal Fluid Service classification - No
The Code makes no sufficiently protect personnel from Y Y
provision for this Fluid Ser- exposure to very small quantities of Base Code (Chaps. I-VI) applies to Base Code {Chaps. -VI) applies to
vice; see para. K300.1.4. the fluid in the environment? metallic piping; Chapter VI metallic piping; Chapter VII
applies to nonmetallic and applies to nonmetallic and
A nonmetallic-lined piping. Chapter X nonmetallic-lined piping. Chapter X
No applies to High-Purity Fluid Service. applies to High-Purity Fluid Service.
\
Can oceurrence of severe Category M Fluid Service, subject +
No cyclic conditions’ be to the owner's desi :m‘:o: Design and construct per Code Y
prevented by design? o ‘9 . rules for Normal Fluid Service and MNo Category D Fluid Service
See para. 300(d)(4). High-Purity Fluid Service, subject | doy
See para. M300{e). '9 Y . fioe, Subj designated by the owner?
to the owner's designation.
Vs See paras. 300(d )7} and U300(c). Yes
Y Y \
Design and construct per Chapter VI If occurrence of severe cyclic conditions’ cannot be prevented Piping elements limited
rules for Category M Fluid Service and by design, then to Category D Fluid
Chapter X for High-Purity Fluid Service, (a) formetallic piping, special requirements must be met. Service may be used.
subject to the owner's designation. {b) for nonmetallic and nonmetallic-lined piping, the Code makes See para. 300(d)(5).
See paras. 300{d}(7) and U300(c}. no provision for such service. See para. A300(e).

GENERAL NOTES:
a) See paras. 300(b)(1), 300(d)(4) and (5), and 300(e) for decisions the owner must make. Other decisions are the designer's responsibility; see para. 300(b)(2).

(b) The term “fluid service” is defined in para. 300.2.

NOTE:
(1) Severe cyclic conditions are defined in para. 300.2. Requirements are found in Chapter Il, Parts 3 and 4, and in paras. 323.4.2 and 241.4.3.
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UW-28 QUALIFICATION OF WELDING

PROCEDURE

(a) Each procedure of welding that is to be followed in
construction shall be recorded in detail by the
manufacturer.

(b) The procedure used in welding pressure parts and
in joining load-carrying nonpressure parts, such as all
permanent or temporary clips and lugs, to pressure parts
shall be qualified in accordance with Section IX.

(c¢) The procedure used in welding nonpressure-
bearing attachments which have essentially no load-

carrying function (such as extended heat transfer sur-
faces, insulation support pins, etc.), to pressure parts shall
meet the following requirements.

(1) When the welding process is manual, machine, or
semiautomatic, procedure qualification is required in_ac-
cordance with Section 1X.

{2) When the welding is any automatic welding pro-
cess performed in accordance with a Welding Procedure
Specification (in compliance with Section IX as far as ap-
plicable), procedure qualification testing is not required.

UW-29 TESTS OF WELDERS AND WELDING
OPERATORS

(a) The welders and welding operators used in welding
pressure parts and in joining load-carrying nonpressure
parts (attachments) to pressure parts shall be qualified
in accordance with Section IX.

ASME Sec. VIII-2019 ;s WPS & WQTconiy VA+ iy

b Joo sy Loll 5 08 sod Joodi 1 oyl b i JLid o o il (s, S35 (sleeds, = (C)
@ 35l odls dun e ydon &yl WS gl a5 solile abaw b o @le sl (Support Pins) ssle o5,las eage 4
anled 03,50 51y 5 bl ol Lid o el

S gy S ) 335 on ploil Sitlagil s b (dle oo ooy (5 S 2] o5 555 (1)
¢ pll ASME Sec. IX L glae aub

Al S byl 0sd plml WPS L gillas 5 Sislogil slaansl 51 oy abws (5550052 85 ~(2)
il od oY (5 e

5l Ealyis 3 o (055 ek ol 239 ol a5 s s a8 e e 5 Mg — ()
03 s anly o il oo ad 3y ASME Sec. IX o lailiwl alwgy a5 AWS s lailiwl sl WPS 54 salgs
odijle o by (6> Slodby, S bl anles eoygl p 1) su cnl Sl ple aSl 5 b e sl
2 63l clistial 40,5 I8 esliiul 9y90 (Baiile ple vy alie sledg; (&S Qb3 @l Wy (oo
e sss,5 0.3 ASME Sec. IX 1 QG -106 G511
s a3 ASME Sec. IX s labul b gllae WPS a5 oS o yledol ol o560 : UW-47 G510 —sesee
Sled &l wy3b & ASME Sec. IX Luls cole, » s (S loe wb ossjle g ool



ASME, API, AWS, ASTM & IPS... oo ,laitiw! 51 50,08 ol

14

UW-47 CHECK OF WELDING PROCEDURE

The Inspector shall assure himself that the welding pro-
cedure employed in the construction of a vessel has been

qualified under the provisions of Section IX. The Manufac-
turer shall submit evidence to the Inspector that the re-
quirements have been met.

ASME Sec. VIII-Div. 1-2019 ,sWPS coxsg VAN pgas
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434.8.3 Welder and Welding Procedure
Qualifications
(a) Welder and welding procedure qualifications for
cross-country pipelines shall be performed in accor-
dance with API 1104. Welder and welding procedure
qualifications for alloy steel and for shop-fabricated pip-
ing 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.
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823.2 Requirements for Qualifying Procedures and
Welders on Piping Systems Operating at Hoop
Stresses of 20% or More of the Specified
Minimum Yield Strength

823.2.1 Qualifying Standards. Welding procedures
and welders performing work for new construction and
out-of-service pipelines shall be qualified under
Section IX of the BPV Code or API 1104. For in-service
welding, welding procedures and welders shall be quali-

g

ASME B31.8 -2018 ,s WQT 4 PQR , WPS - ¥t

fied under Appendix B of API1104. Procedures qualified
under Appendix B are suitable for weld deposition
repair, provided the procedure is appropriate for the
remaining wall thickness to which it is being applied.

823.2.2 Compressor Station Piping. When welders
qualified under API 1104 are employed on compressor
station piping, their qualification shall have been based
on the destructive mechanical test requirements of
API 1104
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9.2 Qualification of Welding Procedures

9.2.1 General Requirements

9.21.1 The erection Manufacturer and the fabrication Manufacturer if other than the erection Manufacturer, shall
prepare welding procedure specifications and shall perform tests documented by procedure qualification records to
support the specifications, as required by Section IX of the ASME Code and any additional provisions of this
standard. If the Manufacturer is part of an organization that has, to the Purchaser’s satisfaction, established effective
operational control of the qualification of welding procedures and of welder performance for two or more companies of
different names, then separate welding procedure qualifications are not required, provided all other requirements of
9.2, 9.3, and Section IX of the ASME Code are met. Welding procedures for ladder and platform assemblies,
handrails, stairways, and other miscellaneous assemblies, but not their attachments to the tank, shall comply with
either AWS D1.1, AWS D1.6, or Section IX of the ASME Code, including the use of standard WPSs.
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9.3 AQualification of Welders

9.3.2 The welders and welding operators who weld pressure parts and join nonpressure parts, such as all

permanent and temporary clips and lugs, to pressure parts shall be qualified in accordance with Section IX of the
ASME Code.
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6.7 Qualification of Welding Procedure

6.7.1 Each Welding Procedure Specification (WPS) shall be qualified in accordance with the latest practice as given
in Section IX of the ASME Code.

6.8 Qualification of Welders

6.8.1 All welders assigned to manual or semi-automatic arc welding, and welding operators assigned to machine
welding, shall have successfully passed the tests conducted by the fabricator, or Manufacturer, as prescribed for
welder qualification in Section X of the ASME Code. Tests conducted by one Manufacturer shall not qualify a welder

or welding operator to do work for any other Manufacturer.
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5 AQualification of Welding Procedures with Filler Metal Additions

5.1 Procedure Qualification

Before production welding is started, a detailed welding procedure specification shall be established and qualified to
demonstrate that welds with suitable mechanical properties (such as strength, ductility, and hardness) and soundness
can be made by the procedure. The quality of the welds shall be determined by destructive testing. These procedures
shall be adhered to except where a change is specifically authorized by the company, as provided for in 5.4.

6 Qualification of Welders

6.1 General

The purpose of the welder qualification test is to determine the ability of welders to make sound butt or fillet welds
using previously qualified procedures. Before any production welding is performed, welders shall be qualified
according to the applicable requirements of 6.2 through 6.8.
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10 Repair and Removal of Weld Defects
10.1 General

Weld defects may be identified during visual or nondestructive testing, or during the company’s review of
nondestructive testing results.

10.2 Authorization for Repair
10.2.1 Company Authorization
Company authorization is required for crack repairs, back weld repairs, and double repairs and as otherwise noted in

10.2. Company authorization is not required for any repairs that do not involve the application of heat or weld metal,
such as grinding, filing, etc.
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4. Procedure Qualification
4.1 General

The purpose of a welding procedure qualification is to demonstrate the capabilities of a weld to meet required properties.
4.1.1 Each welding procedure shall be qualified.
4.1.2 This standard establishes two categories of qualified welding procedures:

(1) Category 1. Standard Welding Procedure Specifications (SWPSs) in accordance with 4.2 supported by PQRs
reviewed and validated at the Welding Research Council. The basis for establishment of an SWPS is described in Annex E .

(2) Caregory 2. Welding Procedure Specitications (WPSs) qualified by the Employer in accordance with 4.3.

To determine it SWPSs or WPSs qualified by the Employer are appropriate. the flow chart in Figure 4.1 may be utilized.
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IPS-C-PI-290(1) Oct 2009 No production welding shall be carried out before

Welding Procedure Specification (WPS), and
6. QUALIFICATION OF WELDING welder performance are qualified in accordance
PROCEDURE AND WELDER  with requirements of ASME, Section IX.and this
PERFORMANCE AND TEST RECORDS standard
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Annex A
(normative)

Specification for welded jointers
A1 Method

A1.1 Welding of any type that uses deposited filler metal and is generally considered to be sound
practice shall be permitted unless the purchaser specifies a particular method.

A.1.2 Welding procedures, welders and welding machine operators (hereafter called operators) shall be
qualified in accordance with a standard approved by the purchaser.

API 5L-2018 o Jastil o WPS & WQT Corniog 120y g
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8.11 Jointers

8.11.1 Jointers may be furnished if agreed.

8.11.2 Welded jointers shall be made in accordance with the requirements of Annex A.

8.11.3 No pipe used in making a jointer shall be less than 1,5 m (5.0 ft) long.

APISL-2018 5 bl 5 aly) Job Conng )4 5

WOPPILL?
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55 hls 36" 51 25,5 5 36" sla Agd s g b 5o (S5 x> S APLSL o Ayl 55 4z g

PIPING EQUIPMENT 2001 — TROUVAY & CAUVIN M

(1) PSL 1 is limited to sizes from 0.405 through 80 inches (10,3 to 2032 mm)
(2) PSL 2 is limited to sizes from 4 1/2 to 80 inches (114,3 a 2032 mm)
(3) Double seam pipe is limited to sizes 36 inches (914 mm) and larger

(4) Helical seam pipe is limited to sizes 4 1/2 inches (114,3 mm) and larger.

TC Handbook Ll  APTSL s Jastiul sla ddg) jo lo hg las olowd comdg VY j g
3,5 Joe APISL o laiteul 5ANNEX D gilas ool (oo Ol pons (150

OlF 50 eiomed 3,5 s Annex ol o8 wlol p e LS,QVVPS oas g 4 slp Annex D L gl
5403 APISL o lastl 5l Annex D ol 50 o551 1, ASME Section IX o lasbew! yslgd

D.2 Repair welding procedure qualification

D.2.1 General

D.211 Welding procedures shall be qualified by preparing and testing welds in accordance with this
annex, except as allowed by D.2.1.2.

D.2.1.2 At the option of the manufacturer, the welding procedure qualification mechanical tests
specified in ISO 15614-1[24], API Spec 5L, 43™ Edition [17] or ASME Section X[26] may be substituted for
those specified in D.2.3.

API 5L-2018 s ,lastsl ,sWPS consg VA o
oS g Joadlygiws Cudo ol (Repair welding procedure qualification) D.2 G81,51,L —seses
LS - (General) D.2.1 &I $1,L -
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D.3 Welding personnel performance qualification

D.3.1 Qualification

D.3.1.1 General

Each repair welder and operator shall be qualified according to the requirements of this Clause.
Alternatively, at the option of the manufacturer, welders and operators may be qualified to 1SO 9606-1[25],
ASME Section X261, API Spec 5L, 43" Edition ['7], Appendix C, or EN 287-1[24],

A repair welder or operator qualified on one pipe grade category [see D.2.2 b)] is qualified for any lower
pipe grade category, provided that the same welding process is used.

D.3.1.2 Inspection

To qualify, a repair welder or operator shall produce welds that are acceptable by inspection as follows:
a) film radiographic inspection in accordance with Annex E;
b) two transverse guided-bend tests (see D.2.3.3).

D.3.1.3 Inspection failures
If one or more of the inspections in D.3.1.2 fail to meet the specified requirements, the welder or operator
may make one additional gqualification weld. If that weld fails one or more of the inspections in D.3.1.2, the

welder or operator is disqualified. No further retests shall be permitted until the welder has completed
additional training.
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D.3.2 Re-qualification

Re-qualification in accordance with D.3.1 shall be required if one or more of the following applies.

One year has elapsed since the last prior applicable qualification.

The welder or operator has not been welding using qualified procedures for a period of three months
or more.

There is reascon to question the welder's or operator's ability.
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Chapter V
Fabrication, Assembly, and Erection

328 WELDING AND BRAZING
328.2 Welding and Brazing Qualification 328.2.1 Standard Welding  Procedure

Welding and brazing procedure specifications (WPSs Specifications. Standard welding procedure specifica-
and BPSs) to be followed in production welding shall tions published by the American Welding Society and
be prepared and qualified, and welders, brazers, and listed in Mandatory Appendix E of Section IX are per-
operators shall be qualified as required by the mitted for Code construction within the limitations
ASME BPV Code, Section IX except as modified by established by Article V of Section IX.
para. 333 for brazing of Category D Fluid Service piping
and by the following subparagraphs.

ASME B31.3-2016 ,s PQR 3 WPS oy ¥+ ) g8
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Chapter IX
High Pressure Piping

PART 9
FABRICATION, ASSEMBLY, AND ERECTION

K328.2 Welding Qualifications

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

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

(b) Testweldments shall be made using the same spec-
ification and type or grade of base metal(s), and the
same specification and classification of filler metal(s) as
will be used in production welding.

(c) Test weldments shall be subjected to essentially
the same heat treatment, including coeling rate and
cumulative time at temperature, as the production
welds.

(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 minimum yield strength at room temperature
(Sy) for the base metals joined. Where two base metals
having different Sy values are joined by welding, the
yield strength of each test specimen shall be not less
than the lower of the two Sy values.

(e) Mechanical testing is required for all performance
qualification tests,

(f) Qualification on pipe or tubing shall also qualify
for plate, but qualification on plate does not qualify for
pipe or tubing.

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

ASME B31.3-2016-High Pressure Piping ,o wblicsl s PQR § WPS consg Y+ Y pga
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Interpretation: 17-27
Subject: ASME B31.3-1999 Edition, Para. K328.2.1 (a), Welding Qualification Requirements
Date Issued: November 16, 1999
File: B31-99-024
Question: In accordance with ASME B31.3-1999 Edition, Para. K328.2.1 (a), must the

performance qualification test coupons for each welder and welding operator be impact tested?

Reply: Yes.

Interpretation of B31.3 )| Ko den slp 4 po cd 5L Y- Y pgas
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Chapter V
Fabrication, Assembly, and Erection
328.2 Welding and Brazing Qualification

328.2.2 Procedure Qualification by Others. In order (b) The employer has qualified at least one welder,
to avoid duplication of effort and subject to the approval brazer, or operator following each WPS or BPS.

of the owner, WPSs and BPSs qualified by a teC_hnically (c) The employer’s business name shall be shown on
competent group or agency may be used provided the each WPS and BPS, and on each qualification record. In
following are met: addition, qualification records shall be signed and dated

(a) The procedures meet the requirements of by the employer, thereby accepting responsibility for the
Section IX and any additional qualification requirements qualifications performed by others.
of this Cede.

ASME B31.3-2016 ) %0 PQR ;I oslaal ¥+ ¥ g
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PART 9
FABRICATION, ASSEMBLY, AND ERECTION

K328.2.2 Procedure Qualification by Others. Quali-

K328.2.3 Performance Qualification by Others.
Welding performance qualification by others is not
permitted.

fication of welding procedures by others is not
permitted.
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06-107 OWNERSHIP TRANSFERS

Organizations may maintain effective operational con-

trol of PQRs, procedure specifications, and performance
qualification records under different ownership than ex-
isted during the original procedure qualification. When
an organization or some part thereof is acquired by a

new owner(s), the PQRs, procedure specifications, and
performance qualification records may remain valid for
use by the new owner(s) without requalification; and
the new owner(s) PQRs, procedure specifications, and
performance qualification records become valid for use
by the acquired organization, provided all of the following
requirements have been met:

(a) The new owner(s) takes responsibility for the pro-
cedure specifications and performance qualification
records.

(b) The procedure specifications and performance qua-
lification records have been revised to reflect the name of
the new owner(s).

{c) The Quality Control System or Quality Assurance
Program documents the original source of the PQRs, pro-
cedure specifications, and performance qualification re-
cords as being from the original qualifying organization.

ASME Section [X-2019 ,%5 PQR ;1 eslatul comsg Y+ & guas
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QG-106 ORGANIZATIONAL RESPONSIBILITY

QG-106.1 Procedure Qualifications. Each organiza-
tion is responsible for conducting the tests required by
this Section to qualify the procedures that are used in
the construction of components under the rules of the
Codes, standards, and specifications that reference this
Section.

{a) The personnel who produce test joints for proce-

dure qualification shall be under the full supervision
and control of the qualifying organization during the pro-
duction of these test joints. The persons producing test
joints for the qualification of procedures shall be either
direct employees or shall be personally engaged by con-
tract for material-joining services.

(b) Production of qualification test joints under the
supervision and control of another organization is not
permitted. However, it is permitted to subcontract any
or all of the work necessary for preparing the materials
to be joined, the subsequent work for preparing test spe-
cimens from the completed test joint, and the perfor-
mance of nondestructive examination and mechanical
tests, provided the organization accepts full responsibility
for any such work.

{c) If the effective operational control of procedure
qualifications for two or more companies of different
names exists under the same corporate ownership, the
companies involved shall describe in their Quality Control
System/Quality Assurance Program the operational

control of procedure qualifications. In this case, separate
procedure qualifications are not required, provided all
other requirements of this Section are met.
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NONMANDATORY APPENDIX R
PREHEATING

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

fa)} 175°F [79°C) for material which has both a speci-
fied maximum carban 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-HO.3 GROUP NOS. 1,2, AND 3

{a} 175°F (79°C) for material which has cither a speci-
fied minimum tensile strength in excess of 70,000 psi
(480 MPa) or a thickness at the jolnt in excess of Y in.
{16 mm];

fb) 50°F [10°C) for all other materials in this
P-Numbser,

R-3 P-MO. 4 GROUP NO5. 1 AND 2

fa) 250°F (121°C) for material which has either a spe-
cified minimum tensile strength in excess of 60,000 psi
(410 MPa) or a thickness at the joint in cxeess of Y in
(13 mm);

fb) 50°F (10°C) for all other materials in this

R-9 P-NO. 10 GROUPS

175°F (79°C) for P-No. 10A Group No. 1 materials
250°F [121°C) for P-No. 10B Group No. 2 matcrials
175°F (79°C) for P-No. 10C Group No. 3 materials
250°F [121°C) for P-No. 10F Group No. 6 materials

D5 6 S slr

Far P-No. 10C Group Na. 3 materials, preheat is neither
required nor prohibited, and consideration shall be given
to the limitation of interpass temperature for various
thicknesses v avoid detrimental effects on the mechani-

cal properties of heat reated material,

For P-No. 10D Group No. 4 and P-No. 101 Group No. ]

materials, 300°F [ 149°C) with interpass temperature
maintained between 350°F and 450°F (177°C and 232°C)

R-10 P-NO. 11 GROUPS
fa)P-No. 11A Group
Group No. 1 — None (see Note)
Group No. 2 — Same as for P-No. 5 (see Note)
Group No. 3 — Same as for P-No. 5 (see Note)
Group Na. 4 — 250°F (121°C)

P-Number.

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

fe) 400°F (204°C) for material which has either a spe-
cificd minimum tensile strength in excess of 60,000 psi
(410 MFa), or has both a specified minimum dromium
content above 6.0% and a thickness at the joint in excess
of i 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
Nonc R-11 P-NO. 15E GROUP NO. 1

{a) 400°F (205°C) for material that has either a sped-
fied minimum tensile strength in excess of 60,000 psi

(b} P-No. 11B Group

Group Na. 1 — Same as for P-No. 3 (see Note)
Group Na. 2 — Same as for P-No. 3 (see Note)
Group Na 3 — Same as for P-No. 3 (see Note)
Group Na 4 — Same as for P-No. 3 (see Note)
Group Na. 5 — Same as for P-No. 3 (sec Note)
Group Na 6 — Same as for P-No. 5 (see Note)
Group Na 7 — Same as for P-No. 5 (see Note)

NOTE: Consideration shall be given 1o the limitation ol interpass
temperat ure lor various thicknessex to avoid detrimental effects
on the mechanical properties of beat realed malerbk.

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

None (410 MPa) or has both a specified minimum chromium

content above 6.0% and a thickness at the joint in exoess
of Yz in. (13 mm).

(B} 300°F (150°C]) for all other materials in this
grouping.

R-8 P-MO. 9 GROUPS

250°F (121°C) for P-No. 9A Group No. 1 materials
300°F (149°C) for P-No. 98 Group No. 1 materials

ASME Sec. VIII Div.1-2019-Appendix R &b 5k o ,Kog> sl Preheat :v- g

Volume 4 - CASTT Guidebook to ASME Section VIII Div. 1 - Pressure Vessels

Appendix R also contains precautionary information on interpass temperatures. The quenched and
tempered materials in P-Number 10C Group 3, and P-Number 11, all groups, may experience
deterioration of strength and toughness at elevated temperatures. In such cases, a maximum
interpass temperature should also be adhered to. This is particularly important in thinner materials.
The maximum interpass temperature is not suggested. Generally, the Code user would be advised to
weld as close to the preheat temperature as possible and to avoid temperatures in excess of 600°F
(315°C). For the quenched and tempered P-Number 10D Group 4 and P-Number 10E Group 5
materials, a maximum interpass temperature of 450°F (230°C) is suggested in the appendix.
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r
UW-30 LOWEST PERMISSIBLE TEMPERATURES to a temperature at least warm to the hand [estimated to
FOR WELDING be above 60°F (15°C)] before welding is started. It is re-

It is recommended that no welding of any kind be done commended also that no welding be done when surfaces

when the temperature of the base metal is lower than 0°F are wet or covered with ice, .when s:now is f.alling. on the
(~20°C). At temperatures between 32°F (0°C) and 0°F surfaces to be welded, or during periods of high wind, un-

(~20°C), the surface of all areas within 3 in. (75 mm) of less the welders or welding operators and the work are

the point where a weld is to be started should be heated properly protected.
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Piping Handbook Seventh Edition

Preheat and Interpass Temperature. Ferritic materials undergo metallurgical
phase changes when cooling from welding to ambient temperature. Mild steels
which contain no more than 0.20 percent carbon and 1 percent manganese can be
welded without preheat when the thickness is 1 in (25 mm) or less. However, as
the chemical composition changes by increases of carbon, manganese, and silicon or
the addition of chromium and certain other alloying elements, preheating becomes
increasingly important since the higher carbon and chrome molybdenum steels can
develop more crack-sensitive martensitic, matensitic-bainitic, and other mixed phase
structures when cooled rapidly from welding temperatures.

There is also a potential for hydrogen from SMAW electrode coatings or from
moisture on the base metal surface to be dissolved in the weld. Also as the weld
cools, stresses caused by shrinkage are imposed on the parts and distortion can
result; and as thickness increases, thermal shock from the heat of welding can induce
cracking more readily.
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Preheating prior to welding is a solution to most of these problems. Preheating
slows the cooling rate of the weld joint and results in a more ductile metallurigical
structure 1n the weld metal and HAZ. It permits dissolved hydrogen to diffuse
more readily and helps to reduce shrinkage, distortion, and possible cracking caused
by the resultant residual stresses. It raises the temperature of the material sufficiently
high to be above the brittle fracture transition zone for most materials.

The codes vary regarding preheat requirements. Some have mandatory require-

ments while others give suggested levels. For example, for carbon steel welding,
the B31.1 Code requires preheating to a temperature of 175°F (80°C) when the
carbon content exceeds 0.30 percent and the thickness of the joint exceeds 1 1n.
B31.3 recommends preheating to 175°F (80°C) when the base metal specified
strength exceeds 71 ksi or the wall thickness is equal to or greater than 1 in (25
mm). ASME III Section suggests a preheat of 200°F (95°C) when the maximum
carbon content is 0.30 percent or less and the wall thickness exceeds 1% in for P
No. 1 Gr. No. 1, or 1 in (25 mm) for P No. 1 Gr. No. 2. It also suggests a 250°F
(120°C) preheat for materials with carbon in excess of 0.30 percent and wall thick-
nesses exceeding 1 in (25 mm). The ASME B31.4 and B31.8 Codes require preheat
based on carbon equivalents. When the carbon content (by ladle analysis) exceeds
0.32 percent, or the carbon equivalent (C + % Mn) exceeds 0.65 percent, preheating
is required. The reader i1s advised to consult the specific codes for preheating
requirements. See Table A6.4 for some typical preheat requirements.

It should be noted that for the 9Cr-1Mo-V (P No. 5B Gr. 2) material some
manufacturers suggest a preheat of 350°F (177°C) for GTAW and 400 to 450°F
(204 to 232°C) for other types of welding regardless of thickness.
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ASME B31.1 Table 131.4.1-2016 . Preheat sl
: (Preheat Temperatures) 131.4.1 Jgo> slyislosl
ol ot aseiie o225 alSovial JBlas caise SMTS ;IS coslsoly

Looilooly
36 ASME Section IX s lasteal 5l QW/QB-422 glhs s Gr. No. 4 s P-No. -(V)

5 olie iz, 5l ) Jsb 5l eads atils p saiged 31 sdel cawas JIUT Lol 5 sl (Sen olonds oS 5 -

QD)

Al (o8 Slazine gle esgaze b Bilkae b (5,5 aisn ) 5l aw) Sl Jpame L (GJB

el 600°F (315°C) ks iy )], a2y yiSTas
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Table 131.4.1 Preheat Temperatures

Greater Material

Base Metal Thickmess

Group . mm

Base Metal
P-No. [Note (1)]

Required Minimum Tem perature
Additional Limits °F *C

1 Carbon steel £25

Alloy steel
Cr < Y%

Alloy steel
Lh%h < Cr < 2%

Alloy steel

Alloy steel

Martensitic
stainless steel

Mickel alloy steel
Mickel alloy steel
27 Cr steel
15E 9Cr—1Mo-V CSEF
steel

All other materials

%6C > 0.30 [Note (2)] 50 10
%6C = 0.30 [Note (2)] 50 10
%6C > 0.30 [Note (2)] 200 95
SMTS = 65 ksi (450 MPa) 50 10
SMTS = 65 ksi (450 MPa) 200 95
SMITS = 65 ksi (450 MPa) 200 25
Naone 250 120
SMTS = 60 ksi (414 MPa) 300 150
SMTS > 60 ksi (414 MPa) 400 200
SMTS = 60 ksi (414 MPa) 300 150
SMITS = 60 ksi (414 MPa) 400 200
%Cr = 6.0 [Note (2)] 400 200

Nane 400 200
[Nate (3)] [Note (3)]

250 120
300 150

300 150
[Nete (4)] [Mate (4)]

400 200

50

GEMNERAL NOTE:
NOTES:

SMTS = specified minimum tensile strength.

{1) P-Nos. and Group nos. from ASME BPV Code, Section IX, QW/QB-422.
(2) Composition may be based on ladle or product analysis or per specification limits.

(3) Maximum interpass temperature 600°F (315°C).

{4) Maintain interpass temperature between 300°F and 450°F (150°C and 230°C).

ASME B31.1 Table 131.4.1-2016 L Preheat sles :Y\0 pguas
ASME B31.3-2016-Process Piping s ,laitiws! 4o (Preheat) p iy - 35

(Preheat) ¢ ,%i — 330 GI1,51,L -4

r
330 PREHEATING
330.1 General

The preheat requirements herein apply to all types of
welding, including tack welds, repair welds, and seal
welds on threaded joints.

330.1.1 Requirements. Unless specified otherwise
in the engineering design, the minimum preheat temper-

atures for materials of various P-Numbers are given in
Table 330.1.1. The thickness intended in Table 330.1.1 is
that of the nominal thickness of the thicker component
[as defined in para. 331.1.3(c}]. Higher minimum preheat
temperatures may be required by the WPS or by the
engineering design.

ASME B31.3-2016 s kil o o Sy slgiion 5 pl3ll Cornidg Y\ 0

olds : (General) 330.1 &l 51,0 -
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i 2l Slebsz (s moni Slediszr do Tack Weld alex 5l (6, Stg> gl (saan 050 50 (oo Sy 3550 (0l 5o
ol ol (sl og;, YLas! o (Seal Welds)
<lel3l s (Requirements) 330.1.1 &I 51,0 -

Losle Juye ln o Xom )l azpe Blas il 005 (ol qwiipe (b &5 6o)lse 0 o> @
Cawles 5l e le 330,11 Jgax o cwlis 5l jekate .ol oo )53 330.1.1 Jgom ,o calize slo P-No.
) )JYL) ‘_,’.c)iw.u u)‘)} a0 JB‘J? [odwa UU)"" 330.1.1.3 (C) d‘;bb 3 4?UT d.’Ua.o] B W £y ‘SQWJ‘
23,5 atuive cwdige >l lws L WPS (s il

2l (ood Canad jo a5 sledl yie ¢ (Unlisted Materials) 330.1.2 &8l 31, -
25,5 Lateie WPS )5 b o)l05 0435 Cd 10 a5 JU ke sl (oo, Slalyll

326.1.1 GISIL @ wul oo ;53 326.1 Jgo 0 a5 sl slo Jb ke (8 Slasuin cand wundd 5 5laie)
(9% axl e
o Xy Ol ax s, (Preheat Temperature Verification) 330.1.3 &l,51,L -

g D)l (Gl &) Sl 4z seates Gl Gleld Al Wb oSy Sl 4z - (3)
o Sl a0 wgh Jols Gliaebl B 00,8 S g 6,5 ojlal ccwlie slaylnl ple b (Pyrometer)
235 oo taley sz e 0 4z 5 55 hez 5l b ax WPS o euds (asets

L &lae (Low energy capacitor discharge) ., Kag> jog, 5 eolinwl b aily oo o 55505 — (b)
0,5 Jate g jLid s gl 4 Lagiins 328.7 G131
: (Preheat Temperatures) 330.1.1 Jgo> slyzislosl

3L ASME Section IX s laitea! 5l QW/QB-422 ks s Gr. No. 4 s P-No. -())

Ll 0 aseie oS plSoinl JBlos> assee SMTS (V)

3 olie s, 5l ) JSb 5l oo ails y saiges 5l sdel Cawdy T lul ol (S loonds oS 5 —(Y)
L (i

bl (1 Slasie sl o3gazme b Gllae b (6,5 i3y 5l aw) Sl Jpame
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Table 330.1.1 Preheat Temperatures

Base Greatfar
Material

Metal hickn
P-No. _ Thickness Additional Limits

[Note (1)] Base Metal Group mm in. [Note (2)] °C °F

Required Minimum Temperature

1 Carbon steel =1 None 10 50
>1 %C < 0.30 [Note (3)] 10 50
=1 %C = 0.30 [Note (3)] 95

Alloy steel, Cr < Y4,% <Y, SMTS < 450 MPa (65 ksi) 10 50
SMTS < 450 MPa (65 ksi) 95 200
SMTS > 450 MPa (65 ksi) 95

Alloy steel, 4% < Cr < 2% None 120 250

Alloy steel SMTS < 414 MPa (60 ksi) 150 300
SMTS > 414 MPa (60 ksi) 200 400

Alloy steel SMTS < 414 MPa (60 ksi) 150 300
SMTS = 414 MPa (60 ksi) 200 400
%Cr > 6.0 [Note (3)] 200 400

Martensitic stainless steel None 200 [Note (4)) 400 [Note (4)]
Nickel alloy steel None 120 250
Nickel alloy steel None 150

27Cr steel None 150 [Note (5)] 300 [Note (5)]
9Cr-1Mo-V CSEF steel None 200 400

All other materials - . None 10 50

NOTES:

(1} P-Nos. and Group Nos. from BPV Code, Section [X, QW/QB-422.

(2) SMTS = Specified Minimum Tensile Strength.

(3) Composition may be based on ladle or product analysis or in accordance with specification limits.
(4) Maximum interpass temperature 315°C (600°F).

(5) Maintain interpass temperature between 150°C and 230°C (300°F and 450°F).

ASME B31.3-2016- Table 330.1.1 L Preheat clos :Y\A ;g

oYlasl slsg> ((Attachment Welds) 328.7 &l 51,4 -
335 slpde> « (Complete penetration) JolS 345 slodigr & yga Canl Sow (Structural) oYlas!
Jlo jshay) 850 YLl 6, She> glp oaisl (Fillet) ol aisS sleiss> ¢ (partial penetration) ;>
P-No.15E jczen g P-N0.5B 5 5 P-No.1 slao¥ed 55, » sSlaisle e o3l OYlail g (o bsS g0 s
&8ss 5l lg o (PostWeld Heat Treatment) Jlo; o5 b 10°C (50°F) 5 s b (o Sin (o
: 4SSy bg i 0,5 oolinwl (Low energy capacitor discharge)

as slo b, oS 50 (Low energy capacitor discharge) oKcws o o a5 595 ags WPS G - (a)
o 23¥ WPS ) 615 PQR g 09 o0l 50 ()T (0 50 SS9 0o 5 e o 43 4,

Qb sgame (125 W-sec) 4l -ols VYO b (¢ ) Kag> ol 65,50 >9,5 — (D)

Qb 3,0 0.15% cp )5 ole siSTa> P-No. 15E 4 P-No. 5A, P-No. 5B sle Jb e sl - (€)

eosd S5 e 5 gy iz sk il T Jlail Jove s wiads il b S50 5 4l 5l e - (d)
28,8
p X saikio ((Preheat Zone) 330.1.4 &l 51,4 -
Syl o 5l Jlail 5555 e5m el cules pln 15 L ek 75 sl 4 ol 4ol 5l el p Sy sailais
Lo 518 oo,y Sl a0 il oo (aseidie Sl az e a5l VL Ll wul o Ol 4z 0 5 (e
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25 mm 5 eS wls ol by g 009 ooy astie &yl > ax o JBlas 5l 5YL Ll b Tack slese> sl p
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DSl CSHS &gy Oyl dx e ao e ol 0¥ —12.2.4 G S1L -
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API 650-2020 55 o Sy — ¥

O g0 kbl e S0 b Bl Sl s Wad o)\ Kiex Wb a5 gl aSu8g :7.2.1.2 GBI ST -
Seb plil Wl () 8as> Slikes g9 guop ol laslh A5 pls o b (ol iz 59y 2 S b OLL AL
Syl az o 5l Ol a0 a8y eiores 3o S Cdadlne pslis Holay (6,05 (gadlaie g g aSCyl K
P Gl azpbabal b b gz ol 5500 (o0 Sy el wil a8 T-1a Jgozr sl o3Y

7.2 Details of Welding

7.21 General

7.2.1.3 No welding of any kind shall be performed when the surfaces to be welded are wet from rain, snow, or ice;
when rain or snow is falling on such surfaces; or during periods of high winds unless the welder and the work are
properly shielded. Also, preheat shall be applied when metal temperature is below the temperature required by
Table 7.1a and Table 7.1b. In that case the base metal shall be heated to at least the temperature indicated in
Table 7.1a and Table 7.1b within 75 mm (3 in.) of the place }where welding is to be started and maintained 75 mm
(3 in.) ahead of the arc.

API 650-2020 ol 5 p K Condg Y+ pguas
5 395 p,5 Wed oo Egpd (5, Kigx a5 e 5 7T5Smm (3 1n.) olusl as (5l e3gae 43 oo oslo oles 7-1a Jgo
g LBl 45 &l y> 4zl Gugd 3l pel>TSmm (3 in.) w> o

Table 7.1a—Minimum Preheat Temperatures (Sl)

Material Group Thickness () of Minimum Preheat
per Table 4.4a Thicker Plate (mm) Temperature
t<32 0°C
Groups |, 11, 11l o
& A 32<t<40 10°C
t>40 93°C
t<32 10°C
Groups IV, IVA,
V&V 32<t<40 40°C
t=>40 93°C

API 650 - 2016 _ulul 5 calises slo JU e sl p %k slos VY g
API 620-2018 ,8 o S — 11
o iy Sldas :Appendix-H ;I H-4 8l 51,0 —sesesr

Annex H
(informative)

Recommended Practice for Use of Preheat, Post-heat, and Stress Relief

H.1 Infroduction

H.4 Preheat Treatment

Preheating should be performed by heating and maintaining this heat in appreciable lengths of the joint to be welded,
preferably using a strip burner with a mild flame rather than a harsh flame such as that from a cutting torch. Electrical
strip heaters are available and have been found to be satisfactory. The preheat of 300 °F should be checked with a
Preheating should be performed by heating and maintaining this heat in appreciable lengths of the joint to be welded,
preferably using a strip bumer with a mild flame rather than a harsh flame such as that from a cutting torch. Electrical
strip heaters are available and have been found to be satisfactory. The preheat of 300 °F should be checked with a

API 620 - 2018 s Juilil ;5 oS, YYY 55
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S oy el ks 0ad () Kgzr axkad (S8 elys 8y il ool Lis alialesT le s ) (g5l
Q5L (1100 °F) 5l pis 5, as 0,0 ol i Jolee 0L (300 °F - 400 °F) sloo ,o Juwl
ks YD ke 19 b b sl 53y 5 Lt yiber ol aols ol | sy (5 s csbli s
ol 00 ol

L 33 gy Lol sl o5 03l o plosl s (smspioms (] 31 i 5] aliodle WS jshar o Sty 5
Sl 455 ok a3l anils s ST (SIS g0l 4 el (a Ky ) ol 09u < choc auslie ples (sl ¢ Jl> el
@ISy G5 g Sl a5 @Yl Cueal Bl (33 (Sajiz (S8 ecdie VA ] i Culis b sld)y cSle
255 L8 alamde 090 b g0 Sl Bl ood los (Sl Dldos aliws

4 L"—*—’)’ 5955 pll (gl jola (Sl 905 (o0 5,052 &5 JLail (55 2 (oSt SIS sles 5 e
izmed 00,5 alowl 60, aled anle wad aled > 4 Laugie aled g5 6 )lg Unie dhigy (o Siiny Cand
Al odds oald aseis cwlin ju (6,le8 S sl

00,5 S wlie @udo Olgol b &)l > a8 4wl (Crayon) o sl Slowe Ay b 300 °F o Koy
Syl ax e JBlas o Jlasl jo Bk ja )l (Gl 55,5 plaS j0) 38 cwlus plp L4 1N ojlail 4 Jlas! 4SS gl
LSl 00l dogi b Jogie 9 b J3U sletiox sl Sy sla e b le Jade g8 anils oSS o0 Ky

25,5300 °F 51 a8 wuli by 51 oo azp0 (5 Sgz D5 50 o5 e
sh By (@ 053 el s () Sgx Sliles aigSame 16 ) K9z Gl soz Lulps s 6.1 SISTL e
350 L 52l Gy ol b glan ool 3, 52 455 (D A3 e b i 0l 31 g (5 KBzl o5
Hsled a5 058 00 IS ($8g b p Ry Sliles wigd Cladlre )15 5 Sga aSCul Ko wBl ol el (135 M

Jgaz 40 oo Lasine les jo Blas b wb 38 aise; cpl j0 il 6.2 Jgam j0 eod asin sl 5l S b
g o P-NO. 048 Lad> 0,8t ab wsd 5l JSel> 0 zul ¥ ol oo el 6 ) SKiag> a5 oo 51 g 040 0,5 6.2
5 3929 QW-422 Jysm s bz L QW-422 Jyur ASME Sec. IX s luitiol b sslias b bs Gr. No.

b 6.7.2 G151, API-620 o ksl b Glae sl

' 6.11 Weather Conditions for Welding

No welding of any kind shall be done (a) when the surfaces to be welded are wet from rain, snow, or ice, (b) when rain
or snow is falling on such surfaces, or (c) during periods of high winds, unless the welder and work are properly
shielded. Preheat shall be applied when the metal temperature is below the temperature required by Table 6-2. In that
case the base metal shall be heated to at least the temperature indicated in Table 6-2 within 3 in. of the place where
welding is to be started and maintained 3 in. ahead of the arc. Material P-Numbers and Groups shall be as
designated in ASME IX, Table QW-422 or in API 620, 6.7.2 for materials not listed in Table QW-422.

Table 6-2—Minimum Preheat Temperatures

Material
P-No. and Group

Thickness (i)
of Thicker Plate
(inches)

Minimum
Preheat
Temperature

P-No. 1
Group 1

1<1.25

1.25<1r<1.50

50 °F

r>150

200 °F

P-No. 1
Groups 2 & 3

1<1.25

50 °F

1.25<t<1.50

100 °F

r>1.50

200 °F

AP 620 - 2018 o kil ;5 oSy (slad YYY g
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(PWHT) lsj s —(VA
ASME Sec. VIII Div.1-2019 & jlasbiwl yo olsj i - Xt
SLid co o5 sl (PWHT) Sls; i - m
aloz 5l anily oo ,Lad Cod (3l o 2l 5 Sliles 0aiS s edole cpaie
UCS-68 gUW2 L gllas 35 gy — ()
UCS-56 P-No. 3 Gr.3 L @las o35 JU e i —(Y
UCS-56, UHA-32, UNF-56 L lae 350 JU e i olal p Calses — (¥
UCS-79 L gillas (5 (25 JS&) 0 ps Siie 3 Sllos —(F
UCS 56 L glhas 5,9 ol ,3 — (O
fom g —)
ASME Sec. VIII Div.1-2019-UW-2(a) 4l 51,L =
slp (PWHT) olsj 25 il oariS olge (ol (350 Lmag i 4505 ,00,0 1 UW2(a) GIS1LL L sillae (A
23l oo (Mandatory) s Lal 5 !l (Low Alloy) 5LT o5 sle JU s 9 (Carbon Steel) sla JU s
G o ooliiwl glp 0gd o oty ERW (Electric resistance welded) o jga a5 jls 550 wgd b alg
Slgr ol il iz 0 bl o jlxe (Lethal) socis sl og,w ;0 (Nozzle) JsU L (Shell)
D¢ plol B1F g0, o 10 o & yga UW-51 gillae el o (All butt welded joints) L

UW-2 SERVICE RESTRICTIONS

(a) When vessels are to contain lethal®® substances,
either liquid or gaseous, all butt-welded joints shall be
fully radiographed in accordance with UW-51, except
for butt welds subject to the provisions of (2) and (3) be-

low and UW-11(a)(4), and butt welds in stiffening rings
designed under the rules of UG-29. ERW pipe or tube is
not permitted to be used as a shell or nozzle in lethal ser-
vice applications. When fabricated of carbon or low alloy
steel, such vessels shall be postweld heat treated.

ASME Sec. VIII Div.1-2019-UW-2 5L lo; i 59l plidl by YYYF 5 gas
165 o,leis cuslosl L glae (Lethal Service) coniS gy i o

65 By “lethal substances” are meant poisonous gases or liquids of such a nature that a very small amount of the gas or
of the vapor of the liquid mixed or unmixed with air is dangerous to life when inhaled. For purposes of this Division,

this class includes substances of this nature which are stored under pressure or may generate a pressure if stored
in a closed vessel.

UW-2 5,5l el oaisS gy i a5 VYO gl
L bolse jue b bolsee &jygas mule Lo b 15 51 g5l jlaws Jlade a5 Wad oo 3] Slale o 35 45 oo olge
Plem ol b aS s golge oS cul b isu ol 5l Gas aiiloe SUjhs S0 gl wigd uas a5 Sl ddga
isled Hlasd adgr cigd aily a5 aiuy )0 (b 5o dxilin el e b Wgd oo aldls 4S5 LS Cod coaslS
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ASME Sec. VIII Div.1-2019-UCS-68 i 51,, - m
SLELL e sl oo a3l -55°F (-48°C) 5l jisyw 3B >hb ol daxpe JHlas aSads — (a)
250 0.35 51 58 (Fig. UCS-66.1) pgai 10 ool cpuens Glibail s aSisl ;50 ol UW-2(b)
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wslo PNOT e 51 a8 Ll shal g o5l 50 ouds (o) Kisgz oVlasl 5,50 50 Slalill ol a8 sbiul ol b ol
€55 )5y 0,50 UG-84 L illae 1T 51 5o b (MDMT) 56 >lb &l az o JBlas o g ol oa
o oad els s olael sl il sad o)lSbgx ezl 5wl B (551 Sl Sl 05, oad IS il
b 25 ft-lb (34 J) L .l Fig. UG-84.1
Qo0 Voo gl g aiiess Ay 4 by e SYlail o) 40 a5 ) g6 A&B (Category) aalb oYlasl (1)
WS oo o o2 41 ) b gl Cuslis b slaks a5 A&B (Category) aid o¥lasl o il oass 3,5s0),
20,8 5856 55 s b plases 0ils 311 o ) iy o5 b Ll 5 el 5y5 Culs
ol oael 5 9 o labsx (2)
I, Slile g wless 5ol g in. (10 mm);l kT (Leg) sl okl a5 (Fillet) ol asss cloiss> (-a)
UCS-67 5 UCS-56 ol 1 ooz 51 g Dlalete Jb o aSiul by pio S od Jood | Glaiz [l a5 aiSe Jog
Ohsz 50 G ke o5 aites lpdl el jo wiiS o e 1) (Glaiz b a5 Gilalats I jslaie agles eo gl 1,
aleis 59l slome wuo 0 YO 51 Jlail e
Sl sals Laseine [UW-20.2(c)] &1,51,L 0 (seal welds) o ol slaiss> (-b)
Sy3o A L anas b llan oIS sk by sl ond el 3 (D) 5 (-0) 5 o5 e izl (ool
2,8 JEMT L PT claoles]

UCS-68 DESIGN™ (1) Type 1 Category A and B joints, not including

{a) Welded joints shall comply with UW-2(b) when the
minimum design metal temperature is colder than -55°F
(-48°C), unless the coincident ratio defined in Figure
UCS-66.1 is less than 0.35.

{b) Welded joints shall be postweld heat treated in ac-
cordance with the requirements of UW-40 when required
by other rules of this Division. When the minimum design
metal temperature is colder than -55°F [-48°C), and the
coincident ratio defined in Figure UCS-66.1 is 0.35 or
greater, postweld heat treatment is required, except that
this requirement does not apply to the following welded
joints, in vessels or vessel parts fabricated of P-No. 1 ma-
terials that are impact tested at the MDMT or colder in ac-
cordance with UG-84. The minimum average energy
requirement for base metals and weldments shall be
25 ft-1b (34 ]) instead of the values shown in Figure
UG-84.1:

cone-to-cylinder junctions, which have been 100% radio-
graphed. Category A and B joints attaching sections of un-
equal thickness shall have a transition with a slope not
exceeding 3:1.

{2) the following welds:

{-a) fillet welds having leg dimensions not exceed-
ing ¥q in. {10 mm) attaching lightly loaded attachments,
provided the attachment material and the attachment
weld meet requirements of UC5-66 and UCS-67. "Lightly
loaded attachment,” for this application, is defined as an
attachment for which the stress in the attachment weld
does not exceed 25% of the allowable stress.

{-b) seal welds defined in UW-20.2(c).

All such welds as described in (-a) and (-b) shall be exam-
ined by magnetic particle or liquid penetrant examination
in accordance with Mandatory Appendix é or Mandatory
Appendix 8.

77 No provisions of this paragraph waive other requirements of this Division, such as UW-2(a), UW-2(d), UW-10, and
UCs-5é.

ASME Sec. VII-Div.1-2019-UCS-68 b olsj a5 ol pl3ll by Y5 s
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Table UCS-56-1
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 1

Minimum Holding Time at Normal Temperature for Nominal Thickness
Normal Holding [See UW-40()]
Temperature, °F (°C), Over 2 in. to 5 in.

Material Mini Up to 2 in. (50 mm) (50 mm to 125 mm) Over 5 in. (125 mm)

P-No.1 Gr.Nos. 1, 2,3 1,100 (595) 1 hr/in. (25 mm), 15 min 2 hr plus 15 min for each 2 hr plus 15 min for
minimum additional inch (25 mm) each additional inch

over 2 in. (50 mm) (25 mm) over 2 in.

(50 mm)

None
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Table UCS-56-2
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 3

Minimum Holding Time at Normal Temperature for Nominal Thickness
Normal Holding [See UW-40(f)]
Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm]) Over 5 in. (125 mm)
P-No. 3 Gr.Nos. 1, 2, 3 1,100 (595) 1 hr/in. (25 mm), 2 br plus 15 min for each 2 hr plus 15 min for
15 min minimum additional inch (25 mm) each additional inch
over 2 in. (50 mm) (25 mm) over 2 in.
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Table UCS-56-3
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 4

Minimum Holding Time at Normal Temperature for Nominal Thickness
Normal Holding [See UW-40(f)]
Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm]) Over 5 in. (125 mm)
P-No. 4 Gr. Nos. 1, 2 1,200 (650) 1 hr/in. (25 mm), 15 min 1 hr/in. (25 mm) 5 hr plus 15 min for
minimum each additional inch
(25 mm) over 5 in.
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Table UC5-56-4
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-Nos. 5A, 5B, and 5C

Minimum Holding Time at Normal Temperature for Nominal Thickness
Normal Holding [See UW-40(H)]
Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm) Over 5 in. (125 mm)
P-Nos. 54, 5B Gr.No. 1,and 1,250 (675) 1 hr/in. (25 mm), 15 min 1 hr/in. (25 mm) 5 hr plus 15 min for
5CGr. No. 1 minimum each additional inch
(25 mm) over 5 in.
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Table UCS-56-5
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 9A

Normal Holding Temperature, Minimum Holding Time at Normal Temperature
Material °F (°C), Minimum for Nominal Thickness [See UW-40(f)]

P-No. 9A Gr. No. 1 1,100 (595) 1 hr minimum, plus 15 min/in. (25 mm) for thickness
over 1in. (25 mm

P-N0.9A Gr. No. I Jb s 4 L e UCS-56-5 Jga :YYY g
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Table UCS-56-6
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 9B

Normal Holding Temperature, Minimum Holding Time at Normal Temperature
Material °F (°C), Minimum for Nominal Thickness [See UW-40(f)]

P-No. 9B Gr. No. 1 1,100 (595) 1 hr minimum, plus 15 min/in. (25 mm) for thickness
over 1 in. (25 mm)
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Table UCS-56-7
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 10A

Normal Holding Temperature, Minimum Holding Time at Normal Temperature
Material °F (°C), Minimum for Nominal Thickness [See UW-40(f)]

P-No. 10A Gr. No. 1 1,100 (595) 1 hr minimum, plus 15 min/in. (25 mm) for thickness
over 1in. (25 mm
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Table UCS-56-8
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 10B

Normal Holding Temperature, Minimum Holding Time at Normal Temperature
Material °F (°C), Minimum for Nominal Thickness [See UW-40(f)]

P-No. 10B Gr. No. 1 1,100 (595) 1 hr minimum, plus 15 min/in. (25 mm) for thickness
over 1in. (25 mm
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Table UCS-56-9
Postweld Heat Treatment Requirements for Carbon and Low Allay Steels — P-No. 10C

Normal Holding Temperature, Minimum Holding Time at Normal Temperature
Material °F (°C), Minimum for Nominal Thickness [See UW-40(f)]

P-No. 10C Gr. No. 1 1,000 (540) 1 hr minimum, plus 15 min/in. (25 mm) for thickness
over 1 in. (25 mm
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b ood ol 5 sl cos (PWHT) Lls; 25 - (C)

(Fillet) (sl 255 slediyr izmon § 33L5 ity yiaslea VW (V2100 1Ll o3l o (6L sleg sl —(1)
85 wiS o Jate 1y S &5 ladior 5 5 93b od srokeo VY (Vi) 1 iy (Throat) Ll slS ol a5
Olz W36 Gl 3550 a1 35 50 alols aSulyy by e wily god (rones 01) gl ¥ 51 ot Wil ooy plas (A5 1s ,Lad
Ol 4y Ble U wl owizmes g b Rl e (ST L aay culis wil oY (b Sl s wils
il ond o i 200°F (95°C)
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(Fillet) sl 255 slebsz comizmod 5 0bli iy shogkeo VW (210) 51l ol o 5o gz 55 ~(2)
i & 0t b cou a5 lial Jlail @l 5 cal 52aS b yiardes VY (Voin.) (Throat) sl slS olail a5
B ol yrankeotY (1/4000) 51 iy JLid Coi slim] Coslieds 45 (20,10 40 5 Wigd (oo 03 Iy S (LS s aS
il oad o Ky a3k 200°F (95°C) &)l > a0 Jila

il Calies 1 aSil s by ie 0l odd bz aiied Lid cov a5 izl 4 a5 (Stud) sle abe ol —(3)
il sids oKy 33k 200°F (95°C) ol > az s Jilas b ol ankeotY (1'7400.) 51 iy Lid o

L (Cladding) wiss oo 00l ogm 518wl (55, 6 @Y &jgm o5 (S9)55 4 pglie Gledis> 1y —(4)
(15 anxlpe UCL-34 GIS1L @) anles oo Jaio o2 0 1) (So,55 @ pslio lo 4 sloder o5 oo
b Ubsz aY sl ey S5 50 0yl abl srankeolY (1174000 51 ity Jlid o climl Caslinds [S1 Syl s g o
Qb oo p Ky b 200°F (95°C) o)l > ax o Jolos
50°F(28°C) jl 1S (55 &)l a2y b 800°F (425°C) s > 43 )0 15 53,5 o, ey aSais —(d)
Ol pogdle ol sod 5L 0,50 cdabad Cwalies (adkio YO) gl yo ol aiBo V0 SLol 510K ey sl el
Oley Al ot (6l Ol a0 JBlas 4 Cwlbrs il o dashd a5 Wles @ol 3 1) ol d eaisS adg S
w5l od 5L 350 vkl Cealins (rawkos YO) gl o o3l aids V0 _5Lal (5 ,lagS

Table UCS-56-10
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 10F

DELETED

ol 00 B> 4 P-NO. 10F 20 & Lgs e UCS-56-10 Jpus YTV g

F
Table UCS-56-11
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 15E
Maximum Holding Minimum Holding Time at Normal Temperature for Weld
Minimum Holding Temperature, °F (°C) Thickness (Nominal)
Temperature, °F (°C) [Note (3)] and
Material [Note (1)] and [Note (2)] [Note (4)] Up to 5 in. (125 mm) Over 5 in. (125 mm)
P-No. 15E Group 1,300 (705) 1,425 (775) 1 hr/in. (2 min/mm), 30 min 5 hr plus 15 min for each additional
No. 1 minimum inch (25 mm) over 5 in.
(125 mm)

P-No. 15E Gr. No. I Jb e 4 bgs e UCS-56-11 Jgo> :YYA jga5
(P-No. I5E Gr. No. | 4 by ) IS sleslosl
O C.;)\):- IRSELY g.:..\:- LgUb (FIIIS) oy Jl.a." 6‘)‘.’ FLY L;il]‘-i” QABLB.A 6L€’r“’9" 6‘)‘.’ (PWHT)@‘Q) uwg -(@)
b gl F og b gl ojlusl zSTas —(1)
2 M by o By SA Jlyie saanie & byye (oS e i) pasie o0 s Sl —(2)
Ails 0o, 0.15% ) i ool (Aiil ouls dgamme yiius (gl oals (astive lojlade
il ek ¥ (g in.) (FiNs) b o,y cowlies Slas—(3)
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b alg) o)lpes Cuslied Jolas 5l Gagz 5l Sl a4l a5 a8 ol Wb oasjle (s gz g, o )1 ) 3 —(4)
oled (od ol g
ol (Ko Sl Caaglie (5 Sg2 b adlss (35 salewg b 58 905 o JLail (5, K092 sl (551> Slidos —(b)
1Sl 4 by pie ol (o0
il oad cule, UCS-56(g) Sl,51,L ol —(1)
Qb 00,0 0.15% B b 55 )5 ok yiSTas—(2)
5L 5 mm o)lgs cuwlrs JSla>—(3)
Lpesslosly
ik 1,250°F (675°C). wb 5,l0e%s ax 0 JBlas b 0.5 in. (13 mm) ol b 568 e coml cusles [51—(1)
P No. 15E Gr. | saasin b Jb o o Goe> 368 Jle 1) (Dissimilar) slbes & slobs> 58 sl —(2)
3% ;l yS (Filler Metal) oaisS 5 508 50 05,5 lade 51 (IS5 sloo¥sd b ciciw] ( 20,8 pg,S o5 slaa¥s 4
b 1300°F (705°C) wb 5500055 &)l a0 JBlas ol ool L IS0 (Filler Metal) 510 asb oo o
as-lob b, I Filler Metal a8l oloowds 3JUT a5 048 oo 00 )0 Sloy YU )0 (6,105 sles jxSla>—(3)
b I8l ) e Al e 5yl ax o iSTas wil eseie aid, IS Filler Metal Lo 5JUT ST .0l
VIO e jI s 4l aop o 5l i b ply 5iKie ol S (1.0% < Ni + Mn < 1.5%) 51 -(a)
b 1450°F (790°C) b ul (PWHT) oloy s &l azjo iSTas abl jiaS sy
Ui Oyl am e wSTas il aoye ) lade 5l S 5K odle S5 (N1 + M < 1.0 %) 31 -(b)
.ol 1470°F (800°C) b il (PWHT) ols;
Jol sz 0 bl Jlaie 51 il (el Al 5o los )5 — 2] Pk ngal )9) gl Al &l az o
Slles ()& 4z 0 iSla> o gl Sldes o plnil 3l ol sl il (oo 53850 5 S5 (NI + Mn) ggene
DS ook 50 (A3 5 Al 550 Sl Slow ailaie o ) 2ls) s
w9 plwl 5 Slaladl Gl (Sl wdl eads 05 Sloxe &l az o Sl ity S 5l ot S1(4)
33,5 5eo3 g 5ella i Ioazme Wl s JS -(a)
3 i Jy 09 i Y (3) (8) cadg nj L Jga 50 (5SS &l 4z je iSTas 5l ol 4z S1-(b)
Dgd 6, 5> loumme g 098 0 Siw Wb Log> I8 o, 1470°F (800°C)
i oS (gl aml bl gl T oegdle 4 el o 5,8 1470°F (800°C) 5l sy a5 jupos ) o —(©)
23,5 3l aSOl L 00 5 i g judlo 5 Ioasee g ool aile Wl Canl oall 6,5
SYgaxe b g SA-335-P 3 SA-213-T9 Jlw lgie 4) Gr.9 JU s jle (i wojlasl a4 Wb jlxe 2as -(d)
Yo o sle e 51 i 4 jea 5l i o] 45l bog e 4l >l &)l 4300 5 (Jolee o s b
23,5 Sl Sldas Yb 0 00l (asin (godgdoe 4o Ioaze Col o0 343
ASME Sec. VIII-Div.1-2019-UCS-56.1 Jso>—m
ooy UCS-56.11 sillas pilss o o 5o o 55 o3l @ Lo Lial3il g sl SUjlas blucsl a8 plals o
w2 iols |, Holding Temperature sbs ¢ iol33! 1, Holding Time
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Table UCS-56.1

Alternative Postweld Heat Treatment GENERAL NOTE: Applicable only when permitted in
Requirements for Carbon and Low Alloy Tables UCS-56-1 through UCS-56-11.
Steels NOTES:
Decrease in (1) Minimum holding time for 1 in. (25 mm) thick-

ness or less. Add 15 min per inch (25 mm) of
thickness for thicknesses greater than 1 in.
(25 mm).

(2) These lower postweld heat treatment tempera-

Temperature Below Minimum Holding
Minimum Specified Time [Note (1)] at
Temperature, Decreased

°F (°C) Temperature, hr Notes .
tures permitted only for P-No. 1 Gr. Nos. 1 and
50 (28) 2 2 materials.
100 (56) 4
150 (83) 10 (2)
200 (111) 20 (2)

UCS-56.1 bl 5 oo 0959 blusl cosgame a5 !, o Holding Temperature slos _zals :YY4 5505
Qb oas alis jle UCS-56-1~11 sla Jsoz 10 45 0,18 0,15 Sloj Jadd (Jga ol (led) : S cslosly
Lpoilooly

el Sl g aslal cwls zul o Glil 4 peS L 1 in. (25 mm) cwlxs lp o)l by JBlas —(1)
S a8lol 428 VO (5, loj) Cuoles

el jlxe P-No. 1 Gr. Nos. 1 and 2 slo JL e gl Laid 5 0l slales ol —(2)
oS = oAl 6 ol - m

Fe-C Phase Diagram

2750°F ' ..
| Liquid
I :
IAustenite
(FCO) Solid

Upper Transformation (A3)

'

- 1650°F

Temperature

Magnetic Transformation (A2)

Lower Transformation (A1)

Alpha Iron

(BCC) Ferrite + Carbide

|
|
1
1
1
I
I
1
; 1
370C = 1350°
732°Cc = 1350°F i w,
|
1
1
|
|
1
I
|

Fe,C
03 0.8 2% % Carbon -

oS = ool B al b YF e o
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ASME Sec. VIII-Div.1-2019-UHA-32 &l 51,L - m

03y o aS(WPS) (5,8s5> sledg, s PQR IS ol slemdlae 5 Slalill Sz o )56 51 L3 — (a)
L (PWHT) Jls; a5 bul,s abes 5l ASME Section IX o skl (wlol (sl juiite b gillan oyl 0 sinlys
5 L8 o (jloe ledisr oS s el wialss g 0 a5 alemsgaze ple Geizes 5 by (i sl pos
50 0 ;S8 sla odgame (50,55 jlre e alex 5l UW-40(F) L Gollas Ll ool Calies aSiy dosl <l
slo Jgaz ;0 0o asuin Jlabe 5l jeS a5 ol ax 0 50 Wb sl jebs UHA-32-1~7 slo Jeox sleislosl
5 cwlbo b a8 slo by o)\ Kae> by 4o 0,5 (PWHT) Lls; 25 sl o UHA-32-1~7
PNo. 7 3P NO. 6 slo Juye 55552 b (EBW) 5 250 (sandl 5 Sty w3 abowgy iockeo ¥ (gin.)
QW-422 Jga> ;o 00 53 sla P No. bl » UHA-32-1~7 Jso> slo JU yio ol oos jlme UHA-32
A3l ooy e UHA-32 Joom imen ¢ ASME Sec. IX o lailea!

) conl oo 08,9l UHA-32-1~7 Jgaz j0 a5 Sles JBlas 5l jiin 6K ploy b g &yl a0 (6,105 — (b)
sk UHA-32-1~7 Jgam ;0 eals (asein Oyl a5 10 6,55 le) a5 s 63k 0905 eoliiwl ol o
2 SYsb Sae a (185 15 a8l ol S w6 Slsle Sl sl asgerme Wl o0 Ol (nl aS 23l pglas
[(UHA-104) a4 05 o5 058 L 51 LSad el sl (Son (0185 (25 &)l a0

S Oyl az s w5l aS Jbye slp Wl sleslasl, g UCS-56-1~11 L UHA-32-1~7 slo Jgox
0ol g ditwd Hlid Cou a5 ol 4 st Hlad cog a5 Slinl (oBs 0ed el ol s iy (PWHT) Ll
] slaoYgd 4 o8 slao¥es By g S Wb Hled cou sl (PWHT) oloy (55 &)l a0 aigd
S hes e 5 il (DUPIEX) il - o5 (s las¥ b wol o i S 05 05 5
5,5 51,8 Sl sals 00ls 5 UHA-105 o a5 43551 (Solution heat treatment) Il

54 plosl UCS-56(d) wlall b gillae UW-40 o oo a1l slovg, 51 (S abewss 2ol (PWHT) s s —(d)
ol 45,5 15 ol 5,50 UHA-32-1~7 Jour (sleiblosl b llao a5 (63 lge sliital

Sl pans 1o b Wil eas (PWHT) olo; a5 BIS1LL ol Sloldl b gollas a5 Ll 51 ol b o3l —(€)
53,5 (PWHT) lsj o5 Toazme 5 Kiign

Table UHA-32-1
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 6

Normal Holding Minimum Holding Time at Normal Temperature for Nominal Thickness [See UHA-32(d)}]

Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) {50 mm to 125 mm) Over 5 in. (125 mm)
P-No. 6 Gr. Nos. 1,2, 3 1,400 (760) 1 hr/in. (25 mm), 15 min 2 hr plus 15 min for each additional 2 hr plus 15 min for each

minimum inch (25 mm) over 2 in. (50 mm)  additional inch (25 mm) over
2 in. (50 mm

P-No. 6 Gr. Nos. 1; 2,3 JU s 4 by e UHA-32-1 Jgo> YTV a3
:P-No.6 Gr. Nos. 1, 2,3 L e 4 b e slilosl
as SA-479 4 SA-268, SA-240, SA-182 Gr. F6a slasYgs 10 410 g5 Jb e 5l ooy axslos 3l —(a)

b S p,S o] gz 50 a8 0l onds 6, Shgm oog Sl b g aylaii 55l 0oy 0.08% 51 st oye,S lois



ASME, API, AWS, ASTM & IPS... s luitiw! 51 53,18 IS
134

aSsl p bgyie « (Non-Air-Hardenable) osi cob Couw o 10 g 05 oo oadg al-pg,S - IS5 hg> 38
Ve (AN 1 ey slesels ly 5 g wlet jele tenlee Ve (VAINL) 51 Gasr Jlasl Sy (359 s
iz e 53 450°F (230°C) &)l az o b p Sy glos aSiyl s by ios sranles YA (1'400.) b jieres
03,15 (PWHT) il (a5 4y ks wiin,§ 3L5 g0l JolS jshay o plonil coWlail 5 o5 axils a5

355 ool UCS-56(€) 5 UW-40 |, 3llae 0.l (PWHT) ols; is —(b)

Table UHA-32-2
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 7

Normal Holding Minimum Holding Time at Normal Temperature for Nominal Thickness [See UHA-32(d)]

Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm) Over 5 in. (125 mm)

P-No. 7 Gr. Nos. 1,2 1,350 (730) 1 hr/in. (25 mm), 15 min 2 hr plus 15 min for each additional 2 hr plus 15 min for each
minimum inch (25 mm) over 2 in. (50 mm)  additional inch (25 mm) over
2 in. (50 mm

P-No.7 Gr. Nos. 1; 2 JL e a4 bg o UHA-32-2 Joo> YFY g

(P-No.7 Gr. Nos. 1,2 L yie &y by o) IS slezislosl
25 SA-268, SA-240 clasYss ;54108 | 5405 g5 SA-1010 UNS S41003 U o 5l e aislos )5l —()
Aol JSimpe,S (sl Gz 5 a8 Wl o (6,05 aleog 2SI L 5 waleid Sl auoys +Te A Sl LT (08 lade
Cualdus 4! by i « (Non-Air-Hardenable) ogd  ood Cown Iga 10 5 0iS o olgi sdlpg,S - S5 o>
b yerkeo Ve (%5IN) 51 i sloialies (sl 55 5 wles 35w ianlee Vo (FA10.) Sl (s Jlasl Joxe 50 55
il 455 g s e 0 450°F (230°C) &l azyo b p Sy glod 4yl s bgpie yiankeotA (1'/5i0.)
A5, (PWHT) oo i a5k ess,5 (3,5 g0l, JolS ek oo alomil ¥Llasl g 0
Bl 50,5 8y &ty a5 bl (ol b 04 sl UCS-56(€) 3 UW-40 L golao 0L (PWHT) ls; 25 —(b)
b 53,5 o Sy ol 5l e g 0L 100°F (56°C) /hr. jisla> 1200°F (650 °C) 51 5L govgae o
sl 6 ySala 60,5 51 b aly g L3S o3l
aslo L SA-479 4 SA-268 L Grade TP XM-8 slas¥gs 5l oois ezl 5 (PWHT) ls; 25 —(C)
b o5 Y SA-268 3 SA-240 L TP 18Cr-2Mo (slao¥ss 5l o

Table UHA-32-3
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 8

Normal Holding Minimum Holding Time at Normal Temperature for Nominal Thickness [See UHA-32(d)]

Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm) Over 5 in. (125 mm)

P-No. 8 Gr.Nos. 1,2, 3,4

GENERAL NOTE: Postweld heat treatment is neither required nor prohibited for joints between austenitic stainless steels of the P-No. 8
group. See Nonmandatory Appendix UHA-A.

P-No.8 Gr. Nos. 1; 2, 3,4 L e 4 by o UHA-32-3 Jou YFY o
(P-No.8 Gr. Nos.1,2,3 & 4 JL o a5 b o) S sloxilosl
@ ol 00l g @5 g el p3Y G P-NO.8 L ol (5 K55 sloa¥ed yle oYLasl sl s (PWHT) olo; s
Ales axxl s UHA-108 5 UHA-100 s HA ,5,o ¢ Appendix
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Table UHA-32-4
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 10H

Normal Holding Minimum Holding Time at Normal Temperature for Nominal Thickness [See UHA-32(d)]

Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm) Over 5 in. (125 mm)
P-No. 10H Gr. No. 1

P-No.10H Gr. No. 1 Jb e & by ,e UHA-32-4 Jgam YFF s

(P-No.10H Gr. No. I J e 4 by o) S slpislosl
U5 el 00 03,91 5,0 a5 (Duplex) o5Bgs (Sisu, b u,8 - cuiiw] osds LIS o5 S5 sleo¥es lp
el 5 Cand ailed sl 050 pll 5> Sldes azlinz Jy ol 00l e 4 g ol 23Y & (PWHT) s

00,5 8 pus Loy por 550 (Sl g b g 090 gidsS ole o p0 bl 50 5 955

Alloy Postweld Heat Treatment Temperature, °F (°C)

193345 2,050 min. (1120 min.)
193380 2,010 min. (1100 min)
$31200, $31803, and 532550 1,900 min. (1040 min.)
$31260 1,870-2,010 (1 020-1 100)
$31500 1,785-1,875 (975-1025)
32101 1,870 min. (1020 min))
$32202 1,800-1,975 (980-1080)
$32205 1,870-2,010 (1 020-1 100)
$32304 1,800 min. (980 min.)
$32750 1,880-2,060 (1 025-1 125)
532760 2,010-2,085 (1 100-1 140)
$32900 (0.08 max. C) 1,725-1,775 (940-970)
$32950 1,825-1,875 (995-1 025)
$39274 1,925-2,100 (1 050-1 150)

Table UHA-32-5
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 101

Normal Holding Minimum Holding Time at Normal Temperature for Nominal Thickness [See UHA-32(d)]

Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm) Over 5 in. (125 mm)

P-No. 101 Gr. No. 1 1,350 (730) 1 hr/in. (25 mm]), 15 min 1 hr/in. (25 mm) 1 br/in. (25 mm)
minimum

P-No.10I Gr. No. 1 Jb e 4 by e UHA-32-5 Joom Y7 0ms

(P-No.10I Gr. No. I JL yie &y by o) S (slezislosl
sl 0l b ogd aloml sl sus ools 7,5 UCS-56(€) s UW-40 ;0 a5 5451 0L (PWHT) s 25 —(a)
15 e g 0L 100°F (56°C) /hr Sl 4 1200°F (650 °C) 51 YL (soogame 18 Sl (50,5 0 paw s pun 45
Wlos 6 S el (60,5 51U Al &y BB sojlasl 4 Wl (105 8 5 sy
sl 00 e 5 3 Cansl p3Y & 52aS g manlea VY (UodN) sl sl ol (PWHT) Ll s —(b)
& a5 el ol b oo ,S Jleel ab lo 09,5 o8 5 55 slo¥ed glp ouis ;53 )l,he S44635 5UT 6l —(C)
sl 5 Stz b ol S ) ser (PWHT) olog 25 51 ool 0 e 5 515 55 (PWHT) oo 25 &
sbe 5y b ol s 4 g 0gi plxl 1850°F (1010°C) Jslam &yl> ampo 50 wb Slles ool g
B3,5 3 s l;u).w 800°F(430°C)
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Table UHA-32-6
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 10K

Normal Holding Minimum Holding Time at Normal Temperature for Nominal Thickness [See UHA-32(d)]

Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm) Over 5 in. (125 mm)

P-No. 10K Gr.No. 1

P-No.10K Gr. No. I Jb e 4 bg o UHA-32-6 Jgo> YTV 405
sa¥sd gly ool S5 &l he S44660 5LUT sl (P-No. 10K Gr. No. 1 U e a5 bgyjpe) S5 caslosl
Sl oads goe 5 g oyl 5L (PWHT) oloj (25 4 a5 a5 sl 0l b oo ,S Jlael ol o 59,5 08 o5 55
1,500°F to 1,950°F Jsla> &)l > a0 10wl Sldes (pl ol plxil (6, Siex b pole USG5l o oloy o
28,5 3 by T JLos & 5 39 alsil (816°C to 1 066°C)

Table UHA-32-7
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 45

Normal Holding Minimum Holding Time at Normal Temperature for Nominal Thickness [See UHA-3Z(d)]

Temperature, °F (°C), Over 2 in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm}) Over 5 in. (125 mm)

P-No. 45

GENERAL NOTE: Postweld heat treatment is neither required nor prohibited for joints between austenitic stainless steels of the P-No. 45
group, but any heat treatment applied shall be performed as listed below and followed by liquid quenching or rapid cooling by other means:
Alloy Postweld Heat Treatment Temperature, °F (°C)

531266 2,085-2,318 (1 140-1170)

P-N0.45 b e & bg e UHA-32-7 Jsam YA g
Op 5 sleoYgs ol wYlail gl (PWHT) by s+ (P-N04S b e @ bgp) S cuslosl
25 Comad Ao sl 048 el Sl Sldes azmibis Jg Conl ool o &5 g Sl ¥ 4 P-N0.45 L o]
3555 5 pos Lo s 505 (sl s b 5 058 gsS lo S 53 bl 53 5 05 plox
ASME Sec. VIII-Div.1-2019-UHA-44 &1 51, - m
(8555 Jlye S8 s Sy el 5l g (PWHT) (55> Sldoe 40 gy o L3
Wigd 00 )5 5 bl (el coesl ool (UHA-40) 50 (pols S 6l a5 IS Layly 5 05dle (a)
5 0w 5l ale Cund CEle gl g sek py SLILL yo ol SO led o Sl :UHA-40 G310 sesese
a0 bgye S Syl b bLo)| 5 il g g, oo IS 0l onds aislo 5T,y sle o¥sh 5l a5 [Lid cow )il
@ bg,e a5 (Subsection B) cuud o colo 4 by ol byl 55 9 (Subsection A) cwd o csle
S 58 eolaiul 5550 WOl (o0 Sl Sleds,
45 lid o lalad 4y gy po 0 001 o5 (gl Ceand s 03 o 5 ooliul 50 ) danlp azsliz —(1)
Vo b gl aids Yo Soey Table UHA-44 Jsaz o o ools glales ;o Wl ond aislo il (slo 5UIT 5|
Hgds O g gy s 9 Nigd 1 Slikae (Il Sl gy a4 Sl 115550 a5 0S50 gl 4k B
s ool Table UHA-44 Jgor o ons 03l 5y, Slilas slos Jilas 5 j2aS ol o0 U5 (glos —(-)
UHA-44 Jgo> ;0 oo osls oylis slalaie 51 yuias ool JSo 51 b (16,5 jlade g 38 >k sles ~(-b)
el

D¢ cras Table UG-79-1 Jgaz ;0 sais eols galolas gabwg cowsl ols S 51 b 25,5 —(2)
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03,5 dwlre ol oa eols yLas YU jo a5 (@) o Luls b gllae Gy ces ols JSKb 51 Bb (25,5 S8 (b)
sy 42 45 S sl ) Sliles syl gt |y ols K 51 36 25,5 251 05 o ls Sudst ol
Jgax b gllae sl (25,5 Jlake 8,85 JJa5 jo oy Swsl gl oo 4>l Flares, Swages, or Upsets
5,5 el=l Table UG-79-1

Table UHA-44 : s slpzslssl
sl SIS L (59,5 Slakad il ooy sl o 55 5l a5 (gl wlgiwl Slakad b gy o 0o ool ylis sla Cudgams (@)
Sl (o0 0des sla dg) 5 0gd g Wil oad xSl (39 5l 45 xie
dwlie ol oo o0ls Las YU yo a5 UHA-44(a) o bl i b sallae Silgs cad opols IS 51 b (25,5 28 (b)
[owo |, UHA-44(b)] .ol Jgoz opl 5o sas eols lis slalade chai b (20 JSb (25,5 Jlade 0,5
Lpsslosly

Al ge el S8 e Codgaze 2l (5> Sldes gleo 5l ol 0w 5 (1)

Sldas glos liae a5 00,5 o Slpiiy il ool asine Syl Sldes sbles Jilos oS Sye0 0 —(2)
250°F (140°C) Jsla=> 4, (347, 347H, 347LN, 348, and 348H) !, ;5 5 5L 150°F (85°C) 4 |~
TWIRTRE

09> Cewl 3.5 10, (88 mm) l yieS Ll = )15 s aS o gl g b Ggd ool s gl Cudgaze opl —(3)
sl 0 20%

Table UHA-44
Postfabrication Strain Limits and Required Heat Treatment

Limitations in Lower Temperature Range Limitations in Higher

Minimum Heat-Treatment
For Design Temperature, °F (°C) Temperature Range Temperature, °F (°C), When
For Design Design Temperature and
And Forming | Temperature, And Forming Forming Strain Limits Are
UNS But Less Than or Strains “F (*C), Strains Exceeded [Note (1)] and
Grade Number Exceeding Equal to Exceeding % | Exceeding  Exceeding, % [Note (2))
201-1  S20100 All All All All All 1,950 (1 065)
heads
201-1  S20100 all All All 4 All 4 1,950 (1 065)
others
201-2  S20100 All All All 1,950 (1 065)
heads
201-2  S20100 all All All All 1,950 (1 065)
others
201LN  S20153 All All All 1,950 (1 065)
heads
201LN  S20153 all All All All 1,950 (1 065)
others
204 $20400 All All All 1,950 (1 065)
heads
204 520400 all All All All 1,950 (1 065)
others

$30400 1,075 (580) 1,250 (675) 1,250 (675) 1,900 (1 040)
$30409 1,075 (580) 1,250 (675) 1,250 (675) 1,900 (1 040)
$30403 1,075 (580) 1,250 (675) 1,250 (675) 1,900 (1 040)
530451 1,075 (580) 1,250 (675) 1,250 (675) 1,900 (1 040)
$30908 1,075 (580) 1,250 (675) 1,250 (675) 2,000 (1 095)
$31009 1,075 (580) 1,250 (675) 1,250 (675) 2,000 (1 095)
$31008 1,075 (580) 1,250 (675) 1,250 (675) 2,000 (1 095)
$31600 1,075 (580) 1,250 (675) 1,250 (675) 1,900 (1 040)
$31609 1,075 (580) 1,250 (675) 1,250 (675) 1,900 (1 040)
$31651 1,075 (580) 1,250 (675) 1,250 (675) 1,900 (1 040)
$32100 1,000 (540) 1,250 (675) |15 Note (3)] | 1,250 (675) 1,900 (1 040)
$32109 1,000 (540) 1,250 (675) | 15 Note (3)] | 1,250 (675) 2,000 (1 095)
$34700 1,000 (540) 1,250 (675) 15 1,250 (675) 1,900 (1 040)
$34709 1,000 (540) 1,250 (675) 15 1,250 (675) 2,000 (1 095)
$34751 1,000 (540) 1,250 (675) 15 1,250 (675) 1,900 (1 040)
$34800 1,000 (540) 1,250 (675) 15 1,250 (675) 1,900 (1 040)
$34809 1,000 (540) 1,250 (675) 15 1,250 (675) 2,000 (1 095)
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PWHT G615 6 Jloges YOV pguas
Heating Rate - m
Wl Gisbe,S Fp5 ol i 425°C 5l L aSST 5 ey (PWHT) olo; 25 bl pKie UCS-56(d)(2) b

Oinle S 75wl flgie e 4 Bl ogd mul 4 SIS L oy cwbs iSlas 5 222°C/h s Jool> 51 i
8¢5 222°C/h ) i

UCS-56 REQUIREMENTS FOR POSTWELD HEAT
TREATMENT

(d) (2) Above 800°F (425°C), the rate '°of heating shall
be not more than 400°F/hr (222°C/h) 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/h).

However, in all cases consideration of closed chambers and complex
structures may indicate reduced rates of heating and cooling to avoid
structural damage due to excessive thermal gradients.

UCS-56 (d) (2)-2019 sbo jiole S 75 YOV g
3y oobos 8 Jl ol b 0l b 5 100°F(56°C) 51 5205 53,5 000 5 595 5 6l 45 o 35+ tsh )
5 0355 £ ke odnaz o slo alaioe 5 ouzn Sl ojlu 4 v 5l e (Sl et ) (8L Sless Sl e 6
(Sl S b 5955 3
Cooling Rate - m

b wos cwbes Sl 5 280°C/h puss Jool> 5l i wls Gioleyw #5 425°C 51 Y0 sles 4o (uizmed
295 280°C/3) yitn Ginlojw 55 Wl plgie g 4 Bl g gl 4 (SIS
oads &yl gloy is GBI ey - W

g CBS OIS a4y gl s 8IS G et s b s Sloy a5 8IS
el oloy i oldes (Local) aoge &gy a5 239 wizmed o (Furnace) ols; i slo 0,55 ,0 —())
Rate sl cpumen ol YU 4 ol Kol asy0 Yoo gles 51 Jyu8 L8 Heating Rate clos g o
Dg O g 00 J S b az 0 Yoo 5l LB L Lol 09 0 ol glgp 10 Wil 0 4z 0 Yo+ 5l aw Cooling
ot S G5 s oIS B L o o ledygSga i S5 Sl et S5y Ko b Bsye 2 LS 5, —(1)
bs
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UCS-56 REQUIREMENTS FOR POSTWELD HEAT
TREATMENT

(d) (5) Above 800°F (425°C), cooling shall be done in a
closed furnace or cooling chamber at a rate’® not greater
than 500°F/hr (280°C/h) divided by the maximum metal
thickness of the shell or head plate in inches, but in no
case more than 500°F/hr (280°C/h). From 800°F
(425°C) the vessel may be cooled in still air.

UCS-56 (d) (5)-2019 sl iole o &5 YOV pguas
gl S cdw sl Cooling. Holding, Heating oo coxsg 4w ,o oyl g Lo —(V)
Dgd aseie ol il SIS g9, p 2l L olKiws Ce s —(F)
il (Spec) o5g, (8 Slasin b glhe sl bl sS g0 5 olows —(0)
AWS D10.10 s lasbes! gllas s S g0,5 slows — W
AWS D10.10/D1010M:1999 (R2009)
Recommended Practices for Local Heating of Welds in Piping and Tubing

Table 9
Recommended Number of Control Zones and Thermocouple Locations
for PWHT of Piping in the Horizontal Position

Piping Size (NPS) Recommended Number of Control Zones and Thermocouple Locations

Upto6 One zone, with control thermocouple at 12:00

Sandupto 12 Two zones, with control thermocouples at 12:00 and 6:00

14 and up to 18 Three zones, with control thermocouples at 11:00, 1:00, and 6:00

20 and up to 30 Four zones, with control thermocouples at 12:00, 3:00, 6:00, and 9:00

Over 30 Number of control zones and associated thermocouples as required by circumferential spacing of heaters

Note: Control thermocouples should be placed at the location of highest expected temperature to help avoid exceeding the maximum allowed temperature.
AWS D10.10 s ,luibis! ilhae b L35S 50,5 olass YOF ;g

sg.ébf J).,..S 80978

A_wl.s W g l) 9 ¥. 9 Yo Jj‘m dLQ-A;).N f)!jw 09..» ua.?u.wo (5"‘5) k)‘“'"’ oK d‘; =) CE pw A.:L’ ‘M‘ L)

g o0 ey SIS Jado B0 o b g T 5 VO Sl jo 10 a5 Ojg0
Bgd C8s Col BIS S 4y by e a5 YOO pgas & Heating Rate glos JyuS s oy sl
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oy
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a5l o Heating Rate saculxe sais b wiile lids Cooling Rate sl sy b
o oy 4y Yoo 8l st ogee a3 ool Cooling Rate i gom a0 g9, Joe a5 d alais |
a0 YY+ db Lz o)l calols YOV poad Gub o oS a8 b gabais o 1) ax 0 Vor sloo 88l b3 b oS
be Lz o) (salols 5 oS (oo ) a3 (€ (sabaii) H55 5500 55505 25 > (Ll Uome B D (gablaii 5l (> o
s o2l b 5 pesls dbe apslill 5 clie S, YOV 58 Bk Cond jiorkis ¥ 4 oS o S ol
S9>ge dlael & axg b bxi) ;o 0S5 o awl=e |, Cooling Rate 5. [(db/be) x Equipment Speed]
95,5 oo Jols sl j2 (gl az 0 15Y Lo
255 Saley b aloy 5 SIS s plSn &5 (60 )l0 -~ W

sga> Holding Time cwod jo 1) hsS 05 oo sl Sl ASME Section VIII Div. 1 s jlasteal o
15 el sl 4z o AY 51 iy G 0l Led (8wl 5 Led o3 VU Uyt sty ool 05,5 aseiis 4,0 AY
ol oas 08 UCS-56-(d)(3) <151,

UCS-56 REQUIREMENTS FOR POSTWELD HEAT
TREATMENT
(d) (3) The vessel or vessel part shall be held at or above
the temperature specified in Tables UCS-56-1 through
UCS-56-11 or Table UCS-56.1 for the period of time speci-

fied in the Tables. During the holding period, there shall
not be a greater difference than 150°F (83°C) between
the highest and lowest temperature throughout the por-
tion of the vessel being heated, except where the range
is further limited in Tables UCS-56-1 through UCS-56-11.

2l s BLS G, Holding Time (s )l oloj 5o Lo s 2STas :YOA pguas
sl 00y ateia 4>y o 2Slas M3 cpl il TOTAL 5 8 Lawgs oud a8l)) 039 (o5 Slaseine o bl

During the holding period (time at PWHT temperature) the difference between temperature readings of
any two thermocouples shall not exceed 40°C. No thermocouple reading may exceed the temperature
range specified on the WPS used to weld the joint.

TOTAL Spec ,s Holding Time (s ,lagS oloj yo Lo s 2Slas> YO gl
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511 PROCEDURE WHEN PWHT CYCLE FalLS

5.11.3 INCIDENT DURING COOLING PERIOD
During the cooling cycle, i.e. above 300°C any equipment failure which led to the
failure of maintaining the cooling rate at the prescribed rate, the whole PWHT process

shall be restarled. The original chart shall be attached to the new chart and the report
shall record the full details of the incident.

Wl Eni 8 5 (Spec) ofgp (o8 Slasin ;0 BLS o 09010 ggo90 VY s guas

toy O s pB 4 dol> 5.11.3 G131, e 3
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w9 ool Cillas o5 baylpd 90 b (s s Sl g (PWHT) o) (25 comdg 05 ol
) byl o
mal 3l 525 Ll 4 Ly D pand 5l ey 2020 (PWHT) ol 25
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360 ASME Sec. VIII-Div. 1- Para. UCS 56-Para. f (2) sl 51,L ;0

Bl god ool 5 dal i 4 Lo Ol pens ) o aze (PWHT) Slo; a5
(om u‘""ﬁ)'“’) ..\.M.:Ls ol ‘el.'?u‘ U9 &5; u‘"L"‘J)" (PWHT)@L)) &J’“‘“" di._;)}o)é —(‘)



ASME, APL, AWS, ASTM & IPS... bl )i 53,15 oIS
YA

Gedgame | iy Ol e Gos Egeze 5 Abl oo plmil Cwlis wluly (PWHT) Jls; i aSs 50,0 —(Y)
ks ASME Sec. VIII UCS 56 Para. £(2) G1,51,L 10 ood (s Cwles

1.-"\5'1111111

55mm

]Z’mmll

ASME Sec VIII UCS 56 Para. f (2) s> wsue Blocl ggome YEF hga

s el s IS ez b 55 5l s cadd PNOLT ol 5 conl yionkoo B0 38 Coslies 008 s YFF o ay
(PWHT) oloj (a5 a0 5Li yoons 5l G G2 cnl 4z )0 el jiacdia YV 5l 90 50 e Gos ggomme (92
ol 009y Cales yliae Lais T (PWHT) Slo; ias Jdo ez 0,105 saze
545 sl Temper Bead Welding yog, (wlol p o5 Slles —(¥)
Para. UCS 56- {(4)(c) L sl Temper Bead Welding o - m

(PWHT) ls; (25 o5 b glae 5 sl P NO-1 & P NO-3 5T Jb e a5 3k he> Ol paess asslis
ootd 5 g 090 5yl Sldes (350l Wiy o Temper Bead Welding oo il ool plil Ll (6l
o 1,8 eoliiul 0,50 Temper Bead Welding a5 assliz> ail oos sozme (PWHT) Jls) 25 4 (o5l
el aley oy lulpd Gl 0 S
3L 450°F (230°C) Lewl (o sboo yiSTas 9 350°F (175°C) p Kics slos Jolo> - *
a8 b 5 2SI 51 anliiul b (39 pasd Cosl 1,8 a5 (g ailaie) i o y50 4 o olad g5, Wb s> Jsl s 4y —*
WY sl AL 5 ) Siw b Y opl cwbrs Gras Lo, gom gle Y o, 5l L3 5 098 ools Shex ewkis du
Syl 5l Al Bblie 5 LS Sledez o5 05 (o )05z 5pb yrenks oz ShaB Shas 09 2SI b sam sla
a4 S5 g kel YL L a5 05l (oo Jlesl 59k 00l pend axl (55 (2l Y 35 et (S Sletiex
adliie ()5 jeod Sln Geizren 9 B Gledsr 95 e slp L A cpl Bl b 8 6o, Jg w8l Ledsx
Db oo Wl ol Sl Sl
oS ool K05 bs,y 6l 4 sy < 5l peblas a5 Sgiie solinul gle o in lieu of o le 5l

il WPS ool crns (s00905w ;0 b (Heat Input) soss ool o)l — 3

29 5,105 400°F - 500°F (205°C - 260°C)  sloo 10 (g pmons Lig o5 K9z 5l o el jlo b 32
D9 gk L8 o (55 )3k Jawgd b (6 e (e -

oo sy § 05 oolizul (Low-Hydrogen) (55,0 o5 glosg 2SIl 51 5 sl SMAW sl (o) (Kisgzr amgy —¢
bl By 0958l (5500 bl ez ST b Sbs> (Bead)

o2 5ol Gl S L oad esd gaml B ogd oo il (55 S (s, b ez (Slol sltend (LG o -

el 0als 0ols lis Ol peni (] Jol e dm (gazman )0 04l



ASME, API, AWS, ASTM & IPS... sl bl 51 68 1,5 oIS

UCS-56 REQUIREMENTS FOR POSTWELD HEAT

TREATMENT

(f) (4) In addition to the requirements of Section IX for
qualification of Welding Procedure Specifications for
groove welds, the following requirements shall apply:

(-c) For P-No. 3 Group Nos. 1, 2, and 3 materials,
the repair weld method shall be limited to the half bead
weld repair and weld temper bead reinforcement techni-
que. The repair area shall be preheated and maintained at
a minimum temperature of 350°F (175°C) during weld-
ing. The maximum interpass temperature shall be 450°F
(230°C). The initial layer of weld metal shall be deposited
over the entire area using %g in. (3 mm) maximum dia-
meter electrodes. Approximately one-half the thickness
of this layer shall be removed by grinding before deposit-

ing subsequent layers. The subsequent weld layers shall
be deposited using 35, in. (4 mm) maximum diameter
electrodes in such a manner as to assure tempering of
the prior weld beads and their heat affected zones. A final
temper bead weld shall be applied to a level above the
surface being repaired without contacting the base mate-
rial but close enough to the edge of the underlying weld
bead to assure tempering of the base material heat af-
fected zone. After completing all welding, the repair area
shall be maintained at a temperature of 400°F to 500°F
(205°C to 260°C) for a minimum period of 4 hr. The final
temper bead reinforcement layer shall be removed sub-
stantially flush with the surface of the base material.

Temper Bead Welding ¢ ,Kag> o, VPO pguas

oS o SS9z yraglee VIV SlaB 05 iSUI L | jeasd sailaio o plos Jsl ¥ 2 ) alo e
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(PWHT) Jls; 25 4 3ks aslb UCS 56 GISIL o 0l utd Culbed gogamma ;0 pand 45,50,
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UCS-56 REQUIREMENTS FOR POSTWELD HEAT
TREATMENT

(f) (4) (-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-5.1, Annex A,
A6.11; and SFA-5.5, Annex A, A6.12. The maximum bead
width shall be four times the electrode core diameter.

UCS-56 (f) (4) (a) sbo oo a5 jlom (s pmens Lbg> Bead jiSlos VPV g
s w5 b s o UT L1, Defect o e ials jglae 4 ol YU dndad Colses 45 (60,lge 40 1SS
wals aslsl

ASME B31.3 Process Piping-2016 s ylastiw! yo (PWHT) glsj siss - 1t

SS9z Sl 0 a5 ()l w5 Gleadt 5 D)l a0 Lk Sl oS @) sl Sl Sldes 1185 iS5l Saa
ooliitul 8590 38 Gols IS L 5 6,1 o3 Sldes 3155 0l sloml wlowny sleiiss 3bw S5l imren 5 Wl (o0 35252
B yS ool

&l oldes : (HEAT TREATMENT) 331 &81,51,L —sesese
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331 HEAT TREATMENT
331.1 General

331.1.1 Postweld Heat Treatment Requirements
(a) PWHT shall be in accordance with the material (b) The PWHT to be used after production welding
groupings (P-Nos. and Group Nos.) and ranges in shall be specified in the WPS and shall be used in qualify-

Table 331.1.1 except as provided in Table 331.1.2 and ing the welding procedure.

Table 331.1.3. The P-Numbers and Group Numbers are (¢) The engineering design shall specify the examina-
defined in ASME BPV Code, Section IX, tion and/or other production quality control (not less
Table QW /QB-422. (Note that the P-Nos. are also listed than the requirements of this Code) to ensure that the
in Appendix A.) final welds are of adequate quality.

ASME B31.3-2016 o s,,> oldee oo 331 GISTL YPA g
LS : (General) 331.1 &I 51,0 -
6,885 5l o 1> Sldes Slelyl : (Postweld Heat Treatment Requirements) 331.1.1 &1 ,51,L -
5 zyoie sl sdgume g o b ie (P-Nos. and Group Nos.) sle sow 09,5 b sllae 0L PWHT - (a)
ol 0o 08,91 331.1.3 §331.1.2 Jgax ;0 a5 (60,lge bl 4 ab 331.1.1 Jgox
ASME BPV Code, Sec. IX s lstesl 5 QW/QB-422 Jsu> ,s s Group Numbers 4 L= P-Numbers
(a5l oty cewd o Appendix A ;s la P-NOS. a5 55,5 o (5,510L) .5l oo s ya5
5 paseioe WPS (o sl cliles il 095 ol ()1 Slles ouds plonl leedoz 59, 2 ol 3 S1- ()
03,5 Jloe! 55 PQR apgs 15 5 95,5 jsliie
3 a8 45) 1 005 Ll sl SrsS J,tiS gz SLdl o b 5 Slinlesl sl i (>l - (b)
Al oo 10,95 1 emlin CinS 5l oles b s a5 958 Lol lebsl B ayles Laseie (05 ol Sl
&> sl Slles Lo 1 (Other Heat Treatments) 331.1.2 &l 31, -
w5l 332.4 GLILL b gllae sl 0ol JS8 5 o )Ses gl ) Slides — (2)
Spiral (helical #.,L. L Longitudinal Jsb slis> 59, » &)l Sldes oty Sl sl — (D)
S o5 302.3.5 Jgu 4 (Elevated Temperature Fluid Service) YU slbes slo s g ;o SEAM)
PWHT js a5 slwls oy ,a5: (Definition of Thicknesses Governing PWHT) 331.1.3 &l 51,6 -
bl (0 00US s
) Gl 5SS azs) I5331.1.3 4331.1.1 Jso o a5 (control thickness) J oS cwlks o)le - (a)
sz als (1)
4S5 g 9 Jlih o e s b WS e e wb G sl 5 85 ole JU e culis <(2)

Dy Ghez HLad w86 b e 4y jlad cou b il
5o <> nominal thickness o L o Interpretation 25-30 lgie cov Olgs g Jlgaw 4 s
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Interpretation 25-30

Subject: Paras. 331.1.3(a)(2) and (c), Preheat and PWHT Governing Thickness (B31.3-2014)

Date Issued: April 28, 2015
File: 15-616

Question (1): In para. 331.1.3(a)(2),

Reply (1): Yes.

does the phrase “the thickness of the materials being joined

Question (2): In para. 331.1.3(a)(2), does the phrase “the thickness of the pressure-containing

Reply (2): Yes.

Question (3): In para. 331.1.3(c), does the phrase “the thicker of the materials being joined at

Reply (3): Yes.

oA oy o ) 2 4 Sl (S8 Sl (a5 (5,551 &5 gz cwls — (b)
alo jlogd oo (s5le oolel (5,92 (51 45 (5 jrantd sad (Job 4z g (Jarmme 42) (5 Lt Slarg> 50 (1)

el o0 (6 Sile a8 LSl b 5l e

Fig. 328.4.3 Trimming and Permitted Misalignment

misalignment.
Sea WPS.

{al Thicker Pipe Taper-Bored to Align

misalignment.
See WPS.

{b} Thicker Pipe Bored for Alignment

ol Oldes Cou ez 5 Ld Slder jo Jlail £,b VP e

Size of
weld

Surface of perpendicular member
Convex fillet weld Sjze of

Surface of
horizontal member

o9 28 cwlbs (Fillets) (ol asgs sloig> 50 ~(2)

Concave

weld fillet weld

e -/
Equal Leg Filiet Weld

Fig. 328.5.2A

LS".)‘)} Sldes Sy o L;)“‘S Sl S Loakl,y 4o Fillet ledog> 4o @%f 09> o3l YV gl
Jbd ,0 Lbe> Gee (Partial Penetration) Sy 3985 b sl 0 -(3)

12
1

Source: AWS A2.4:2007

(B)

re—x" 3

Figure 21—Partial Joint Penetration with the Joint Geometry Optional

WELD CROSS SECTION
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D9 yrond Coml oo (6,05 Ay JU e (55, 2 4T (sl 0y8> Bec —(4)

Different Types of Corrosion

- Recognition, Mechanisms & Prevention
Pitting Corrosion

Namrow, Deep Eliptical Wide, Shallow

Subsurface Undercutting

Horizontal Vertical
ASTM-G46 has a standard visual chart for rating of pitting corrosion.

Source: http://www.corrosionclinic.com/types of corrosion/pitting corrosion.htm

ol Oldes Cou cya Jb e )0 G pens Slebgr Jome Gos YVY pgas
ASME B31.3 L &las  Branch ,o (PWHT) Jls; - =

Sloolatul bey 50 gl a5 asSilen Jsb jgmme aboliie mlaw ;o 34390 ol Branch lesil slosg> 40 ~(5)
dwlmo Sl oo o0ls )Lis 328.5.4F -YV¥ ;945 9 328.5.4D -YVY Leai jo o] Glis a5 oe> cuwlis S

205 dwlxe 5 sl Jge,8 5l oolaiwl b ol hg> Cwls 09l oo

Fig. 328.5.4D Acceptable Details for Branch Attachment Welds

illustration (1) = Ty + £,

illustration (2) = T, + ¢,

ration (3) = greater of Ty + for T, + 1, 35,55 ,55 a5 plas ;a0
- e T

illustration (4) = Ty + T, + £,

illustration (5) = Ty + £,

Para. 331.1.3 (5) &b e Branch _lo; i acule cg ooliiwl 0,50 sledge,d YVY 5 guas
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Fig. 328.5.4F Acceptable Details for Integrally Reinforced Branch Connections
(-b) for Fig. 328.5.4F use T + b forall illustrations

Manufacturer's weld
Manufacturer's weld line (f applicable) Mine i applcabil
lina (if applicable)
Manufacturer’s weld
Note (1) line (if applicabled

Note (3).

{a) Transverse id] Longhudinal
Manufacturer's weld

line (if applicable)

le) Transverse

Para. 331.1.3 (5) &b do Branch _ls; (55 acule cga oolinwl 0,90 (sloJgo,8 YV g
51 s e il 0o 00,5 LG Table 331.1.3 Joom j0 45 jghailon JU 5o ol Cls O e - (©)

ovez Jlasl e o ewss b e Cwls
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,ba! PWHT _lsj a5 5l Lyzilee (Table 331.1.3) Jsom — m

Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment

P-No. and Group No.
(BPV Code Section IX,
QW/QB-420) [Note (1)]

Control Thickness,
mm (in.) [Note (2)]

Type of Weld

Additional Limitations Required for
Exemption From PWHT [Notes (3)-(5)]

P-No. 1, all Group Nos.

P-No. 3, Group Nos. 1 and 2

P-No. 4, Group No. 1

P-No. 5A, Group No. 1

P-No. 5B, Group No. 1

All

<16 mm (%4 in.)

<16 mm (3% in.)

<16 mm (% in.) except
the thickness of a
socket weld fitting or
flange need not be
considered

<16 mm (34 in.)

<16 mm (%4 in.)

<16 mm (% in.) except
the thickness of a
socket weld fitting or
flange need not be
considered

<16 mm (3% in)

All

All

Groove

Socket and fillet welds

Seal welds and non-load-carrying
attachments [Note (7)]

Groove

Socket and fillet welds

Seal welds and non-load-carrying
attachments [Note (7)]

A preheat of 95°C (200°F) is applied
prior to welding on any nominal mate-
rial thickness 25 mm (1 in.)

Multiple layer welds are used when the
nominal material thickness
>5 mm (3, in.) [Note (6)]

A preheat of 95°C (200°F) is applied
prior to welding on any nominal mate-
rial thickness >13 mm (% in)

A specified carbon content of the base
materials <0.25%

Multiple layer welds are used when the
nominal material thickness
>5 mm (¥4 in.) [Note (6)]

Mandatory preheat has been applied
Specified carbon content of the base
materials €0.15%
Multiple layer welds are used when the
nominal material thickness
>5 mm (34¢ in.) [Note (6)]
Mandatory preheat has been applied
Throat thickness of the fillet weld or the
socket weld <13 mm (% in.)
Specified carbon content of the pipe
material <0.15%
Nominal material thickness of the pipe
<16 mm (%4 in.)
Multiple layer welds are used when the
nominal material thickness
>5 mm (%44 in.) [Note (6)]
Mandatory preheat has been applied
Multiple layer welds are used when the
nominal material thickness
>5 mm (344 in.) [Note (6)]

Mandatory preheat has been applied
Specified carbon content of the base
materials <0.15%
Multiple layer welds are used when the
nominal material thickness
>5 mm (% in.) [Note (6)]
Mandatory preheat has been applied
Throat thickness of the fillet weld or the
socket weld <13 mm (Y, in.)
Specified carbon content of the pipe
material <0.15%
Nominal thickness of the pipe
<5 mm (3¢ in.)
Multiple layer welds are used when the
nominal material thickness
>5 mm (3¢ in.) [Note (6)]
Mandatory preheat has been applied
Multiple layer welds are used when the
nominal material thickness
>5 mm (¥ in.) [Note (6)]

No exemptions from PWHT

&L PWHT Ll 25 5 liedlas 331.1.3 Jgo YVYA g

(16)
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Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment (Cont’d)

P-No. and Group No.

(BPV Code Section IX,
QW/QB-420) [Note (1)]

Control Thickness,
mm (in.) [Note (2)]

Additional Limitations Required for
Exemption From PWHT [Notes (3)-(5)]

P-No. 6, Group Nos. 1-3 All
P-No. 7, Group No. 1 All
P-No. 7, Group No. 2

P-No. 8, all Group Nos. All
P-No. 9A, Group No. 1 All
P-No. 9B, Group No. 1 All
P-No. 10H, Group No. 1 All
P-No. 101, Group No. 1 All
P-No. 11A <50 mm (2 in.)
P-No. 15E

P-No. 62

Specified carbon content of the base
materials <0.08%

Nominal material thickness
<10 mm (34 in)

Weld filler metal is A-No. 8, A-No. 9, or
F-No. 43 composition [Note (8)]

Specified carbon content of the base
materials <0.08%

Nominal material thickness
<10 mm (34 in)

Weld filler metal is A-No. 8, A-No. 9, or
F-No. 43 composition [Note (8)]

No exemptions from PWHT
PWHT neither required nor prohibited

Specified carbon content of the pipe
material <0.15%

Nominal material thickness
<13 mm (% in.)

Mandatory preheat has been applied

Nominal material thickness
<16 mm (%4 in) and the WPS has
been qualified using a material of
equal or greater thickness than used
in the production weld

PWHT neither required nor prohibited

PWHT neither required nor prohibited for
nominal material thickness
<13 mm (% in.)

No exemptions from PWHT

No exemptions from PWHT

&l PWHT ls; o5 5 lindle 331.1.3 Jgaz sanlsl YV guas

331.1.3 Jgo slozislost -

S lastiwl 5l QW-422 Joom> ;0 s cad P-NO. w05 <8l APP.-A 5 7 o P-No. L sslas 31-())

Sed oo G Sec. IX

oo iy a5 33113 GISTL jo J S cwles —(Y)
oo iy yas 331.1.3 () BLS1L o JU ke coml calses —(Y)
oo 4l jlee WPS L #,b saliwgy PWHT 5l siiles gen —(F)

031 o o L5l gl U e (slyr 6yt (slgdloe ol Sae 328.7 BT L illas s plowl slotiex sy —(0)
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Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment

&)kt PWHT o) s jl Lipdlas

P-No. and Group No.

(BPV Code Section IX, Control Thickness, Additional Limitations Required for
QW/QB-420) [Note (1)] in. (mm) [Note (2)] Type of Weld Exemption From PWHT [Notes (3)(5)]
P-No. bt 35 JUs oo (gl ansd oo S Caaliis P £ PWHT 15 (o5 3 Cudlan (5l 3l 3350 yodon slgmangasea
At 3 I8 laglia Y8 ) AA and Claliud )
P-No. 1, all Group Nos. All All I Al pad Craliui ASila§ 4 ged pladl ol il 40 Cyboa At 0 il S Gty
[(Note (6)] Ll sd adyy LS AV diy slgipn Cand Jiaglia &
g 3 OE el VT i e Culiid g1
P-No. 3, Group Nos. <16 mm (% in) Al o a1 pabie g8 e 2g alad) AR 10 Cula a0 8 ola S g
1and 2 fedie VP 3 &L g gbee & 3 Adg el Cudliud 4505 A0 a8 O+ T8 31 RS 1y s s Lisa il 38
[Note (6)] A4 a1t sty Sy 413ty ltign it Satlia
s, - 13 5 glona Liza il 8 g adk padfia S M AL 005 aladl o ol tila £
<16 mm (7 in.) 3 - A - 9 3
Groove Gl faalia & 1 by panel Craliid a5ila§ 2l B Vo0 N 2 ) el
Hadie VP 5 RSl g e [(Note (6)] .L8L s 52 Sy 4 diy lgdiga
ialia V8 5 RS 5 b At Uy g lena S Ly il Ghpa g Cualii Al ead pladl s ke Ghila £ Gty
T L ad el Yor. N8 ) AaS L s ghena ALyl Jlsia s 0ad padidia (18 JhEa a8l Aalia VT )
. slemili 5 LgRuid plitil 4, . ..
P-No.4. Group Nos. 1 | &7 Socket and Fillet Welds AL falin VP 0 RS 5 b 4158 g e pand Culhn AL

% il Ll aaliiin 48 8l

s

AL s 0l LR AV i slgdien Cid arlia & 1 by el Cualiia 4S50
[(Note (6)]

<16 mm (% in.)

Sekie 1P 3 S b (5 gl

Seal welds and non-load-carrying
attachments [Note (7)]
48 el sledgn g oty ol Gledign
gl ol Jeate

il faglan & 1 Ay ot Cualiiz axgila) ol sadh ladl o i) G S Oy
[(Note (6)] .2l sad st JlSg 4N 23y slgdisn

P-No. 5A, Group Nos. 1

<16 mm (% in.)

Sadkia 17 51 RSl g gle

Groove

L o5 gloca Uiz i a s 008 paliaia g 8 shEa L sk aladl s bt otila S Gl
lgdion Gl adia & ) ks et Cualdis aSsla) A8l La ) % Y2 ) LS
[(Note (6)] .43k sd 542 LS5 40Y dia

Fadlaa VF 5 ReS T g s
el g LgFasid pliil 4,
9 b gl Caaliin 48 L

sy g

Socket and Fillet Welds

Sy g gbes il L ot hga gl il sl sad aladl ke ohila Ul

LRI - S PO WL P PR-POPRNT YEPE IV, Pyt g0 T PR Py PIPRE '}

s S A iy oL ol alia & b iy annd Canldi ASila) 1Ly a0
[(Note (6)] .2l sad

<16 mm (% in.)

S 1951 RSl 5 e

Seal welds and non-load-carrying
attachments [Note (7)]
4 allad Slei g sk ol Sleign
g gai s aae

Cuab faglia & Jh ik e Cralids 4830 08l 00 aladl 5 ol Ghila € (it
[(Note (6)] .2l aadi aa kg 4 20 slgdisn

P-No. 5B, Group Nos. 1

g cilas PWHT J1

Al 22 % v A ) el g slewa Uze 8 g sddh adidia (S Jlide

P-No. 6, Group Nos. 1-3 All All AL ety Ve ) RS 1 s ghona e e Claliil
[(Note (8)] 241 F-No. 43 cx5.3 Jaals A No. 9, A No. 8 (hs jB s 3
Al ua g U s 0 A ) a8 g sloa Line S 5 00 padtia Ga S liEa
P-No. 7, Group Nos. 1 All All Al gl Vv 1 RS e hena (Tl e ) Cialils
[(Note (8)] 22 F-No. 43 wuS i Jaals A No. 9, A-No. 8 ofsa Ji s 8
P-No. 7, Group Nos. 2 Caeud cilaa PWHT )
P-No. 8, All Group Nos. Cioal 224 £ plan 4 Canad 27 AT (PWHT) il AT
AL L % N ) S L s ghowa Algl 5 b0 paditia g S gMia
P-No. 9A, Group Nos. 1 All All sl Fadia VT 1 L8 L g glona Jla e el Cialii
Ll 00 aladl g bl GAla E Sy
8 Ay s Jl e Cualiid poags Aagle VF ) Sl oo glena Jlya pand cdldia
P-No. 9B, Group Nos. 1 All All 8y (-39 o 43R St e Cinlis 3} ity (Han POR g
P-No. 10H, Group Nos. 1 All All Caod s £ plan 4 Gl ¥ 43 (PWHT) 2145 AT
Faglia VP SH RS L s gl s Lgaliua 51
P-No. 10I, Group Nos. 1 All All i 2k . giaa 43 Cid Y 43 o ot
P-No. 11A <50 mm (2 in.) All
P-No. 15E Gt e PWHT )
P-No. 62 i il PWHT

&L PWHT ls; i 5l lisdles 331.1.3-2016 Jgo Cdlas asz 5 YA+ pgas
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Table 331.1.1-2016- Post weld Heat Treatment Jgo> — W

Table 331.1.1 Postweld Heat Treatment

Minimum Holding Time at Temperature for
Control Thickness [Mote (2)]

P-No. and Group Mo. Holding Temperature Range,

(BPV Code Section IX, QW/QB-420) °C (°F) [Note (1)) Up to 50 mm (2 in.) Over 50 mm (2 in.)

P-No. 1, Group Nos. 1-3 595 to 650 (1,100 to 1,200) 1 hf25 mm (1 hrfin.); 2 hr plus 15 min for each
P-No. 3, Group Nos. 1 and 2 595 to 650 (1,100 to 1,200) 15 min min. additional 25 mm (in.)
P-No. 4, Group Nos. 1 and 2 650 to 705 (1,200 to 1,300) over 50 mm (2 in.)
P-No. SA, Group No. 1 675 to 760 (1,250 to 1,400)
P-No. SB, Group No. 1 675 to 760 (1,250 to 1,400)
P-No. 6, Group Nos. 1-3 760 to 800 (1,400 to 1,475)
P-No. 7, Group Nos. 1 and 2 [Note (3)] 730 to 775 (1,350 to 1,425)
P-No. 8, Group Nos. 1-4 PWHT not required unless required by WPS
P-No. 9A, Group No. 1 595 to 650 (1,100 to 1,200)
P-No. 9B, Group No. 1 595 to 650 (1,100 to 1,200)
P-No. 10H, Group No. 1 PWHT not required unless required by
WPS, If done, see Note (&),
P-No. 101, Group No. 1 [Note (3)) 730 to 815 (1,350 to 1,500)
P-No. 11A 550 to 585 (1,025 to 1,085) [Note (5))

P-No. 15E, Group No. 1 730 to 775 (1,350 to 1,425) 1 h/25 mm (1 befin); 1 h{25 mm (1 hrfin) up
[Notes (6) and (7)] 30 min min, to 125 mm (5 in)) plus
15 min for each addi-
tional 25 mm (in.) over
125 mm (5 in)

P-No. 62 540 to 595 (1,000 to 1,100) e See Note (8)

All other materials PWHT as required by WPS In accordance with WPS  In accordance with WPS

GENERAL NOTE: The exemptions for mandatory PWHT are defined in Table 331.1.3.

NOTES:

(1) The holding temperature range is further defined in para. 331.1.6(c) and Table 331.1.2.

(2) The control thickness is defined in para. 331.1.3.

(3) Cooling rate shall not be greater than 55°C (100°F) per hour in the range above 650°C (1,200°F), after which the cooling rate shall be
sufficiently rapid to prevent embrittlement.

(4) If PWHT is performed after welding, it shall be within the following temperature ranges for the specific alloy, followed by rapid cooling:
Alloys 531803 and $32205 — 1 020°C to 1 100°C (1,870°F to 2,010°F)

Alloy $32550 — 1 040°C to 1 120°C (1,900°F to 2,050°F)
Alloy $32750 — 1 025°C to 1 125°C (1,880°F to 2,060°F)
All others — 980°C to 1 040°C (1,800°F to 1,900°F).

(5) Cooling rate shall be >165°C (300°F)/h to 315°C (600°F)/h.

(6) The minimum PWHT holding temperature may be 675°C (1,250°F) for nominal material thicknesses [see para. 331.1.3(c)]
<13 mm (3 in.).

(7) The Ni + Mn content of the filler metal shall not exceed 1.2% unless specified by the designer, in which case the maximum tempera-
ture to be reached during PWHT shall be the A, {lower transformation or lower critical temperature) of the filler metal, as determined by
analysis and calculation or by test, but not exceeding 800°C (1,470°F). If the 800°C (1,470°F) limit was not exceeded but the A, of the
filler metal was exceeded or if the composition of the filler metal is unknown, the weld must be removed and replaced. It shall then be
rewelded with compliant filler metal and subjected to a compliant PWHT. If the 800°C (1,470°F) limit was exceeded, the weld and the
entire area affected by the PWHT will be removed and, if reused, shall be renormalized and tempered prior to reinstallation.

Heat treat within 14 days after welding. Hold time shall be increased by 1.2 h for each 25 mm (1 in.) over 25 mm (1 in.) thickness.
Cool to 425°C (800°F) at a rate <280°C (500°F).

B31.3-2016 o,labewt 3o (PWHT) oloj (25 0 bgaye 331101 Jgo :YAY g3
33111 Jgom slesslosl
ol o iy y25 133111 Jgax ;0 5Ll PWHT 51 Glas )90 : IS slgilosls
oo iy s yiin 331.1.2 Jga 9331.1.6 (€) GISLL 4o 6,laeSS &)l a0 (gesgazme —())
Ll ool iy 25 331.1.3 GISTL o J S cwles —(Y)
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ax il cels 5 650°C (1,200°F) 51 jean asls 55°C (100°F) 51 YL (so0gamme 10 58,5 oy g yus —(¥)
uled (6 Sty I8 ((Sausls) o5 5 a5 il @ yw 0> T 6wl 58,5 8w Sy T 5
sl sl 55 sl &yl ax 0 (gedgame 4o Wb Joo cpl ail oo plol (o, Sag> 5l o Sy 25 ST —(F)

138,58y &9y 5] JLSs 5 0948 plnil o0y Laseies
Alloys S31803 and S32205 — 1020°C to 1100°C (1,870°F to 2,010°F)

Alloy S32550 1040°C to 1120°C (1,900°F to 2,050°F)
Alloy S32750 1025°C to 1125°C (1,880°F to 2,060°F)
All others 980°C to 1040°C (1,800°F to 1,900°F).

5L 315°C (600°F)/h b 165°C (300°F)/h 51 jiicn asls 40,5 8 s &y =(D)
Sl o Va0 (13 MM) gglos b a8 ol (sl Sl (sl 15 55 505 &l a2y Jilo —(7)
[.asS o5 331.1.3 (¢) BI,51,L 4 ] .asl 675°C (1,250°F)
ol 5o a5 aBl 00 S et ik aSil [Re iS5l woye 1.2 51yl Jbe Jd e 5 S jlaie ggazee —(Y)
L lower transformation (¢ gallxiwl ool &)l ax0) A7 b b 2Slas al Sl (s &)l dx )y &g
bug b awbre g olbowds 5JUT galwgs a5 Jle LS (lower critical temperature ool Jlyoe &)l > ax )0
oS 59l 2l 800°C (1,470°F) 51 Jg ol 08,5 (oo Cyumetd G
Jle s 556 sl &l ax o b 5l Jg oSS 59l 800°C (1,470°F) 51 Slsy (o5 &)l ax 0 3]
e b Lass Tooms 5 oud axalsy wb e sl aslosl Jito Jd ploowd o8 5 1L wles 55l (4))
20,5 (Sloy A5 5 6, celie
il il o5 5 5 a5 5 e ol ol 5 i wles 3k B00°C (LATO%F) 51 2l s 51
05 e g selloy 15T aals sazme a5l L3 (oS ooliul 1) oads aiils o ernlysy (515 wigd
Sl nl )5S plej al So il i Gl Culd 3 anles Gloy 25 6,892 5l 59, VT DB 50 -(A)
oS ey L425°C (B00°F) w)lym 4z j0 B (0,5 0 ym 09 ai8 3 Lo o cel 1.2 cuslbes adlol gl S5 5
D¢ plil celw » 280°C (500°F) (golus b

O35S Sy g 5,5 o,5 1 (Heating and Cooling) 331.1.4 &I 51,6 -

O Ly Sl az s S (el 5 58 50 &)l az e (S 1eSs Gl LS 9590 Dyl po b 9,5 £
L S S0 Canglin  snbgn s Al b iy )3 (50,55 2 55 (53,5 )8 Sl i oo 55 05 5 oyl
ua)_f Sy 5 33,5 0,5 &y 315°C (600°F) 51 5YL &)l y ayo y0 ol |y o)l Sl (2STg b (S xSl
s gl sy i (54 s B s 25T () 0.5y s el 335°C (600°F) 51 s
8y ey Slal 3l 5l ules jels el 0 335°C (600°F) 51 wuls (Rate) ;e ol (sl zeed jo  Jg ol
A8 o5 331.1.1 Jgu> 4 P-Nos. 7, 101, 11A, and 62 sla JL e o0,
58l p i b ST 4S5 30 0 0 4385 L5 10 600°F 15, 335°C (elos 358 L, 4o |z oS s ) smess
Sl WS pl Lo s 2wl 635°F los Jolae 335°C slos oS awlne
433°C slos a5 095 48L51 333°C 5.0 100°C los 4 51 > 212°F sloo b sl ol 100°C sloo imndgs

oy 0 335°C los 40333°C sloo 5l oae oo ,5 (gerd) 0,5 L as 333°C L el Jolro
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335°C/h (600°F /hr)???
2 Convert E x
File Options Help
Custam | Dnsity | Distance | Emergyl Flowe I Force | Light I Mass I Power
Acceleration I Amt. of Substance I Angle | Aea | Computer | Concentration
Pressure I Speed | Time I Tomue I Walume I Wolume - Dy
Output
celsiug
rankine
335°C (600°T)
Rounded
Impe; |335 .‘\ cekius *———— °C
Outpuk: |535 “\ fahrenheit ‘—-—— °F
812 -f600} 212 °F
212 °F

812 °F
t 100 A333/= 433 °C
100 °C | < |

f

» 433 °C
635°F ,1,,335°C (sleo L 600°F Jolee 335°C (slas 5| Lo YAY g

&> a8 covo ali : (Temperature Verification) 331.1.6 &I 51,4 -
clio leedy, lo b (Thermocouple pyrometers) LsSse s slo yog e abowsy il (2105 (45 &)l a0

e &)\ SKisx dwg b 55505 Jlasl g1y 00l cole, WPS o 2 jaie cleljil 0gi Jols oyliebl b 00,5 J S8

DS o585 328.7 Gl ST,L 4 .o cule bl (low energy capacitor discharge) SG xSUl gadss yog, b ol
Olg 4o yeka 55,5 0, IS Wb 04 0 oolan! (heat treatment furnace) s,l,> clles so,55 51 51— (a)

3,5 JyaS 5l 0,00 Oyl ax o gaals o 1) oloy i olles

(heat treatment furnace) > <lles 0,65 VAT L guai
(255 &85 15 Jle 4) 00,5 0l POQR Lawgs 5 03 WPS s 0l il L5 5,90 a5 PWHT woS 2 - (b)
SLPWHT P o Jb e &)l as 50 0 s PWHT 4 5L 33111 Jgox b a5 olede> sl — ()

aiwils jee 331.1.2 Jgox Lawgs a5 jghailen 05,5 ol zhb bwg 31 ol b all ool ascin godgdom o

Dles 598 JUb e sl Slhme Ol a0 51 asST by i 09d yidos Silg oo Ol a0 (503505me 00
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33112 Jpam —%

TOTAL SOUTH PARS PROJECT PHASE 2&3
/\HYUNDAI |PROCEDURE QUALIFICATION TEST RECORDS (PQRJ)| sheet 1 of 4

ENGWEERING & CONSTRUCTION C0..4TD:

| (ASME SEC. IX) e
PQR NO __HD - PQR - ASME - 001 Rev. 0 PREHEAT (QW-407)
Welding process GTAW + SMAW Preheat Temp. _T_‘TO"C Inter-pass Temp. Max. 155°C
Types @ Manual [0 Machine [ Automatic | BOSTWELD HEAT TREATMENT (@W40T)
O Semi-Automatic ’,_4" Temperature 600 ~ 605°C Time __ 1 Hr20 Min
3 Heating rate : 98°C /Hr_ =
JOINTS (QW-402) Cooling rate : 75°C / Hr
GAS (QW-408) Percent Composition
- See next page — Gases (Mixture) Flow Rate
Shielding Argon 99.9% 19~22 /min
Trailing N/A N/A N/A
Backing N/A N/A NIA
BASE METALS (QW-403) ELECTRICAL CHARACTERISTICS (QW-409)
Material Spec. ASTM & APIS5L, Current DC Polarity GTAW : SP, SMAW : RP
Type or Spec. A106Gr-B & APIS5L Gr.B Amps. GTAW : 100~188, SMAW : 100~150
P-No. 1,  G-No.1 to P-No.__1,G-No. 1 Volts GTAW : 9~11, SMAW : 18~26
Thickness of Test Coupon 27.96 mm Tungsten Electrode Size  22.4 EWTH-2 Other NJ/A
Diameter of Test Coupon 14 inch TECHNIQUE (QW-410)
Other
r

TOTAL SOUTH PARS PROJECT PHASE 2 & 3
/- HYUNDA| WELDING PROCEDURE SPECIFICATION -

' (ASME SEC. IX) e
WPS NO __ HD - WPS - ASME — 001 Rev. 4 JOINTS (QW-402)

PQR NC _HD - PQR -~ ASME - 001, 11-2 Rev. 0 | Joint Design Groove

Welding process GTAW + SMAW Backing NO GTAW YES SMAW
Types W Manual [JSemi-Automatic [JAutomatic Backing Material or Type:  GTAW root passes

BASE METALS {QW-403) 37.5¢ 2.5 °

P-No. _1 G-No_1&2 to P-No_1 G-No._1&2 Y

Thickness Range 19 mm ~ 55 mm

Diameter Range ALL &
I

3zt 1emm || o $16¢ 08mm
FILLER METALS (QW-404)

F-No. 684 A-No. 1 10t 250
Spec. No.(SFA) Ab18 & A51,A55
AWS No.(Class) ER70S-3, E7016, E7016-G
Size of Filler Metal See table below o7.5t25°
Deposit Thickness qualified GTAW : Upto 15 mm 19mm -|_ q

SMAW : Up to 40 mm , |
Trade Name HWC ST-50.3 & HWC E7016-HL Joint Details

KOQBE LBS2NS
PREHEAT & INTERPASS TEMP. (QW-406) ==~ | POST WELD HEAT TREATMENT (QW-407}
Preheat Termnp. Min. 55 °C, 100°c"" Temperature Range 600 + 10°C
Interpass Temp. Max. 250 °C Time Range 1 hr { inch, Minimum 1 hr

Preheat maintenance No Heating rate Max. 220°C / hr / inch
Cooling rate Max. 275°C / br /inch

PQR s T pll asl L WPS i3 o PWHT consg (ol aseio YAF jgas

r
Table 331.1.2 Alternate Postweld Heat Treatment
Requirements for Carbon and Low Alloy Steels,
P-Nos. 1 and 3
Minimum Holding Time at NOTES:
Decrease in Speuﬁﬁtc! Minimum Decrea:?gol;irn{g)elrature, (1) Times shown apply to thicknesses <25 mm (1 in.). Add
Temperature, °C (°F) 15 min/25 mm (15 min/in.) of thickness for control thick-
30 (50) 2 nesses >25 mm (1 in.) (see para. 331.1.3).
55 (100) 4 (2) A decrease >55°C (100°F) below the minimum specified
85 (150) [Note (2)] 10 temperature is allowable only for P-No. 1, Group Nos. 1 and 2
110 (200) [Note (2)] 20 materials.

ASME B31.3-2016-Table 331.1.2 Jsaz YAV 5o
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u;‘ P-No. 3 9 P-No. 1 G)L:J—‘ LgLQOYgé 9 g?“"; LchboYa.é 6‘)‘.’ PWHT u.s)iab "’L"‘)‘” :331.1.2 Jﬂ"\"' -

2 gm0 o olis |, °C (OF) sass asuine &)l ax 0 Blas j0 (26lS i Cam Ggiw 50 3,10 fygiw 99 Jgox
A2 o slid ] Cele s Ol 4z o J1alS O jse j0 64l ley JBlas ]y G g

331.1.2 Jgo sleslool -

LgUb Colus 6‘)‘.’ Dgl (o0 0Oy )lig 25 mm (1 1n) LSSLMM L )...QS LgL:a s 6‘)’.’ ol ool UL‘“" GLQ’L") -\
o555 331.1.3 GIS1L a) anle adlol suss Lasein lojy 4 aids VO cuwlb 25 mm (1 1n.) 5l s Jpus
(WS

sl Jb e lp ks oo Lasein &)l ax 0 PBlas 5 55°C (100°F) 5 io rals -Y

b e 5w P-No. 1, Group Nos. 1 and 2

el 4l canl oo atin 5l sal astie Oyl ax 0 JBlas o zals 55 °C (100 °F) 31 Jles gk
235 50 S ey Jlae s

(ol 00y B3> 2014 o Sl 50 SIFTL o) 1 oo cs =331.1.7 &I 5L

ASME B31.3-2012

331.1.7 Hardness Tests. Hardness tests of produc-
tion welds and of hot bent and hot formed piping are  at least 10% of welds, hot bends, and hot formed compo-

intended to verify satisfactory heat treatment. The hard- nents in each furnace heat treated batch and 100% of

ness limit applies to the weld and to the heat affected  those locally heat treated shall be tested.
zone (HAZ) tested as close as practicable to the edge of ={jg(b) When dissimilar metals are joined by welding,
the weld. the hardness limits specified for the base and welding

* {a) Where a hardness limit is specified in Table 331.1.1, ~ materials in Table 331.1.1 shall be met for each material.

el ot B3> 2014 o Gla 45 oS s e 33117 BLSLL YAA o

hot bent and hot
formed piping

hot bent and hot formed piping ;I LLiYAY ,gas
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ekiie 4y Wl adly IS poss b Wil ool (o) S 05 Ghgy 4 a5 ole (o85 dg g oad plaxil Gledigzr (B Cas
Syl 5l Sl gaml g hex 0590 50 Wb (B Gl 05 (o0 pll Sl Sldes 09 canlio 0l g g
g 03 IS sl 3335 sz 54 4 Sl a> b a5 (HAZ)

(oS o0 B31.3 o lasbiwt azs b 4y ol lou! (Hardness Tests.) 331.1.7 1 51,1 Ba> s iasg5 —ssiese

5 2,5 e 1404 Jls ,o (Petroleum Refinery Piping Code) oL L B31.3 o lastsl iolpg ondgl -

Chemical Plant and b cos VAYF Jlo o |, oleowd clnle 25 dg) slosinmw (ogase o lailwl gl

2oz ab cos g ol pb s Toaze VAVA Jle o s aw Jlo Y o5 il Petroleum Refinery Piping

ANSI/ASME B31.3 & jiwe ojlasbeal VaAs Jlo ,o .a0e 5 ixe ASME Code for Pressure Piping

ool 5o &S we 8 e ASME B31.3 Process Piping loie cos aax o8 6 14488 Jlo jo bl as LSas

Sabial )3 65 ol axly bl e VAR Jlo Ola 50 9 b 29,8 Soe ulul p 605 o3l g,y Ol

28,5 18 S e wlel » B31.3

Petroleum Refinery (sl o laibewl cpl lail jo a5 ey (o0 4G cpl 4 B31.3 5 lasbiw] amsu b cwyp b -

5 ooy cuidE b Lol aily o 1,55 1 Vb Coenl 5l s olRigVl [y s it o g g1 0k angd 5 b

Sy mbo 5 00,5 jee cd oKigVh (sodgamme 5l 55 B31.3 o lailin) culled saals cmlio i, b s

L mbeo ol 5l (gan 05 me syl )l <52 NIEREYe S o gl (pl po a5 ol I8 g cod ) (6,500

:alax 5130 300.1-Scop GI5TL ,o ol oo

sy 2 sleule) (Chemical) olowss -

(Pharmaceutical) ;Lo g,lo -

(Textile) ol gunio —3

(Paper) ;Lo 3215 -3

(Semiconductor) Lle, acs -

(cryogenic plants) oy, slenle -

b alez ol o el s 28,8 33117 GLILL o e Slolyll Bl 4y ewoad B31 5l aS” oyl by -

5k Sbey w5 s (Require hardness testing when specified in the engineering design) :sge
300.1 Scope

Rules for the Process Piping Code Section B31.3! have
been developed considering piping typically found in
petroleum refineries; chemical, pharmaceutical, textile,
paper, semiconductor, and cryogenic plants; and related

processing plants and terminals.

! B31 references here and elsewhere in this Code are to the
ASME B31 Code for Pressure Piping and its various Sections, which
are identified and briefly described in the Introduction.

300.1-Scope &1,51,L:Ya -, guas
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o9 wlal3ll : (Specific Requirements) 331.2 8l 51,1 -

Sllas 5 6,500 leds, oIy oo wl ool ol Gliabl g Ll 51 (BT L 420 el 4yl
331.2.2 4331.2.1 L3l S1,L 0 a5 ,ehil 3311 GBISIL o)l oldes cwlol slaos 5l slotdles b 5)l>
20y 1) ol 00s 00 ]

sl )l olles : (Alternative Heat Treatment) 331.2.1 &I 51, -

Sliles sl S5 55 b )Ses 6,892 5l g Wl (o0 ST b 09,5 et = 05l b 095 Sl
o libae ol 51 e o5l I8 L o ablie (SSe ol ST by e 35 03,0 S L1 3,50 51>
Ak oal 0l Zlhb lawg sl 03Kl cpl g aled 00,5l Sldas iz 5l o | ealds s Sl ]

colbal Slaldl 5550 jo blizul : (Exceptions to Basic Requirements) 331.2.2 &1 51,1 -

comrgyes Ll s celio gl B aiee) oy y0 sl Koe e 0 o0l i 331 BILSLL 4o a5 jshulen
5 ol Slles dox 5l (5 So) 65 pSoe DLl cnl (Sen Zhb 68 )l50 iz )3 02K Syge SO
Slles 3550 50 65 plol Slll coul (Koo b wles jshite a8 glo culies (sl (i (B Sliogame
let oy ol AsSame Sl b g wled jslate (e (3w 5 1~

39 (S b Zhb sl 5 cams ool 00,91 331 GISTL o aS assl l sal eols plais! Lyl aSolKin
O DAl g g Sl azyo 28,5 a0 jo b caliin (5l upg oo 2128 galimsg Lo 8157 30,5 w8 (sl 1) Ll
S5 & abgye sla 556 sl s 5,F e Jlain sy Sllasl 25 b ()l e S S 5 i
ogd el b WPS a8 ol (sl ozl oo slons )] 2 ogdle il

alie e Jb s : (Dissimilar Materials) 331.2.3 &l 51,6 -

Jio b alowgy o5 (08 SllE G b plios 8 (2058 Sl oud (5 Kiige VLA 5> Slles - (2)
6 Jb e 61p 33111 Jeaz j0 a8 s plosl &)l > a0 (go0gazme op YL 10 Wb oo solawl plen e )8
Sgd 00, I (Joint designs) Jlasl 7 )b ,oss gl col (S uizmas Cllas cpl sl 00l 750 Jlasl 550
sl i mad 5y i e 5 Jle el 45 ol s ol VLl ) Slelec - (b)

GRS JS8 4 pwiige (b g &5 (%00 Sl by oad anuidls oY (8 Sl lp o5 el L il
Sg plail w00 )57 astie

ooldl 36 4 J,l,> olles : (Delayed Heat Treatment) 331.2.4 Gl 51,0 -
LoooS JrS wl ool Sy S p wall e (Gl Slbee 5 S 0ad (6,092 gaslad (0,5 3w axilis
el (6ol 5 Ayl i 51l Sl 516 0,8 S5l g

Caound &y Caonnd 5, > Slles @ (Partial Heat Treatment) 331.2.5 Gl 51,0 -

3 i o ) acgema Qi OlF (oo 0ls j1 80,65 j0 ax )b SO Ojga |y ool plxl sla iS5 dg) (g5 s aSuSg
rao Sl sle cud Jlie 10 35,5 oo )18 0y55 5l )5 50 aS acgerme | olediSu g aildgn |) (LS geals ol
Qb oo ggien Su,8 Ll e oS cnsiwl > Sldes gl gy ool 5l eolaiwl ais 5 cladlo

o3 5,1, Sllee 1 (Local Heat Treatment) 331.2.6 &1 51,1 -
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5 ol it sullacs 5 s i sl b2l g e 3 o o313 gz izl (05 e a4 il
ol 58l G S oy sl s 1y g 31 o 3 55 bl ) bl iy 53 csoshal 4 Jilio sl
Sections 5, 6, ,o Jue cJ a4 od lodg> 9y 2 o S 905 0lo S8 sogs sl olesal, ol axils asll
sile paeds g ez aliz] glne 45 ooz 8,5 o5 plSia el 0t 00,5 AWS D10.10 o Juitead 5l and 8
Culs 90 5 Jol> slebg> b anS o wds 043 4 wads |, o)l > a5 (Valves or Fittings) LSus ¢ laglg
o oS e Sl e 3 o e i b a0 S 5 il el Slidle aitly e e
ods ausls 5o 331.2.1 GBI FIL j0 a5 (69,190 bl 4y a8 j9bos JU yie (sl Sl &l a0 5 auls asls
wilbe ol Jlye cwb Jew Ol ax 0 a4 ooy PWHT o oss Jleel @)l a0 aSile; .ol
D4 Jleel (ol sla cuBlie wigh o 00ld i e alise sla P-NOS. L as” slo JU e b ol P-No. 15E

5L e griee S sl Juye 00 sl Gl Slles sl (b, a5 eslind

AWS D10.10 s lasbisd (olol 51 593 co o) (25 a5 (sl dibaie 5,1, ale 5 coall (idiay g0s56 5 Jlie
AWS D10.10 Ll » Soak Band by sdsle—m

AWS D10.10/D10.10M:1999 (R2009)

GCB = 22.4 in. (569 mm)

«—— HB=131in.(333mm) ———— »

INSULATION
SB =3in. (76 mm) /

A
| &
R =5.375in.
(136.5 mm)

Notes:

1. SB, HB, and GCB widths shown are minimum recommended based upon Tables 7 and 8.

2. Width of SB based upon assumption that W = 1 in. (25 mm).

3. Assuming temperature at the edge of the SB = 1100°F (593°C), minimum temperature at the edge of the HB must be 550°F (288°C).

4. H; =3 was used based upon the assumption that the pipe was either in the horizontal position with a minimum of two zones of control
or in the vertical position.

Figure 5—Example of Parameters for Local 360-Degree Band PWHT
of a Butt Weld in a 12 NPS (300 DN), 1 in. (25 mm) Wall Thickness Pipe




ASME, API, AWS, ASTM & IPS... oo ,laitiw! 51 50,08 ol
YYA

AWS D10.10/D10.10M:1999 (R2009)

Table 7
Summary of Recommendations for the Soak Band

Use the greater of the requirements below or that provided in the governing document

Purpose for Heating Minimum Soak Band (SB) Width?

Bake-out 6 in. (150 mm) or 3t, whichever is greater, in all directions from the point of welding

Preheat/Interpass Heating 3 in. (75 mm) or 1.5t, whichever is greater, in all directions from the point of welding
(Note: An alternate requirement may be specified by the applicable code)

Postheating tor 2 in. (50 mm), whichever is less, on either side of the weld at its greatest width

PWHT ‘ tor 2 in. (50 mm), whichever is less, on either side of the weld at its greatest width
—— (Note: This or an alternate requirement is generally specified by the applicable code)

2t = pipe wall thickness

AWS D10.10 s Juitil 5 Table 7 Y40 g

AWS D10.10/D10.10M:1999 (R2009)

Table 8
Summary of Recommendations for HB, GCB, and Axial Temperature Gradient

Use the greater/lesser of requirements below or that provided in the governing document

Minimum Heated Band Minimum Gradient Control Maximum Axial
Purpose for Heating (HB) Width? Band (GCB) WidthP Temperature Gradient

Bake-out 3tor 3 in. (75 mm), whichever is Not required unless temperature is
+ (ID)(SB ]:| greater, on either side of the HB above 800°F (427°C); then use

2 2
2 |:OD -ID
PWHT criteria

2

oD

Preheat/interpass heating op’ _m? 3tor 3 in. (75 mm), whichever is  Not required unless temperature is
2[7 + (ID)(SB ]:| greater, on either side of the HB above 800°F (427°C); then use

2 PWHT criteria

oD

Postheating 3tor 3 in. (75 mm), whichever is Not required unless temperature is

oD’ -ID’
z[f + (ID)(SB ]:| greater, on either side of the HB above 800°F (427°C); then use
PWHT criteria

oD

Larger of: HB +4./Rt The maximum allowed tempera-
SB + 2 in. (50 mm) ture drop from the edge of the SB

or to the edge of the HB is one-half

2 2 the temperature at the edge of the
H[M + (m)(SB):I SB

1

2
oD

or
SB +4./Rt

AWS D10.10 s Jsital 5 Table 8 a5 5

(el gl bl o olal (gaen) .Conl ooy aseive Jlo (pl jo a5 sl g gl i )90 ledol -3
- NPS pipe: 12 in.
- OD pipe: 12.75 in.
- ID pipe: 10.75
- Thickness of pipe: 1 in.
- SB (Soak Band): t or 2 in. (50 mm), whichever is less, on either side of the weld at its greatest width
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- HB (Heated Band): Larger of:
SB + 2 in. (50 mm) or
SB+4VRt or
v I
H.|:OD —ID
2

1

+ {ID)(SB)}

0D
- GCB (Gradient Control Band): HB+4\Rt

g cds e 4 lala) : Jlis diged O

-+ GCB 2
‘ -+ HB >
l— L SB—m L —»
- W
-
w
[
2
g Fd e LY
i : ] T &
S NV R
i I | I ¥
- ! | | 1
HAZ_/ | : L}
| Y
hp——— -t | R
I
L |
I
I
I
|
wnW—-——r-—-—

T = MAXIMUM REQUIRED SCOAK BAND TEMFERATURE
Tz = MINIMUM REQUIRED SOAK BAND TEMFERATURE
Ty = MINIMUM REQUIRED PERCENTAGE OF T,

-
DISTANCE X
Nomenclature:
W = Widest width of butt or attachment weld.
HAZ = Heat-affected zone.
SB = Soak band (width of the volume of the material where the holding temperature equals or exceeds the minimum and equals or is
below the maximum required. The minimum width is typically specified as W plus a multiple of t on each side of the weld).
L = Minimum distance over which the temperature may drop to a percentage of that at the edge of the soak band.
HB = Heated band (width of heat source).
GCB= Gradient control band (minimum width of insulation and/or gradient heat source).
1 = Nominal thickness of piping, branch connection, nozzle neck, or attachment.
R = Inside radius of piping, branch connection, or nozzle neck.
Figure 1—Schematic Diagram for Description of Local 360-Degree Band Heating
Table 7
Summary of Recommendations for the Soak Band
Use the greater of the requirements below or that provided in the governing document
Purpose for Heating Minimum Soak Band (SB) Width?
PWHT tor 2 in. (50 mm), whichever is less, on either side of the weld at its greatest width

{Note: This or an alternate requirement is generally specified by the applicable code)

2t = pipe wall thickness
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Table 8
Summary of Recommendations for HB, GCB, and Axial Temperature Gradient

Use the greater/lesser of requirements below or that provided in the governing document

Minimum Heated Band Minimum Gradient Control Maximum Axial
Purpose for Heating (HB) Width* Band (GCB) Width®? Temperature Gradient
PWHT®4 Larger of: HB + 4 J/Rt The maximum allowed tempera-

SB + 2 in. (50 mm) ture drop from the edge of the SB
or to the edge of the HB is one-half

3 3 the temperature at the edge of the

i 2= ()(sB) | sB
oD
or
SB +4.4J/Rt

% NPS = nominal pipe size, DN = diameter number, OD = outside diameter, ID = inside diameter, SB = soak band width, t = pipe wall thickness,
R = inside radius.

b Thermal resistance (R-value) of insulation to be 2°—4°F-ft2-hr/Btu (0.35°-0.70°C-m%/W).

¢ These recommendations are for “code required” PWHT. Additional requirements may be required when concemns exist regarding the service
environment.

dUse H; = 5 for piping in the horizontal position with pipe sizes up to 6 NPS (150 DN) and one circumferential control zone. If two circumferential
control zones are used with pipe sizes of 6 NPS (150 DN) and below, H; = 3 could be used for piping in the horizontal position. Use H; = 3 for piping
in the horizontal position with pipe sizes over 6 NPS (150 DN} with a minimum of two circumferential control zones and for all piping in the vertical

position.
-+ GCB =22 4 in, {569 mm} g
— HB=131in {333 mm) ——— =
INSULATION
5B = 3 in. {76 mm)
[— W —
vd 7 —t=1in,
o o)z oHo ofe one oHe mIe—til sHe™0)E oHo oHe BHE SHO G _{ESmml
A
I
Y
i /; \
HAZ |
I
| WELD R=53751in
{136.5 mm}
HEAT SOURCE
Notes:

1. 5B, HB, and GCE widths shown are minimum recommended based upon Tables 7 and 8.

2. Width of SB based upon assumption that W =1 in. (25 mm).

3. Assuming temperature at the edge of the 5B = 1100°F (593°C), minimum temperature at the edge of the HE must be 550°F (288°C).

4. Hi =13 was used based upen the assumption that the pipe was either in the horizontal position with a minimum of twe zones of control
or in the vertical position.

Figure 5—Example of Parameters for Local 360-Degree Band PWHT
of a Butt Weld in a 12 NPS (300 DN), 1 in. (25 mm) Wall Thickness Pipe

Application Example: Piping as below:
Pipe: 18 in.

Wall thickness: SCH 140 ~ 40 mm

SB (Soak Band):? — 118.6 mm

HB (Heated Band):? — 512.5 mm

GCB (Gradient Control Band):? — HB+4JRt — 512.5 + 4 V188.5 x 40 = 860 mm
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According Figure 1 and Table 7 — SB=W + 2t —
W = According to FIG. 3 of PFI-ES21, ES35 shall be calculated

) ?(I.Smm:to.ii mm) & (0 ~ 0.8 mm)
@ L —i Y
- (G (0 ~2.34 mm)

FIG. 3

FOR NOMINAL WALLS OVER %" (22mm)
Source: PFI-ES21

A =40 mm
B=19 mm
W=({IfLand Y =0 and G =2mm)
(tan 37.5°x 19=14.6 mm x 2=29.2 +2 =31.2 mm)
(tan 10° x (40 -19)=3.7 x 2 ="17.4)
W=31.2+74=38.6mm
SB (Soak Band): 38.6 +40 +40 =118.6 mm
Pipe =18 in. —» (OD =457 mm — ID = 0D -2t —» ID =457 — (2 x 40 mm) — ID =377
Hi=3
R = inside radius. R=377/2=188.5
HB (Heated Band): Larger of:
Larger of: OD2 _ ID2

L

H.

1

+ (ID)(SB)
oD = or SB+4./Rt
1-118.6 + 50 =168.6 mm — or

SB +2in. (50 mm) or

234216
—3336—— 72—
—66726—
20884942129 —
__3_[(45%&45—7—)-(3%%’%‘-) N ]
,. HB = 2 = = 5125 mm

3.HB = 118.6 + 4 V188- — 1186 +4+V 7540 = 466 mm

According to Table 8 — Larger of: (1= 168.6), (2= 512.5), (3=466)
So HB =512.5 mm

5L 990 I, wldes 1 (Required Heat Treatment) 332.4 3l 51,0 -
g alsl 33111 GISIL b gillae 0l ail oo (5900 5yl Sllos ) 0,150 4 Ly aSile;
55 Sy 50,5 o3 9 oyols JS 1 (Hot Bending and Forming) 332.4.1 &I 51,1 -
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ples yo Syl Sldes 0,5 &y9a P-Nos. 3, 4, 5, 6, and 10A sls JL e oo ,S o> 9 oole S 5l o
Qb 331 GISTL L @las wub Sldee &)l a0 g o) o .ol (o (5900 b Culies

hot bent and hot formed piping ;| Ko ol YAV ga8
Sy S ygeas 30,5 o3 g oyl JS& 51 o 1 (Cold Bending and Forming) 332.4.2 &l 51,1 -
33111 Jgoz jo a5 azsl sllae Sllae &)l ax 50 g loy Gae Sole, b g b cules (oled 515) (&)l Sldes

nadly L3l 92y 5 Ll s 51 S 52 aSid j90 50 Cansl 03 (00 00,4

o5 go0ds aplims (Jsb oboj) (Sael S 1iSlas Syl « P-Nos. 6 b P-Nos. 1 sla U e (sl — (a)
waseia o ol Job obsjl Bla> a0 50% 51 cyols IS g 0w (5, Ke3 51 o (fiber elongation) Jb e Job
sz aali s 3o b, IS, e Cualind 5 5 8 Slainie (sl (ol U5 o 5ad Cgr 55 ) o
15 i olai Lylyd o a5 WS o walyd | lisabl ol 6,3 b ool U5 ail )b g aly) bl a5 sgas Ll
Sl 3 Ol om el om Bk 1, o sl oy 10% JBlao asls &, SSaal (25 i o Jl e 5 sy
Dged (Shg pi el

@yl send dloms (Jsb obojl) (Sael (15 iSlas aSule @)l 4,0 cud @ 5l o5 Jbyze sl - (b)
Dles 59l oo, 5% 51 ppels UK b 0,5 (6, Kes 5l o (fiber elongation) L e Jsb
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sl oad | aes ' I b Lws assbes — (C
2 S e R e 9 3
u|'--|-“ : .

I

Cold formed piping ;| Ko ol YA gl
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25 H5 90w HI5 U pai tas gi — sk

axye VYo o90m) (b galbeiul Ol azyo 5 Sl azye jo SYed (g5, » T G g5 e 0w I8
(A1 L 5l 5 0l) 00,5 o bl o IS 008 pll (o ,Ssle

£ 0pS Dygo 56 galiiul Oyl az o YL i)l 4y j0 V58 g9y » &S G g5 e ie,S U
2,5 (L 5B cowl 4 o] hos 5 556 calbesl o oS B 1, oV 0.5 IS glp Joe ,0 098 oo 0duels
(Az b3 5l YL oS o

Table 302.3.5 Weld Joint Strength Reduction Factor, W Jsu>-

Table 302.3.5 Weld Joint Strength Reduction Factor, W

Component Temperature, T;, °C (°F)

427 454 482 510 538 566 593 621 649 677 704 732 760 788 816
Steel Group (800) (850) (900) (950) (1,000) (1,050) (1,100) (1,150) (1,200) (1,250) (1,300) (1,350) (1,400) (1,450) (1,500)

CrMo 1 0595 091 0.8 082 077 0.73 0.68 0.64
[Notes (1)-(3)]
CSEF(N+T) e e e 1 095 091 0.86 082 0.77
[Notes (3)-(5)]
CSEF R | 0.5 0.5 0.5 0.5 0.5 0.5
[Notes (3) and (4)]
(Subcritical PWHT)
Autogenous welds in aus- ...
tenitic stainless grade
3xx, and NO88xx and
NO66xx nickel alloys
[Note (6)]
Austenitic stainless grade ...
3xx and NO8Bxx nickel
alloys [Notes (7) and
(8)
Other materials [Note (9)] ...

ASME B31.3-2016-Table-302.3.5 Jous Y33 o
(302.3.5 Jgoz @ b o) S sleislosls
Sleds> 4y o)Lil 1aad 331.1.2 Other Heat Treatments G3I 51,L g, > Sldas Gy j0 a0l 4y axg5 L) :lgaiiloosly
yebae yed 4y ol Elevated Temperature Fluid Service g, o 45 (spiral-helical seam) oo ,lo 4 Jsb
99 ¢l dadd 1l by coad Vo) clblool 4y o)Ll add ail o CrMO sloo¥sd a5 bgy o Jol i, Jgoz ol )0 s>

(ol 00 daz 5 ulslooly

2l ooz sloo¥gd Jald (ol 095 (slasVgs )
 cr-1Mo, 1Cr-Y,Mo, 1Y, Cr-Y,Mo-Si, 2Y,Cr-1Mo, 3Cr-1Mo, 5Cr-4Mo, 9Cr—1Mo
PWHT 5> clas e 55 b oo 5 sl elle s (spiral-helical seam) e 5 Jsb sleor

il 0 341.4.4 0r 305.2.4 SIS L sllas s 9 90 ligles] anil 48,5 13 ol

Sl jobaze Yazsl) sl (8 (S39 20,5 (0.05 C WE %.) 51 o b (sl sl g Jlie JL3 ()8 jlada Y
0S oS5 341.4.4(b) BILILL 4 LialesT Sl ey (0l 0.05% 51 it b gsbas Jlio S )5 duoyo aS
L ssbes (SAW-Submerged Arc Welding) o, Kag> S (oL 5 3L caols) o oL asls
(Basicity index of SAW flux >1.0).a5b 1 51 jiies
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YL &l ax 0 b Yl o g o : (Elevated Temperature Fluid) 305.2.4 &I 51,0 -

(Spiral) sz o 5 Job by (sole W &y a0 b ¥l (slomy o 5 M ) 450 b SVl s
Lulgs wisd Linles] Sigul il o by 3, 5530], bawsgs 100% sk ol P-No. 5§ P-No. 4 lo Ji e 4o
Ko 0dds 00ls b Jlop SVl gy sl 341.3.2 Jgax 50 9341.3.2 GISIL o a5 cusl sllas bpdy
Al oad aseie 6,500 sk aSiyl

YU &)l a0 b &Ylow gy —iole;l - (Examination Elevated Temperature Fluid) 341.4.4 &1 51,1 -
g bawgi a5 gogux UL Lyl jo ooy el 0ga> U b YL Ol > ax o b OVl gy slo o215 dg)
g e 341.3.2 Jgam 10 9341.3.2 GISIL yo a5 el )] llas 5 pdy lales aigd Liolejl ool asiv
23,5 Lasine (6,500 ek b 04 00 I Severe Cyclic Lul s Sl asi! Ko ol oo 0ols 7,8 Jlo s Jlow
fp) O)lge sliinl 4 09d o0 00, G 341.4.1(a) BI,51,L Sl - (Visual Examination) eie isle;] - (@)
gy Giolesl b sas axslu <lyx les (1)
B u.wl.n)] AL oYlas! ).aL..: 9 0D g 0l 09, SYlas! rﬂl.o..’ —(2)
do &)l 00,8 sl Slalats g sl i 5 Como b wigd Galejl b o (a5 dyf i 8)l3e s4en —(3)
o, Lyt ol o b a8 aly) oS > oS 55 o> pliebl b wisd S Wb cold spring bl 5 law,s
WA g Gl HLES L 000 (o oD 0 e (shutdown) Sy o Sldos ahad g (5005 0 g0 Sldas (g5l
g wasls> 095 sl o

L 341.4.1(b) SI51,L 0 700 wlasle;l byl (Additional Examination) Slol olisl;l - (b)
Ngd (o0 03,10 p e sl

Lzl 4 P-No. 4, P-No. 5 sle Jb e o spiral (helical seam) o b 5 Job slebg> csln ~(1)
s 100% ks 344.5 B1SL L oyl ol oids als 0sds Cons b Slaseio 5 b illas 45 olpiond (clds>
gt Sigusl gl s 100% sk 344.6 SILF1L L llas by 3,50,

s a5 P-No. 4, P-No. 5 sl b, 40 b Branch obleasl oVlas! slesg> 9 Socket slsg> —(2)
3L xle L (MT-Magnetic particle Test) cwabliae &3 gledg, 4 ol il oois Ssgul gl b 81,5901,
gl ieles] 344.3 or 344.4 o 1510 L sl (PT- Liquid Penetrant Test)

(S 5y 5ked 5l oslinal g (s glial L g sleedsr sl Sl 9,50 Bl lialesT - (€)
3 Jbe s g S8 sleses - (Additional Examination Required for Autogenous welds)
&, ,S9> (Autogenous weld) L5 g0 a5 gl dJg) Vb USG5 b o] slaslT g cuw] o5 K55 slaoYgd
expansion joint bellows w¥lail o5 |15 G e e liolej] 0,90 JUbye Slasin b gllas wb oo
Oiole;1 [X302.2.2(0)] GIS1LL L sllae b ol ooy (5, Kisg> (Autogenous weld) |Ssys gl oS Sgo ST
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APPENDIX X
METALLIC BELLOWS EXPANSION JOINTS

(Design requirements of Appendix X are dependent on and compatible with EJMA standards.)

X302.2.2 Examination.

(¢) After forming, a liquid penetrant examination
shall be conducted on all accessible surfaces of the weld,
inside and outside. Welds attaching the bellows to the
piping, etc., shall be 100% liquid penetrant examined.

ASME B31.3-2016-X302.2.2(c) &I, X+« g

okl (Examination) [X302.2.2(c)] &l 51,L -
D99 Oy 3 JF1S zokaw oles (liquid penetrant) 336 sle iolej] (sabwss b (forming) yols JSK& 51 am
4 S9,I5T (expansion joint bellows) w¥lasl sleiss S 18 iolosl )90 aiil oo (gwyiws b8 a5
Sigd (liquid penetrant) J30 sule s o 10 o &g b o pué o (PIPING) 25 g g
D98 oo Jlee! 341.4.1 (c) BI51,L ol : (Certification and Records) ols,l55 g o aslalss - (b)
Sli,l58 g e aslinlsS : (Certifications and Records) 341.4.1(c) &1 51,4 -
walyd ple g ols ;S (Certifications) b asliualsS cw)p b b oo iolejl :oli,155 5 b aslialss - (C)
ke 4 L) ail e ool asiw (Grades) slows 5 les 51 (Components) s>l 5 o JU yie a5 05 (yiolao
00iS ileT sl ont ool LT (g5, 2 p3Y cslgznd s Sliglosl o > Slilas 5 (o i 23 Slaaseiin (gl,lo
sl 0 bl wsiigs yb 5 08 oS S el plas aSiyl s e a0 @] a3l 4 (o dnlipnlsS ol
ASME B31.3 Para. 341.3.1 &I ,51,L glae :aisS
Sl Oldes as JelS 5l o wb P-Nos. 3, 4, 5A, 5B, 5C, and 15E sl e !y NDT olagb;]
¢4 plesl (PWHT)
i b sl 533 e plol (Branch) lebassl isr 55, 85 Slslei] 45 b LS s
Sigd sl o Saddle L Reinforcing Pad

341.3 Examination Requirements

341.3.1 General.
(a) For P-Nos. 3, 4, 5A, 5B, 5C, and 15E materials,

examinations shall be performed after completion of
heat treatment. However, examinations need not be
repeated on welds or portions of welds that are subjected
to additional heat treatments and have not been repaired
by welding.

ASME-B31.3-2016 5.k wsi plol oloj (25 5l om b il (NDT) a5 Sl o ¥4V pguas
LIS : (General) 341.3.1 &1,51,L s
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Syl Sldes yod oSS 5l s sl P-Nos. 3, 4, 5A, 5B, 5C, and 15E sla Jb i sl —(a)
(o) L2l 5> Shlas oyme 15 85 ledyz 5l i b leds 55 2 oJlme 9555 ol NDT clislos]
25l o3 (NDT 1,85) NDT saze iolosT 4 (g5ls 03l atilas yeans g oil 423,518
Lol GLELL ol 4 2014 Lo s ax & However, coend 5l .ol sas 250l 2014 Jlu o GLI1L oyl s
S Az gl e ol 4 kel oo &y Lie Interpretation: 22-33 i b coad adlol caand 1l g Canl 003

ASME B31.3 Replies to Technical Inquiries
INTERPRETATIONS VOLUME 22 April 29, 2008 through October 5, 2009

Interpretation: 22-33

Subject: ASME B31.3-2006, Para. 341.3.3, Defective Components and Workmanship
Date Issued: October 5, 2009

File: 08-473

Question: For a weld repair to a portion of a circumferential weld that was completely examined,
does ASME B31.3-2004, para. 341.3.3 require that only the repair weld area be reexamined after
the repair?

Reply: Yes, unless the materials are P-Nos. 3, 4, or 5 and heat treatment is required; then the

entire weld must be reexamined after completion of any heat treatment [see para. 328.6, para. 331.1,
Table 331.1.1, and para. 341.3.1(a)].

Interpretation: 22-33 ,&5 XY ,gas

oS o5l end g Cawl 00y NDT lS johay a5 oo b9 :Jl5w : Interpretation: 22-33 & e
oonS Caomnd 12 Gl 03Y yens 5l o ASME B31.3-2004, Para. 341.3.3 bl 5 LT el ous
05,5 NDT _slejl Toazms s> (goud

ol o wnsl awsls gyl oldee @ jlo g auilb P-Nos. 3,4, 5 e9 5l o b jie aS0) S s :0lg> @
253 NDT tolejl Toazme ()12 Slos 0d JooS5 5l Gy Shoz o S Sl )90

[ Table 331.1.1 Jgu> 3341.3.1 (a) 3331.1 §328.6 BISIL oS o] @

09>y IS sl P-N0s. 3,4, 5 sl b yie glp a5 cosl onls 08 Colio 4y s (pl j0 098 s S

341.3.1 (a) SI51,L M e w06 NDT zoles] ooz ol Oldas ol LSS 5l s

ASME B31.3 Replies to Technical Inquiries
INTERPRETATIONS VOLUME 24  April 30, 2012 through December 16, 2013

Interpretation 24-30

Subject: Para. 341.3.1(a), NDE After PWHT for P-Nos. 3, 4, and 5 Materials (B31.3-2010)
Date Issued: December 16, 2013
File: 11-1769

Question: A piping assembly made of P-No. 5 material consisting of several welds is furnace
heat treated and radiographed. One of those welds is defective and repaired. The assembly is
then heat treated again. Is it the intent of para. 341.3.1(a) that all of the welds in that piping
assembly be radiographed again?

Reply: No.

Interpretation: 24-30 ,wis ¥+ Y o
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Jolis a8 P-NO. 5 b e 5l oas aidls (Jguwl) oS alg) azhad G : Jls. : Interpretation: 24-30 ,..a5 o
U"‘ )‘ «.‘;i‘ ] 00 u>_9‘)§9.:b‘) B 03 ‘53)‘)9- g_:L..Lo.C co)95 u_is B LL..:‘ u.\.wl.» < &)""9})’“" (R
oas Il Sldes 0,58 0 Ioazme (Jouml) iS5 g axkad g 0l 03905 juons 1531 g 009 Cogune Lpiigm o
(Uge) o5 alg) anad ol 1o a5 Slpdigr yu sded a5 col 0l 341.3.1 (a) GBI 51,0 jelaie LT ool
fais,5 S5 gl 505 b ad,lo 5e>g
6)-A-> A_J‘j} ®
o el p3Y 558 2ol 341.3.1 () &I31L L Interpretation: 22-33 ois & ol a5 (gl Utalas —s
e ol yor R 55 0,2 6 b o 4ol Ygane 05 ail,| Interpretation: 22-33 s gly 4ol
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7.11.2 Post weld heat treatment (stress
relieving)

The necessity for post weld heat treatment shall
be determined from the applicable equipment
design code or standard. In the absence of
specific requirements from such codes or
standards, the requirements of ASME B3 1.8
para 825 shall be followed.

Stress relieving of welds in pipes of API Spec
5L Grades x60 and above, shall be carried out in
the range 560 - 600°C. Stress relieving of welds
i all other grades of carbon steel shall be
carried out in the range 580 -620°C. The
holding time shall be 2.5 minutes per millimeter
wall thickness, with a minimum time of one
hour. The heating and cooling rate shall be a
maximum of 300°C per hour.

Pipe ends shall be covered. when stress-
relieving welds, to avoid draughts inside the
pipe. Threads and gasket surfaces shall be
protected from oxidation during heat treatment,
if there is no subsequent machining operation
which will remove any damage.

Nov. 2009 /1Y AA o4l IPS_C_PI-270(2)

A sufficient number of thermocouples shall be
used in order to give a reliable temperature
measurement. On pipe less than 8§ inches
nominal diameter, one thermocouple is regarded
as sufficient; those- with a diameter of DN 200
(NPS 8) to DN 500 (NPS 20) shall have at least
two at 180 degrees between each other, and pipe
with a diameter of above DN 500 (NPS 20)
shall have at least three thermocouples at 120
degrees between each other. In no circumstance
shall the distance between two thermocouples
be greater than 800 mm, measured around the
pipe circumference.

Post weld heat treatment procedures shall be
submitted to the Company for approval along
with the WPS and WPQT record, prior to the
commencement of work. (Add.)
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5.4.214 PWHT

The addition of PWHT or a change from the ranges or values specified in the procedure each constitutes an essential
variable.
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825 STRESS RELIEVING

825.1 Carbon Steels

Welds in carbon steels having a carbon content in
excess of 0.32% (ladle analysis) or a carbon equivalent
(C + % Mn) in excess of 0.65% (ladle analysis) shall be
stress relieved as prescribed in the ASME BPV Code,
Section VIIL Stress relieving may also be advisable for

welds in steel having lower carbon content or carbon
equivalent when adverse conditions cool the weld too
rapidly.

825.3 Different Wall Thicknesses

When the welded joint connects parts that are of differ-
ent thicknesses but of similar materials, the thickness to
be used in applying the rules in paras. 825.1 and 825.2
shall be

(@) the thicker of the two parts being joined, measured
at the weld joint

(b) the thickness of the pipe run or header in case

of branch connections, slip-on flanges, or socket weld
825.2 Wall Thickness fittings
Welds in all carbon steels shall be stress relieved when

the nominal wall thickness exceeds 1% in. (32 mm)
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825.5 Connections and Attachments

All welding of connections and attachments shall be
stress relieved when the pipe is required to be stress
relieved by the rules of para. 825.3, with the following
exceptions:

(a) fillet and groove welds not over % in. (13 mm) leg
size that attach connections not over NPS 2 (DN 50)
pipe size

(b) fillet and groove welds not over 373 in. (10 mm)
groove size that attach supporting members or other
nonpressure attachments
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434.8.9 Stress Relieving

(2) Welds shall be stress relieved when the effective
weld throat (see Fig. 434.8.6-2) exceeds 1Y% in. (32 mm),
unless it can be demonstrated by welding procedure
qualification tests, using materials of the same specifica-
tion, type, and grade with an effective weld throat that
is equal to or greater than the production weld, that
stress relieving is not necessary.

Welds in carbon steels having an effective weld throat
larger than 1% in. (32 mm) and not larger than 1% in.
(38 mm) may be exempted from stress relieving if a
minimum preheating temperature of 200°F (93°C) is
used. When required.
the welding procedure qualification test shall include
stress relieving and/or heat treatment of the completed

test joint. The postweld stress relieving and heat treat-
ment requirements in ASME B31.3 or Section VIII,
Division 1 or 2 of the ASME Boiler and Pressure Vessel
Code may be used as a guide for minimum stress reliev-
ing and heat treating requirements. The thickness to be
used to determine the stress relieving requirements of
branch connections or slip-on flanges shall be the thick-
ness of the pipe or header.

The thickness to be used to determine the stress reliev-
ing requirements of branch connections or slip-on
flanges shall be the thickness of the pipe or header.

(b) In welds between dissimilar materials, if either
material requires stress relieving, the joint shall require
stress relieving.

ASME B31.4-2019 o laibeul jo olsy 25 ¥V g
(115 00) 5l 5SosS 5 Gracken Y1) (1 Vg i0) 51 i Wil sz 0 3o ol &5 (a5 slasVss
o0 ol 200 °F(93 °C) Jilas b o Sty 45 o 4 30,8 Blaa olo) i3 5l algs oo il Ganoo ¥A)
b S5 S35 e Bl s S0z il b e a5 ke b il 55 5y
oo 6 gz Jlasl 5o wlile b ols; i ol aob PQR s wsly o3 asiliz 00,5 Laseie WPS o
Lo, G aslie & wils 0 ASME Sec. VIII Div. 1, 2 L ASME B31.3 s lsstewl ;o PWHT wlll ol
Slip-On slgzeils L Loleidl o¥lasl jo 0.5 1,8 soliiwl 0590 «olo; 25 5 &)l Sldee Sl Blos sy
b (Header) joa b g cuwlus b 0,8 o 1,8 soliiwl 5,90 oo (s Slel3l cpmad (g1 a5 sales
sl il 4805 5 o i s el 51 oS o amslir e i il e ot itz - (D)
2,185k (PWHT) & 55 sl (s Sog>

API 650-2020 &yl 53 3103 i — 1

&l opsd oy sl (PWHT) oo o5 - m

5.7.4 Thermal Stress Relief

5.7.4.1 All flush-type cleanout fittings and flush-type shell connections shall be thermally stress-relieved as an assembly prior
to installation in the tank shell or after installation into the tank shell if the entire tank is stress-relieved. The stress relief shall be
carried out within a temperature range of 600°C - 650°C (1100°F - 1200°F) (see 5.7.4.3 for quenched and tempered materials)
for 1 hour per 25 mm (1 in.) of shell thickness. The assembly shall include the bottom reinforcing plate (or annular plate) and the
flange-to-neck weld.
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5 —was Thickened insert plate 5,5 L 4oy §,5 (55, » b Wgdoe cuad yowdie YO 31 iy Cwlbes b (098 0
S5 S glp 600-650°C &)l > a0 (so0gama ;0 wb caas 5l 8 ool aslo oo (GaSgome g Jigd (5, Kbg
Sledgr Jold a5 cans (g3ls olo) (il Oygp ain )5 0lo) (AT o)lens Cwlrs I ede YO o sl5l 4y el
il o 0351 2 5 Lyl oS3T g e a5l gt 4y by J3b aly) Slilaie L S5 o) o gl
(oS o5 5.7.2.4 GIS1L a) asl ughs 059> 5l 7,5 ,0 Lte>— (@
(Butt) LJ a4 oJ [5e> slal b wuless 396 16 mm 1 Slip-on g45 zils G o Fillet o8 24> olul = (b
Jolos b o) SKag> 50 Jbye ST bt j5s 19 mm 1 (Welding neck) o> 00,5 md8 G jo
b 3838 mm ¢ 32 mm b S5 wly o 19 mm g 16 mm gevgume 54 0,5 2w 200 °F(93 °C)
w85 a0 Juehl (g0e> 5l i Glgie 4 Wlg o Kid SO sdly 5l p5 leise - 5.7.2.4 GISIL -
il o0 aie 5.7.2.3 GILFLL 51(€) eyl Ay iyl S0 g
Cuald pln ez Jolae (ol alold b ojls slaial 2l Byl @y a5 (350 (saiw G5 (215 gl Sl i - (@
il 0,5 oy LalS s pss alaii b 50 syl go,lse alold ol 4o 1L 36 sals) oo,lseo
Lol 0030 5 ablal 350 0 )la> Cwles diwgs a5 56 sdlg) lamo I siisn — (b
oals Laseive YU 40 (@) ;0 a5 (gl alold b 4l slatel J31o GBylay )35 (saids 5y A3 mhaw 5l aS 5w - (C

ew!

(See Figure 4.1a and Note 1 below.) Table 4.4a—Material Groups (Sl)
Group | Group ll Group lll Group llIA

As Rolled, As Rolled, As Rolled, Killed Normalized, Killed

Semi-Killed Killed or Semi-Killed Fine-Grain Practice Fine-Grain Practice
Material Notes Material Notes Material Notes Material Notes
A283MC A131M B 6 A573M-400 A573M-400 9
A285M C 2 A36M 5 A516M-380 A516M-380 9
A131IMA G40.21-260W A516M-415 A516M-415 9

A36M 3 Grade 250 7 G40.21-260W 8 G40.21-260W 8,9

Grade 235 3 Grade 250 8 Grade 250 8,9
Grade 250 5

API 650-2020 s lasbew! jo (HIA, IIL 1T, I) slo 09,5 (sldU jio Concd ¥NY 39005

Ll plas (MVF gm) wil VI V, IVA, TV ola 05,5 51 o550 iy b e aSeidy — 5.7.4.3 &8I 1)L -

L (39 (o0 03 IS (ol (59 9 4 (39 s> 4 45 (5 mses (3,9) Thickened insert plate 3,5 b w50 &9
S 48geme g Mgl (6, Khe> 9 cuas Thickened insert plate 5,5 b 4oy 5,9 4 45 12.5 mm i cubks
S e 4600 °C - 650 °C (1100 °F - 1200 °F) &) > ax 50 (gosgamme ;0 (gl coai 5l Ju8 ooty azs-Lus
00t 5ol 5 eSSyt o cYLail 5 Ldsh By 59,5 sy i o lges Cesled | yieslie YO 4o ol 4 el
=10y pias Sleldlasl iy JU e 0,5 ped Oyl a0 5l il gloy (iSOl az o S Tas il oulds sl
S (g §y9 4SuBy (g 095 03, LS, (Bottom annular plate) s S, 559 sledex 0590 50 Wb
Slalloss 000, )G ol i Flush-type gg5 5l 550 6,5 jued slo 4 )0 8,90 ,o ol Annular plate
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Y] = by i ail o Jago g 3L sl alg) oYlasl Lo b g dlgd a4y il slodigr ol cans g5k oy i
Sk oo cole, 5.7.4.2 GISIL Lyl
Table 4.4a—Material Groups (Sl)

Group VI
Group IV Group IVA Group V Normalized or Quenched and
As Rolled, Killed As Rolled, Killed Normalized, Killed Tempered, Killed Fine-Grain
Fine-Grain Practice Fine-Grain Practice Fine-Grain Practice Practice Reduced Carbon
Material Notes Material Notes Material Notes Material Notes
A573M-450 ABB2M C A573M-485 9 A131M EH 36
A573M-485 A573M-485 10 A516M-450 9 AB33M C
A516M-450 G40.21-300W 8,10 A516M-485 9 AB33M D
A516M-485 G40.21-350W 8,10 G40.21-300W 8,9 A537M Class 1
AB62M B ISO S275D 8 G40.21-350W 8,9 A537M Class 2 12
G40.21-300W 8 ISO S355D 8
G40.21-350W 8 ENS275 8
IS0 5275 C 8 52‘ §3K525) 8 A737M B
sosmsc | s e [
v | N s [T
EN355 JO 8
Grade 275 8

API 650-2020 s Jsitil ;5 (VL V, IVA, IV) (6la 05,5 slodls yio e TVF g

A4-4a Jguzr 4 by po sleabloly

Lol o (S 5 0,8 oz 5D ASTM sluibiul & by po 00 Cond Jlyie Slaseion glo o,lad il -1
E355 4 E275 Glaas S el CSA Glasin 4 by (0,5 alex3) G40.21 wo)ls s42g cliinl s ]
5 w5yl 1,8 EN10025 s (oS ale3) S355 3 S275 lawy 5 5 wyls 1,3 ISO 630 ;o (cosS aloxj)
(oS o5 4.2.6 GILE1L a) il o o oo luiliul 4y bgs e 275 5250 4235 slawy 5

b (killed) aes Y48 L (Semi-killed) aies aes o¥gd sl -2

0b20mm b b eS culis -3

ol B> -4

4 aSl e il 0.8 ~ 1.2% wub 0,65 51 605 ages 5dUT jo 35w Jlaie 20 mm i jiics sl culbs sl =5
Sl 5l i 0.06% o3lail 4 Wil o 355 Hlade odd asuie (S lade iSlas o zels 0.01% e
5 3550 ke 20 M 5| a8 by il clezolies gl sloss 55l 1.35% 5l a8 Ll b wil oo _aseiee 55
2L 0.8 ~ 1.2% 0,95 51 (605 aiges 3JL]

AL 25 mmb plp b S cwlbs -6

b (killed) oo aes b -7

b (Fine-Grain) 5, als 4 (killed) oo aczs ool -8

2l e alh -9
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o5 4.2.6.4 SIS ) 00,5 ol 1.6% 3% Jlaie jiSlas 3 0.02% )8 Jaie iSTas b ol 56T b -10
(35
o ol (TMCP=Thermo-Mechanical Control Process) SlKe ob,S Ju8 anlp albws -11
sk
@) 35 (o0 plonil oad olo; (i sl degere (sl ead (5ile and Cud sl Wiged (59) p AT ol sl -12
(S o185 5.7.4.6 G151
(05 o155 4.2.10 BIS1L 4) (59 o 00 3,55 byl 45 Gyg y2) dspd Cen el gl —13

Wb 723765 7.2.3.8 GIELL L gllae b ol (i 5 am wlisle;l = 5.7.4.4 GIS1L -5

Al 5.7.4 GISIL 1o oud 0ol gy onds 05 LhiS (gl Aegare god JeaSS clodgz — 7.2.3.7 BLSL —x
gl s MT iblie @l)d lind alowsy 5 5 (sodr &g Slial 5po0m s 51 LS (s (2105 (25 51 o
35,5 18 Giolesl 0,90 PT 380

DS 18 w3l 90,50 (5.7.8.11) GIS1L L sllae b (Flush-Type) g5 w¥lasl = 7.2.3.8 &I 51,4 -

S aiks pdy o 600 °C (1100 °F) o)l ax e Jslas o ol 25 a8y — 5.7.4.5 G510 -5
S gambo Joaz b gillae 5§ SYsb loj G )0 g S sled )l az e 0wl plsy a5 a5 cdblee &g
ol ailony 25 5 (Kejizr Sl (Soe 3 (Vsb Gloj Do )5 5 yiaS Gld, o a0 5o ol S sl bl
G5 sle dged 6,05k (plply adl axdls vpdee alsy 5 S Gl g i Syl az e 5o e Gl L
Al s alwgy ] 90l GGl 5 Oz Sy pallie S Lansgi Sl o (o Ssz Glod s e b oads o
5,5 )3 alaxde 390 ol

- - Holding Time
Minimum Stress-Relieving Temperature {hours per 26 mm [1in.]

(°C) (°F) of thickness) See Note
600 1100
570 1050
540 1000

510 950 1,2
480 (min.) 900 (min.) 1,2

NOTE 1 For intermediate temperatures, the time of heating shall be determined by straight line interpolation.
NOTE 2 Stress relieving at these temperatures is not permitted for A537 Class 2 matenial.

API 650-2020 s Juilin] 5 o1 s (slad FVD 9

PYVO pgad 4 Loy e sleiilooly
Jsuz pB)l 51 Jolo ol sy (simie 5wl GialesS ploj (Jgaz o ead ool gl o syl 4z s sl -1
bl oo Slme Dl Az e ol je ey 25 AS3T CL 2 L e sl -2

o¥gs 5 AG78 Gr. B 3 AS37 CL 2 oo o5 9 gdsS sloo¥ed axl> — 5.7.4.6 G150 -
Sl el dliwg b 6K 18 soliiwl 8,90 il ool ol8) (ES (gl oo Slige acgeme o a5 AB41(TMCP)
0,5 aol il oals ooy i ool 5Lige (sacgezme wiile a5 s
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Shel plate o deanoul BSng = 1, {15 in._) min

{Sem Note §——1—
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O feilitale §mim
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il -hesight

dRrTeafhor (500 Talbdas 5.9
@ & i)+ 3 men (' L)
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1
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B-—i
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[

150 i k=300 srm—
(@in)min (12in.)min
Motrh a% requised o peovide Sush jaint under shell dng Eee Seclon D)

+|L- Fuil-Elat

o

10 rrwm £ in.) thick

Grind radiue an comer

wihen weld i bess than [,

SRR LR RGN

ﬂlrrrnU s i ) min

. R A
b T
\h}‘t\."{:'{;‘_\{{ :r{f\ 4

N 1

Iy% [+ 250 e (10 ) — T Meck bevel shal be
Min] i) (mem Mot 2} poom i ] SppRsEmatedy 10 degmes

32mm
- |:1 1y =
i) min

Figure 5.12—Flush-Type Cleanout Fittings (see Tables 5.9a, 5.9b, 5.10a, 5.10b, 5.11a, and 5.11b)

API 650-2020 s lastewl jo Flush-Type ¢4 51 @¥lasl 5 5oid ¥V8 a8
NV pgal 4 bg e slestlosly
(ondio VY iSTas) ool Jaio S50 5,9 Cuolies —)
990,54 Annular plate ;| sewd oloie 4 b ols 0985 5,9 cod a3 5 Lai o Annular plate asusg v
b Annular plate o ,e ojlasl 4 o] o ,e
o =l Jlasl ol 6mm I geS S ueds 5,9 9 Annular Ring culbks o NS aSady -V
w3l o a JolS 3585 b o o g s e S5 5K 59 5 Annular Ring
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0 0,55 g bl 3 1) gy Sl b S U yie 00,5 Lo s ,3 awsd Wb eSS U e —F
glod 03,51y Tl 50 Cunglio 5 (b Ol 4z g0 Sla G (b ol > az o
B )5S iy Omb 5o A Gy Cwlbs Sl aF 5 L Jolee Wb (6,5 sazm e 0 way 59 (Tg) cwls -0

sl

Flush-Type Cleanout Fittings s jl oYlasl g kKb 5l ols diges ¥V gm0
APT 620-2018 o yluibiw! yo 2155 s — IF

JLid oS (sl 053 oy3be sl (PWHT) loj o5 - m

(33 ) G5 sl 93T = 5.25 31,511 -

5.25 Stress Relieving

5.25.1 Definition
Stress-relief heat treatment is the uniform heating of a structure or portion of a structure to a sufficient temperature

below the critical range to relieve the major portion of the residual stresses, followed by uniform cooling. Any
proposed application of stress-relieving requirements and the procedures to be followed in each case should be
agreed upon by the Purchaser and the Manufacturer. Peening may be done if it is part of the welding procedure and
is approved by the Purchaser (see 6.7 and 6.10).

5.25.2 Field Stress Relief
A tank built according to the rules of this standard is not usually thermally field siress relieved after erection because

its size and weight do not permit adequate support at the temperature required for stress relieving. When a tank is not
to be field stress relieved, the field-welding procedure shall be one that (a) has been proven satisfactory by
experience or adequate experiments and (b) will minimize locked-up residual stresses, which are thought to be one of
the main causes of cracking in or adjacent to welds (see 6.19 and H.4).

API 620-2018 o lasbent yo oy S VA peas
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i b ojle CHESs 0,8 05 5l cul Ole 15 g5le o1 sl Sl Sldes ncay e = 5.25.1 GBI STLL -
g 20,5 oll wile e sl il plael ise U« gl gosgaze 5l 5 b S sojlasl 4 Sl a0 ool
Wigh plosl o5 alediyy 5 205 G sl 09 shos Sletn 45T 2 09 3 CSESy gk o5l )T Jlin,
Jedllygiws 5l cidu aSST g o905 solitul iy oo Peening 5l .osb eosjle 5 L35 ole 386 b b
(08 0155 6.10 §6.7 GI31,L a0 )il oo ol 15 (5 yiie Lawgs g oy S a3l,| (WPS) (6,15

5 o Vseno sgie 4l 8 lailiul cpl @l jhe b gillae a5 Sie icule jo gy s — 5.25.2 SIS0 -
Sl oy slp oY &l a2 50 50 50,8 Sjgle canlie ()] (59 9 o3l 15 0,8 (oo plmil G jo (ol i
b Colo )0 )bz (hs; 005 13 (@l 25 050 Cale o s (P S (8 il pei @) A L GBS
a8 wil (ol GF 4

5l oy Sl ey g, cnl Galejl g 42 sy - ()
sslee (28 b Ldoz 50 S5 bYo 5l (5o 05y (o gl oS oad e wilewy o 15 by, (ol Geb - (D)

(05 oK H-4 56.19 GIS1L @) g aunlys Blas ,o asl oo gl

ool sl a5 35 5l oablie a4y szl plo 5 LJ3U ) Kgm Jlasl e r0,lgp0 coslies — 5.25.3 G131l —
5555 (D + 50)/120 51 LsT sous s, Seiszr Jlasl caslies a5 slo J3b &) g wsl i 1 '/40n (32 mm) ;) o)
el 860 32 MM Colbes P-NO. 1 slo JU e sl 55,5 olo) id oyl dlewg (6, Kg> 51 20l ules
Sgd aile a5 200°F Jslas U o5 i Sldes (6 ) SKig> U 50 aSST 55 bog ie 2l il33l 38 MM cwlses b
ools lis (sledlie) ol oot iy a5 5.12 GIS1L o a5 jglailen (Compression Rings) ¢ ,laé sleSn, cuwls
22010 5l g8 le,hd Jge,8 cpl j il e ol Ll slp Oyl awgy ooy (5 (5-6 pgad 4o cal
5 o0l 5Lige g ol (6, Shgx Asgeme Syge 40 |y Syl 2185 S olgies S8y 58,5 dwle 20 10 L
55 bzl (SHOP) o515 15wyl ls yagles Jlasl o g L3h (o (Kigm ogas s b dsgazmo (ol plad ol alowl o
S5 1R Sl @l A 890 e i y0 jlse sl e 51 S

ey azgi 5 Jlie 4 Vb Jse b ol (pis; sl
$ o bl p3¥ o185 25 YU Jge,8 Gub LT ezl 1610, g il g 5l cwlies (11N1) gl SO ild alg)
(20 + 50)/120 = 0.58 1n. 15 u5 (oo k5 ,0 20 10, L ol 15T o el 365 20 100 51 e dg) ol tolg>
S cales ol b dgd lp ol (i e ol jieS (110)) Jla5 5590 dlg) cnlbes 5l saal s 4zl (o
Sl 03,5 3ol Jgo 8 a5l dlg) Cuoles Cids (o e ]
il ool ato Oy & (Flllet) &l ases ovg> dwgy a5 ‘5>|).>-‘ -5254 J‘;‘)L’ —3%

25 T a Ll oex ojlasl a5 Sla Lug L S>o5 slo 56,0 (Fillet) ol asss ig> 5.25.3 SI151,L byl
Dgud god 03,155 (]

b bl gl mhaw S 555 p 4T e Gledez b w18 o8 mhae 5 & pledisr sl - (3)
s ey o i (13 MM 51 5T 051l 5 05 s )3

3 28l on (0,5 i ) el 10 45 sl b ogen b (5] il g s, 2 s sl sl (D)
Dl e oo /g in (9.5 mm) 31 T o3l
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: (Thermal Stress Relief) ,l,> ols; a5 — 6.18 G154 -

iy e s S oo 4551 LIS ey 85 G5 Ko S 5 oy i - 6181 5L
o5 155 5 e 3 15 b e bl sa5b 59,5 5.25 ST 3.

Wil oo ol 1525 GIFIL jo 700 &l yyhe b gollae a5 55 5l sletse ols) jias — 6.18.2 &I S1L -
S S b pllan sl 428, 1S g, 0,8 5 A5 4 3 50,85 S o sl oSS 51 Jazd ) 15
sk 6.18.2.556.18.2.1

35 600 °F 5l 6,55 ,0 o5 5l oahaiio b ide ol J18 loy ,0 0,55 &)l a,0 - 6.18.2.1 &I 51,4 -3
Sl 9l

Culbes iSTam 5 s Cels 53 400 °F 51 uls 600°F 51 jis jo 0,5 0,5 e pw = 6.18.2.2 L3I 51,1 -3
el 5l sl 400°F 5l als Jlalps g co (g eadl i gl s 2 (09

ol 0 o) o )0 8 e 5| i il 5 Sl 435 c0,S p)F sl ey — 6.18.2.3 G S
6.18.2.5 GIFIL 0 a5 (60,90 sbitinl 4 ol axsls sl 250 °F 51 jas 15ft (4.5M) alols o 40 wuls
a5 5y Cwles mul S e el cele SO Soe w9 T100 °F o J8las aub &)l as 50 sl sals atdls jlxe
O 5 b 0 a8 58w v Sl G g1l 6T sl (6l 09,5 S 9 59,5 05 Al e 3 gl anils
A s @ Al e 355 5l B adl Gl 65 a4 Wb o) (b oged JRS ) )58 el ol Col

ol Joe 4y 6555l
Table 6-4—Stress-relieving Temperatures and Holding Times

et Temperaure (ours per .

of thickness)
1100 1
1050 2
1000 3
950 5
900 (minimum) 10

NOTE For intermediate temperatures, the heating time shall be determined
by straight line interpolation.

API 620-2018 o lailbewl 1o (5,005 slile; yo oloy (i slas )l as 0 ¥V pgas
16-4 Jgo> cuslosly

) IS5 oy 5 0550 Sl az )0 5l g 03503 vy | Abgyye ioeie O-4 Jouzr o)l ule lod )l 42 )0 sl
o9l o0 oy Coles il SO e sl 4
abadses b dies ;0 0,55 o 50 Wb 600°F (VU slo &)l ax 0 0 dakad 10,5 0, - 6.18.2.4 81 511 -3
Cod (Jy 955 plal il gl e 5B Cwls e e Cels 5 SO0F 5l i o8 2oy b (ogase
Ok 5o wlg oo 38 eS 5 600°F o)l > az 0 5o auled 55l SO0F 5l ol (50,8 0 e (il oo e

S 3y 331 slga
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22l g oldes wils pdy oKl 1100 °F o)l ax 0 0 oloy a5 o8y - 6.18.2.5 LI 51,0 -
ailoe Slre 6.4 Joor L gillas 55 (SYsb lej Do sl 5 56 &l ez
(_;a‘.b) U”""" 9 ‘so)iw.a ‘So)iw.u )| oolaw! 6|).v ‘5’|)_'>‘ u‘OLQ,W (H) 6w— ||
6,885 51w &,l> wldes : H.3 Post-heat Treatment (Stress Relief) H.3 &l,51,L —sesess
wl.: )L.\.o.a 6‘)‘0 ‘53’“" < ﬁl.?u‘ )LM.AS S u)l?bo K9y » 0)5).&‘ aS (_g)ls.m? )‘ ) (PWHT) (5""5) L}“"‘" A.JLA.LQ.C
G5 3| s oy Slhkes wles jalos 1 Y400 (32 Mm) 51 o5be ablie 3y culis o8y ol (gl ou
Sy il cead 3 dm 35 oyl Slhiles el ol S lge 45 il e ol 5.25 GIS1L L sille (PWHT)
5 330 Bl |y y3e lyi so bl SIS ol 35 5 ABl s 53 (8541 ol e ST 85 15 i
sy S0y 5 5| o3l 5l 5 ol Ll &S A8l (gl 5T & s Ll 3B ol el |, 5> lelae
S erSiey sl PWHT) (o) Kasz 5l Gy Gyl Slbes (85 sl alill Loty (5l olT caily sl
il ol gl el 2350l Wl (ol (g0 Sy 098 oo ol (59,55 i 5l 2L bS5
0As @Ln ‘5:_3)53)..\:..& 6L®jl§ 6‘)-.' )l..i;é ‘.‘,5 6‘ cﬁ_&S U)l’“ (Q) douwowo — N
6)15..535_? )‘l o= (PWHT)‘:)‘P Sldes - Q53 d‘;‘)b -k

o 65{( Rf)
s = 20
R\ R,

S )3 o (Sl 15= S
gl e By Swls =1
gl e » 2l bt = Ry
(W3 5o 2aled (2 b pln sl glads Blo 55 1) gl wee sl e = Ry
(PWHT) (s, Ks> §l iy ) ldee JSi5 9% 5 7% 5 5% ool sledyg sl amilir - Q.5.3.2 G151
Sl 4z gesgame L ASME  Section VIII Div.l UCS-56 GI31L b gllae sl )5 g, el ol
s il celis 2 300 OF 51 a8 wls 600 °F 51 55,8 sy sy g il 1085 °F 5 1025 °F 1y s e
Slebas 850 loy Ko 50 5 JolS Sjga Wl wis )T 5l Slbes Wb 55 o (65 2 0 5lge izl & ise b
s @S 4 &S ledSu 09l 03 6 3550 (nl o WIS oed (rdee )l Sldee Sleds) 025 1B Sl
e 4 4S5l b aly e sl o ol T (PWHT) 6, Sioz 51 oy )l o 5 il aidly 8 s IS0
S L8 Gl Sldes 5590 9305 5lge b g (5, K0s2

LY ol 5 sl slp (PWHT) Koz 5l Gy )7 Slibos (b 55k = Q.5.3.3 SIS1L -
Al (oo jlome oijle g 5y (i BP L Ko 05 plmil s ()l Sliee all (oo ogllas

ol p3Y & ciw] 5 55 slaa¥ed sl (PWHT) 6, Kas> 5l o &)l Oldes - Q.5.3.4 LI 51,1 -
5 UHA-100 glo G810 b asl onijlo b gyibe 5 do 5> Sliler azoliz Js ool ond aie 4 g
DS L8 sk 0,40 cds 4 ASME Section VIII ;s UHA-109
0uds oo DY gama (gl Lad o5 (gl 058 ()3 (R) aope - m
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(PWHT) s,Kas> 5l o &)l Sldes - R.5.3 G151 -3
4 &S 55 e 3,9 Thickened insert plate 5,5 b 4oy 5,5 0 a5 oldib ples - R5.3.1 G311 -5

S b 035 (59, p odd jlge Gaegeme g Wigd (o0 )SDsx (09d (0 000 10 (Sus (B9 9 A B9 sl
o ol 5 sledben 5 i b S0 45l Ko g o 5 ) ke s

Db J3b wless 59l G359 Jbye (oaiS plSotal JBlas 10% 51 (ol bulpd o (39,0 G jlaie — (@)
20,5 Caoll oS slo A sl

@lp Jlse Cled 5 aylei 0051 [ R2 Jsar s R2.2.2 clalill gz 5 Jb e (55 2 4200 sleiws = (b)
iyl i 0l a8 T g 5l wils 12000 5 2aS o,k a5 ledib sl b g AL 5 j2aS sy o L LJst
3L (D +50) /120 s 5 Jol> 03, 4 0900 5.25.3 GIS1LL L gollas ol oo i o900 J36

(0-1, 0-2, 0-3, 0-4) slo JL ,o 4 Figure 5-8 ;o assl alie oo 5,5l ely! 5l ded5b cugss sl — (€)
25,5 ool el oau ools lis

Backing strip, if used, may be removed after welding

Panel a Panel b
~— i ot e —
10— i [* i [+ i 1" |
| | | |
H | A" min
. i e wehn |
' | Lty |
g ! EC | | | e |
R Vo Atoast 15 (1, - o) b ‘U-'-'-':::-:ll
Panel O-1 Panel O-2 Panel O-3 Panel O-4

Figure 5-8- Acceptable Types of Welded Nozzles and Other Connections

b Cagli IV pgas
JSss eyl 55 g (ol saims JuSas eyl gl 2wl 5.25 GISIL Lls; i ol - R5.3.2 G135 L -
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Table 1: Minimum Heated Band Width for Pipe

Nominal Pipe Size Minimum Heated Band Width
19t0 25 mm (0.75t0 1.0in.) 100 mm (4.0in.)
38t0 76 mm (1.510 3.0in.) 150 mm (6.0 in.)
100 to 150 mm (4.0t0 6.0in.) 200 mm (8.01in.)
> 200 mm BW=4.12 (Rt)* + 51 mm (200 mm min.)
(= 8.0in.) BW=4.12(R?)”+2.Din. (8.0 in. min.)
Where:
BW= Heated Band Width
R= Pipe Radius (Outside Diameter)
t= Pipe Wall Thickness
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(Charpy V-Notch) & mé Cawd —(14

(GeorgesCharpy) o ,l> Bl pgas FVE ,guas
The Charpy Impact Test was invented by Georges Augustin Albert Charpy (1865-1945).

The Charpy test measures the energy absorbed by a standard notched specimen while
breaking under an impact load. The Charpy impact test continues to be used as an
economical quality control method to determine the notch sensitivity and impact toughness
of engineering materials.

The Charpy Test is commonly used on metals, but is also applied to composites, ceramics
and polymers. With the Charpy test one most commonly evaluates the relative toughness of
a material, as such, it is used as a quick and economical quality control device.

iz 55l oy S o 3 gl 0A2D —1AFD) (o)l &l riwsST 2592 QBT bwgi ()l cond
Dgh oo 55 03l gl w0 g9, Jlesl 31 (NOtCh) o L o lasbiw] diges SO St gl oo

g 4 i 50 Koz Gt lp ddpar pgjhe (S JSS Ghe) S olsm solete sl 0 (o)l Ces
sl 4385 1,5 ooliiasl 330 _swikige Slga 45 (NOtCh) Lty 4y Coplis

sl oliiasl B 55 1yl 5 LSl pos b g joralS gl Lol 5 oo o0licil l3ls (gl Logas (ol Can

@ g 5 S Rl S plem alple @S (o B 2Ll 9)9e S pes (Kejiz iy o)l s o

Dyl (o8 005 )G &2y g 480



ASME, API, AWS, ASTM & IPS... s luitiw! 51 53,18 IS
Y5

ASME Sec VIII Div. 1-2019 ,Lid e yjbo 0 496 o — LF
( Supplementary Essential Variable ) _wlul LSS &l e azsu )5 - 1

CASTI Quidebook to ASME Section IX - Welding Qualifications - Third Edition Chapter 14 241

History of Supplementary Essential Variables - 1974 Edition

Prior to the 1974 Edition of Section IX, there were only essential variables and nonessential variables.
The rules for notch-toughness applications were simply essential variables for all applications. The
Subcommittee IX decided that there were very few notch-toughness applications, and therefore, the
notch-toughness rules should be separated from the non-notch-toughness procedure qualification rules.
The 1974 Edition of Section IX was the first edition with the rules for notch-toughness separated from
the essential variables as supplementary essential variables. In this manner, the more restrictive rules
for notch-toughness need only be applied when notch-toughness is a requirement of the construction code.

ASME Section VIII, Div. 1, UCS-66, UCS-67, and UCS-68 require that a minimum design metal
temperature (MDMT) be established for all vessels built to the requirements of the Code and an
evaluation of the operating conditions of these vessels to determine if impact testing will be required.
Section VIII, Div. 1, UG-20 requires the MDMT to be established for the lowest operating temperature,
operational upsets, auto-refrigeration, atmospheric temperature, or any other sources of cooling. These
“UCS” rules were introduced into ASME Section VIII, Div. 1, in 1987, and have caused a large increase in
the requirement for impact testing and the application of supplementary essential variables for the
qualification of the WPS. Section VIII, Div. 1, Part UHT also requires impact testing for the ferritic
materials with properties enhanced by heat treatment, and there are additional rules in ASME Section
II1, ASME B31.3 and other construction codes.
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UG-84 CHARPY IMPACT TESTS
(d) Impact Tests of Material

(1) Reports or certificates of impact tests by the ma-
terial manufacturer will be acceptable evidence that the

(2) The Manufacturer of the vessel may have impact
tests made to prove the suitability of a material which the

ial h . £ thi h material manufacturer has not impact tested provided the
material meets the requirements of this paragraph, pro- . mher of tests and the method of taking the test speci-

vided the speci'mens comply with UCS-85, UHT-5, or mens shall be as specified for the material manufacturer
UHT-81, as applicable. (see UG-85).

ASME Section VIII Div. 1-2019 b e 6l 5Ls 0,50 4 p0 Cans XYF yga
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UG-84 CHARPY IMPACT TESTS

(h) Impact Tests of Welding Procedure Qualifications
(1) General. For steel vessels of welded construction,

the impact toughness of the welds and heat affected zones
of the procedure qualification test plates shall be deter-
mined in accordance with (g) above and the following
subparagraphs:
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Figure UCS-66M
Impact Test Exemption Curves
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@ Lo soolitul 0550 JU ke sl aS!l gl Casla oo (ol 51 (S 4 by Jbye 0 UCS-66 Jloges 3ubo
aSl 5l el loges ol sl coise 5l SCslaST 4 bgyye Lo by el b el B Lo ls 5l e cs
oS o0 daxlye gz pl A ol asie b Jb e Jise
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Figure UCS-66M
Impact Test Exemption Curves (Cont'd)

NOTES:
(1) Curve A applies to: = mm—mm———
(a) all carbon and all low alloy steel plates, structural shapes, and bars not listed in Curves B, C, and D below;
(b)SA-216 Grades WCB and WCC if normalized and tempered or water-quenched and tempered; SA-217 Grade WC6 if normalized and
tempered or water-quenched and tempered.
(2) Curve B applies to: g —————
(@) see below:
SA-216 Grade WCA if normalized and tempered or water-quenched and tempered
SA-216 Grades WCB and WCC for thicknesses not exceeding 2 in. (50 mm) , if produced to fine grain practice and water-quenched
and tempered
SA-217 Grade WC9 if normalized and tempered
SA-285 Grades A and B
S5A-299
SA-414 Grade A
SA-515 Grade 60
SA-516 Grades 65 and 70 if not normalized
SA-612 if not normalized

UCS-66M oges slo sowe ;0 Jbye (gais aiwd YY) g
il Jlo —sesess
oS aseie 1, SA 204 Gr C 4 SA 671 CC 65 3 SA 537 CLII 4 SA 516 Gr. 65 & 70 sl e oo
e 4 laie Fig. UCS-66M (2)(a) cuslool b gllae aizncs 50l 9> SA 516 Gr. 65 & 70 skl o
sizes (B)
ol (D) s 4 laie Fig. UCS-66M (4) cuslosl b @llae SA 537 CLIT U yio -3
Lol (B) simvie 45 3laie Fig. UCS-66M (2)(c) ceislool b gsllae SA 671 CC 65 JU yo -
Ll (A) Gowe 4 3lae Fig. UCS-66M (2)(a) coslool b sllas SA 204 Gr. C Uy -
Dgd (o0 pasuie (Jbyie 1o (o 398 Jgu 4 axxlie b Gl pls
ip9d Jlio —sesiesk
o b Ll ol oais b loges gz 5 40 b U j%e Cad y0 Jbyie ol 5L SA-106 Gr. B s 5,50 b y0 3
Ll (B) Jfages 4 935 (o Loy e SA-106 GI. B Ly 4 035 (0 920 (B) Jlogei & bogsya (€) cuslosls 59
395 &35 (B) Lloges a5 boga e (€) clooly

(c) all pipe, fittings, forgings and tubing not listed for Curves C and D below;
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Figure UCS-66M
Impact Test Exemption Curves (Cont'd)

NOTES (CONT'D):
SA/EN 10028-2 Grades P235GH, P265GH, P295GH, and P355GH as rolled
SA/AS 1548 Grades PT430NR and PT460NR
{b] except for cast steels, all materials of Curve A, if produced to fine grain practice and normalized, that are not listed in Curves C and D
below;
(c] all pipe, fittings, forgings and tubing not listed for Curves C and D below;
{d} parts permitted under UG-11 shall be induded in Curve B even when fabricated from plate that otherwise would be assigned to a
different curve.
(3) Curve C applies to: ‘—_—_—_
{a] see below:
SA-182 Grades F21 and F22 if normalized and tempered
SA-302 Grades C and D
SA-336 F21 and F22 if normalized and tempered, or liguid quenched and tempered
SA-387 Grades 21 and 22 if normalized and tempered, or liquid quenched and tempered
SA-516 Grades 55 and 60 if not normalized
SA-533 Types B and C Class 1
SA-662 Grade A
SA/EN 10028-2 Grade 10CrMo 9-10 if normalized and tempered
(bj all materials listed in 2(a) and 2(c) for Curve B if produced to fine grain practice and normalized, normalized and tempered, or liquid
quenched and tempered as permitted in the material specification, and not listed for Curve D below.
(4) Curve D applies to: ‘—_—_—_
SA-203
SA-508 Grade 1
SA-516 if normalized or quenched and tempered
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 deliberately added in accordance with the provisions of the material specification, not colder than -20°F
(-29°C)
SA-738 Grade B not colder than -20°F (-29°C)
SA/AS 1548 Grades PT430N and PT460N
SA/EN 10028-2 Grades P235GH, P265GH, P295GH, and P355GH if normalized
SA/EN 10028-3 Grade P275NH

UCS-66M Jloges slo sove ;0 Jb yie (gais diwd YYY g
Wyo Cud il pae bl s - W
0 s U 0,13 415 o 431l fold 3 o (slos & dorgi U Jb a0 390 o e gy
) Sloz 4 (g5 (oo o) 90 ]
Jooz & Jlyte o & barpe (somie o (st 5 (Ll slos (23l 5 Jlye culs a4 azg gl ol
o S 4 3l a5 gles 5 s (A, B, C, D) pmie Joz 0 lp Jguz 0ol 50 9eiSie aaz],0 UCS 66
e oo Al Jgaz el 55 o 0 (gled 5 cuslieds L 1, 595 o slas 5 eabied pl by ol s 05 8,
Slr g b o)ls apd Ces @y 5l abgye (Smie g Ak led 5 Culs @ azg b e Jlyte LT 09 (o0 e
anleyd g ) Jle dr flien o
s T il 0 (B) gimmio 0 b3y 0 35°C o1k sles 4 38mm cwlses L SA 516 Gr. 70 JU e : V- Lo
plplo 08 (o axxle UCS 66 Jgo 4 35°C >1hb sles §38 MM b e cslses @ a5 L $o,ls 5o 0,0
@y o 119C slos 1 38.1mm cwbes slp (B) cove j0 conl ool Gaseie (28 L aS 55 Jgom 4 axgi b

il oo ol po s a3 50 b e (sl o eSee A g Bl (003 5L
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Table UCS-66
Tabular Values for Figure UCS-66 and Figure UCS-66M
Customary Units 51 Units
Thick- Curve A, Curve B, Curve C, Curve D, Thick- Curve A, Curve B, Curve C, Curve D,
ness, in. °F °F °F °F ness, mm °C °C °C °C
0.25 18 -20 -55 -55 6.4 -8 -29 -48 -48
0.3125 18 -20 -55 -55 7.9 -8 -29 -48 -48
0.375 18 -20 -55 =55 9.5 -8 -29 -48 -48
0.4375 25 -13 -40 -55 111 -4 -25 -40 -48
0.5 32 -7 -34 -55 12.7 0 =22 -37 -48
0.5625 37 -1 -26 -51 14.3 3 -18 -32 -46
0.625 43 5 -22 -48 159 6 -15 =30 44
0.6875 48 10 -18 -45 17.5 9 -12 -28 -43
0.75 53 15 -15 -42 19.1 12 -9 -26 -41
0.8125 57 19 =12 -38 20.6 14 =7 -24 -39
0.875 61 23 -9 -36 222 16 -5 -23 -38
0.9375 65 27 -6 -33 238 18 -3 =21 -36
1.0 68 31 -3 -30 254 20 -1 -19 =35
1.0625 72 34 -1 -28 27.0 22 1 -18 -33
1.125 75 37 2 -26 28.6 24 3 -17 -32
1.1875 77 40 2 -23 30.2 25 4 -17 =31
1.25 80 43 6 =21 31.8 27 6 -14 -30
1.3125 82 45 8 =19 ) § 333 28 \ 7 -13 -28
1.375 84 47 10 -18 \ 349 29 \‘ 8 -12 -28
1.4375 86 49 12 -16 36.5 30 9 -11 =27
15 88 51 14 -14 31 -10 -26
1.5625 50 53 16 -13 39.7 32 12 -9 =25
1.625 92 55 17 -11 413 33 13 -8 -24
1.6875 93 57 19 -10 429 34 14 -7 -23
175 94 58 20 -8 44.5 34 14 -7 =22

UCS-66M Jlsgei 4 Juyie ol 4 bgiye (oo (35 paseio 5 (b sloo 5 Jliyie Cualind 4y azgi L 2 pgo ol
So b S oo oy s ) g0 o s g Cwls (03,5 atie L YTY IS8 Bilhas Jlo oS (o0 axzl e
Gpo Cand 2Bk Jlye o 4 barpe (i 5 50 b g0 ol ablis e ST elple aiiS @b 1) Sonen abis
2l oo ool o Cens ABL (pmie 59, b (St VL 0 @blE e aziliz (g )l 5L

N-Jlw

38 mm :cwbs

35°C ok slos

SA 516 GI. 70 - Jl yie daieie

Curve B : iy 4 by je (imis

Curve B (Wb :pblis Joe

S Az ;O i S

Db oo ol (Impact Test) a o cos amis
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Figure UCS-66M
Impact Test Exemption Curves
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Figure UCS-66
Impact Test Exemption Curves (Cont'd)
Bolting
Spec. No. Grade Diameter, in. (mm}) Impact Test Exemption Temperature, °F (°C)
SA-193 BS Up to 4 (100]), incl. =20 (-30)
SA-193 B7 Up to 2% in. (64), incl. -55 (-48)
SA-193 Over 2% (64) to 7 (175), incl. -40 (-40)
SA-193 B7M Up to 2% (64), incl. -55 (-48)
SA-193 Bl6 Up to 7 (175), incl. -20 (-30)
SA-307 B All -20 (-30)
SA-320 L7,L7A, L7TM Up to 2%, (64), incl. See General Note (c) of Figure UG-84.1
SA-320 L43 Up to 1 (25), incl. See General Note (c) of Figure UG-84.1
SA-325 1 ', (13) to 1%, (38) -20 (-30)
SA-354 BC Up to 4 (100), incl. 0 (-18)
SA-354 BD Up to 4 (100), incl. +20 (=7)
SA-437 B4B, B4C All diameters See General Note (c) of Figure UG-84.1
SA-449 Up to 3 (75), incl. -20 (-30)
SA-540 B21 CL Al All Impact test required
SA-540 B22 CL 3 Up to 4 (100), incl. Impact test required
SA-540 B23ClL 1,2 All Impact test required
SA-540 B23 Cl 3,4 Up to 6 (150), incl. See General Note (c) of Figure UG-84.1
SA-540 B23 Cl 3,4 Over 6 (150) to 9%, (240), incl. Impact test required
SA-540 B23 ClL 5 Up to 8 (200), incl. See General Note (c) of Figure UG-84.1
SA-540 B23 CL 5 Over 8 (200) to 9%, (240), incl. Impact test required
SA-540 B24 ClL 1 Up to &6 (150), incl. See General Note (c) of Figure UG-84.1
SA-540 B24 ClL 1 Over 6 (150) to & (200), incl. Impact test required
SA-540 B24 Cl 2 Up to 7 (175), incl See General Note (c) of Figure UG-84.1
SA-540 B24 Cl 2 Over 7 (175) to 9%, (240), incl. Impact test required
SA-540 B24 Cl 3, 4 Up to 8 (200), incl. See General Note (c) of Figure UG-84.1
SA-540 B24 Cl 3, 4 Over 8 (200) to 9% (240), incl. Impact test required
SA-540 B24 CL 5 Up to 9% (240), incl. See General Note (c) of Figure UG-84.1
SA-540 B24V CL. 3 All See General Note (c) of Figure UG-84.1
Nuts
Spec. No. Grade Impact Test Exemption Temperature, °F (°C)
SA-194 2,2H, 2HM, 3, 4,7, 7M, and 16 -55 (-48)
SA-540 B21/B22/B23/B24/B24V -55 (-48)

M&Wkﬁbbo)@c5&a)ébﬁwwsvv0f9@

Ded oo Ladeine calitee sldl e b gz ;0 4,0 s Cunsg Figure UCS-66 -YY0 a5 4 anxl e b

Impact Test
Specimens

Ductile Fracture

Brittle Fracture
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Figure UCS-66
Impact Test Exemption Curves
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S 05 g0 et alply Bl el A s 4 55l wBl loged (59, @bl Jore azsliz UCS-66 SIS0
el 50 F ccalses opl b JL e (ol MDMT (gleo
-20°F~500°F s (gosg90me sl ((17.1 Ksi ) Maximum Allowable Stress (S) laie 45 09 a> o5
il e
L lae , 5o (Loads) sla b g Asls jLes 51 sb (Actual Stress in Tension) iis bly (i asslis
: oL 12000 psi bl UG-22 &1 ,31L

Alternative Ratio = Actual Stress in Tension / Maximum Allowable Stress
12000/ 17100 = 0.7 ( Ratio )
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FIG. UCS-66.1 REDUCTION OF
MINIMUM METAL TEMPERATURE
Source: Pressure Vessel Handbook (Twelfth Edition)

REDUCTION OF MINIMUM METAL
TEMPERATURE

EXAMPLE:

For 1% thick, SA-515 Gr 60 plate the mini-
mum design temperature is from Fig. USC-
66 = 50°F.

If the actual stress in tension from internal
pressure and other loads is 12,000 PSI, and
the maximum allowable stress of the mate-
rial is 17,100 psi, the ratio:

12,000/ 17,100 =10.70
and from FIG, USC 66.1 the reduction is

30°F. The minimum design temperature is:
50-30 = 20°F.

(Applicable joint efficiencies shall be included
in the calculation of stresses.)

|

b sles Sl o ials UCS-66.1 ¥YQ g
1y 0 S & ks g (b bes Sl ys 2als [UCS-68 (C)] — GI ST ipg0 o9,
ol SLl L Jy aib ons ploil (PWHT) 6Kz 5l i o0y lalae azoliz UCS-68 (C) GlsT,L —

Cond slpdlas 10 (0ils g b Cwls ulul 5 ol (55 plosl ) asb aisles cdllas (Division) s
o P-No. T aasein glyls sla Jb e sl UCS-66 ,5a5 5l (MDMT) 5l &)l a0 JBlas> 3,90 50 4,0
S55%F (- ) S sles a4 Wilg oo Oyl ax o Cudlae s yo 0 BB 30°F (17°C0) Jolee ials lg

A5l asls 8 )5 v (b) yo 5yl Slles Cudlas a5 285w 48°C)

UCS-68 DESIGN

(c) If postweld heat treating of a pressure-retaining
weld is performed when it is not otherwise a requirement
of this Division, a 30°F (17°C) reduction in impact testing
exemption temperature may be given to the minimum
permissible temperature from Figure UCS-66 for P-No. 1
materials. The resulting exemption temperature may be
colder than -55°F (-48°C) when the PWHT exemption

i_n_[E]_is applicable.

73 No provisions of this paragraph waive other
requirements of this Division, such as UW-2(a), UW-2(d),

UW-10, and UCS-56.

ASME Sec. VIII-Div. 1-2019-Para. UCS-68 (c) ¥f+ , yus
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D oo a8 )5 oasol b Bd> UW-10, UCS-56 4 UW-2(a), UW-2(d),
oS o calis ly led cov 3w 0 (IMPACT) o0 cus slpnilee - B
tale b 4 g oS sls Calis gl Jlis oo y3bke 0 (IMPACT) w,o s sloidles 4 Lk

LOW TEMPERATURE OPERATION

UCS-66 MATERIALS

(d) No impact testing is required for Part UCS materials
0.10 in. (2.5 mm) in thickness and thinner, but such ex-
empted Part UCS materials shall not be used at design me-
tal temperatures colder than -55°F (-48°C). For vessels
or components made from NPS 4 (DN 100) or smaller
tubes or pipe of P-No. 1 materials, the following exemp-

tions from impact testing are also permitted as a function
of the material specified minimum yield strength (SMYS)
for metal temperatures of —155°F (-105°C) and warmer:

SMYS, ksi (MPa) Thickness, in. (mm)

20 to 35 (140 to 240) 0.237 (6.0)
36 to 45 (250 to 310) 0.125 (3.2)
46 (320) and higher 0.10 (2.5)

ASME Sec. VIII-Div. 1-2019-Para. UCS-66 (d) ¥\ ,; g
G 25l a8 L 0.10 in. (2.5 mm) LT cubis a5 UCS iy clo Jb e oly : UCS-66 (d) 1,31, -
(—48°C) 5l (3oy) yoS Ll (b sloo a5 UCS izw lo e sl (Sltil otz bl il ood 55 40
45 7oS L NPS 4 (DN 100) ki b sls alg) b g 5l a8 lakad b o3l gl 0305 4138 oolitl 50 syl o
(SMYS) oS alSounl J8las 51 bl 4,0 cas lp p) obliaw! Wl sas aslu P-No. 1 L ;e
il o e (ie,) YL 5 —155°F (—105°C) 318 slas b slo Jlo e sl
dpd Cod o)l )oYy - W
Geb ¢ 3 Lol s e a5l T (MDMT) gles 5 calses @ azgi b Lo Jlyie LT 4l (o) 50550
g o0 ke DYl pl ol ools pusgi i8S a5 Llao
o o0 0oliim! (g0 )lailiw! 4z 31 (Impact Test ) as po cumd plxil gl (V)
¢ Cawl jLd axkad v (Impact Test ) as o cand plexil g1y —(Y)
At W3l K905 31 ot likomnd 42 31 o 3L 3,90 lalad (Charpy Impact Test ) 4y o sl —(F)
§ Gl jod Cowd axkad o ol § Wigl
9 99 (o0 odlistwl 5L 0590 (Slod 4y ' axlas Glod il Iy (2legy 4z I (SR lales (ol - (F)
Tl Joud BB judo dn U Cand jLo 0590 slod w0 Cand o bod Ol juudi (00900
§ S (o0 65T (i slod 50 (Gloj 4z (gl 1) Cond Wlakad - (B)
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Wiz SzeS (il Hehines 9 500l ax o w4 oo Ol ) wpd Cud Cundy —(F)

Tl

¢ S (Ductile) p 5 cunsis g (Brittle) oy cansls - (V)

§ asiand plaS @ po Cand Glpsdleo —(A)

€ Cowl 8 laibiw] plas ;Lid codd’ ()5l 30 4 pb Cond (539970 b 9 (J98 (2L 35! sl a2 0 9,lailew] -(7)
Da o0 0018 Olga @Ged WY lgw 4 ilio o jlailiwl @ as g b ool b

¢ dgu o0 o0liiml (g3,luiliwl 4z 31 (Impact Test) as s cand plxil g1y )

UG-84 CHARPY IMPACT TESTS
(b) Test Procedures

(1) Impact test procedures and apparatus shall con-
form to the applicable paragraphs of SA-370 or 1SO 148
(Parts 1, 2, and 3).

ASME Sec. VIII-Div. 1-2019-Para. UG-84 (b) (1) ,s w0 ,5 cws lya! o lasben] YEY 5 9a3
s slolosdl s : UG-84(b) -31,51,L -

o5 sl BISTL L wb 4o cus cuz oY kel 5 Lloallgiws - UG-84(b)(1) -2151,L —=
b asl callhe 3 91, 2 slo 23w [SO 148 L 3 SA 370 slas lastesl

¢ Cawl 3L axkad wi (Charpy Impact Test ) as o cand plxil gl -

2 S8 Olasin 4 used g )15 £9050 (69,55 o lailinl 4 Wed aps Wb a0 cus gl a5 Slakad slass
5yl S (Project Specification) olgie e o5

169 )15 3 lasliw! ol 4 1o e Sladad olosy 2 ol Jlis
5,5 £, ASME Sec. VIII-Div. 1-2019 » Jsliwl 4 cawsl oo ail jlid cox 3k jo S
a,5 slws : (CHARPY IMPACT TESTS) UG-84 Gl 31,0 —seses

UG-84 CHARPY IMPACT TESTS Figure UG-84
Simple Beam Impact Test Specimens (Charpy

(c) Test Specimens
Type Test)

(1) Each set of impact test specimens shall consist of
three specimens.

(2) The impact test specimens shall be of the Charpy 0.315 in. (8 mm)
V-notch type and shall conform in all respects to Figure =——2.165 in. (55 mm) ——= —l
UG-84. The standard (10 mm x 10 mm) specimens, when ¥
obtainable, shall be used for nominal thicknesses of
e in. (11 mm) or greater, except as otherwise permitted N\ )
in (-a) below. 0.394 in. ‘ AT

(-a) For materials that normally have absorbed {10 mm) [Note (1)1
energy in excess of 180 ft-1bf (240 ]) when tested using
full size (10 mm x 10 mm) specimens at the specified test- 0.010 in.
ing temperature, subsize (10 mm x 6.7 mm) specimens (0.25 mm) R__/ﬂ\_
may be used in lieu of full size specimens. However, when ,{ 45 )\
this option is used, the acceptance value shall be 75 ft-1bf deg
(100 J) minimum for each specimen and the lateral expan-
sion in mils (mm) shall be reported.

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

ASME Sec. VIII-Div. 1-2019-Para. UG-84 (C) w,o o lp 5Ls 0,90 Slaad X FY g
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@0 Cond Slakad : (Test Specimens) UG-84 (c) &l 51,4 -

b dxkad dw Canl oo w0 s Slakad e 2 (1)

Caislle UG-84 -YFY poai a0 Cond Sl g ol Voo )bt o)l g5 5l b a0 cas slo 5503 —(2)
o culis oyl aiil Jeax LB (10 mm x 10 mm) s bl b aige azsliz ansl ausls Lels
0dl atwidls sl (-2) 5 40 oo S8 Lyl asles aSL) Ko 25,5 18 eolatul 0550 i L (11 mm) ol
sl

oolicial b 08 o i 180 ft-Ibf (240 J) 51 ity sy 65yl Jsomo yokay a5 olo JU 2o azsliz (-2)

o 3l oo iolesl (gl oo astine cewd sles ,o Full Size (10 mm x 10 mm) o5 plo slo aiges
51 .aigs Full Size s jlastisl sla ages 35> Subsize (10 mm x 6.7 mm) s Jasbisl ) slo a5ges Canl
blusl g ol 75 ft-1bf (100 J) Jslas ool dges o gl (opds Jlade ol ool solatwl (a035) ol pis cpis
08,5 o mils (mm) ,» o b lateral expansion Jpe{ES

511, Full Size (10 mm x 10 mm) sla a9 g5 (ood 5l Caalies b IS0 cdm a5 sla J yie g1 -(3)
1, 0,lailiw! SUDSIZE (sla diges (10,91 Cawds sl Kl oy it b a5 0l (5 )9b (Sl o diges 9] Cawas Ll

3.3 mm 5 mm 6.7 mm 7.5mm
(0.098in.) \(0.130 m) (0.197 in.) n)  \(0.295 in.)
A 2\ e
©030am) I

2 mm (0.079 in.) (b) Standard Subsize Specimens
Sl fosls 52211 e & el (K 45 925 e 3] gl ol s 5 il s s a2l szl
lolno (gl 0l Jb e ol Cusled 8090 5l iaS )L slacal jo (250 (g Jardl oad (5, ile el
L] ke ol JBlas a5 slo JU yio 45 bgs o Table UCS-23 Jgox sl ) 50 00 ,S3 (5)(-b) ces sloo
ool ymals 1y slo Jb e i Ceeles Cnl S wlgiinn lgims 09, IS «l 95,000 psi (655 MPa) 51 S
B e gm0 s ool 3 pe By ] ey SUDSIZE digei le Ltale)T sl lSel (i b
Db o (Sajix slo Lialejl 4 g5Ls 0L 0.099 in. (2.5 mm) 51 S (Cdlsp BB) Jga>
@ ,5 slws : (IMPACT TESTS) UHA-51 G1,51,L —seses

Lng digos

3 Jait_! Subsize

UHA-51 IMPACT TESTS

Impact tests, as prescribed in (a), shall be performed
on materials listed in Table UHA-23 for all combinations
of materials and minimum design metal temperatures
(MDMTs) except as exempted in (d), (e), (), (g), (h), or
(i). Impact testing is required for UNS $17400 materials.
Impact tests are not required where the maximum obtain-

able Charpy specimen has a width along the notch less
than 0.099 in. (2.5 mm).

(@) Required Impact Testing of Base Metal,

Heat-Affected Zones, and Weld Metal

{1) Impact test shall be made from sets of three spe-
cimens. A set shall be tested from the base metal, a set
shall be tested from the heat affected zone (HAZ), and a
set shall be tested from the weld metal. Specimens shall
be subjected to the same thermal treatments®as the part
or vessel that the specimens represent. Test procedures,
size, location, and orientation of the specimens shall be
the same as required in UG-84.

81 Thermal treatments of materials are not intended to include warming to temperatures not exceeding 600°F

(315°C), thermal cutting, or welding.

ASME Sec. VIII-Div. 1-2019-Para. UHA-51 (a) (1) a5 cus sl 5L 8 90 lakad ¥FF g
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00 Comad UHA-23 Jgom 10 a5 slo Jbyie g9y 2 b Cowl 0o o0ls 7,8 (2) ;0 a5 jshilen o slns
sle SISLL o8 ol codles o (MDMTSs) 56 (b sles Jilao 5 Lo Jbyie 5| sS5 (oolod (sl o
D¢ pll il sas ,$3 UHA-51(d), (e), (f), (g), (h), or (1)
Weld Metal s> 315 51 s HAZ _be> &)\ > 5 il sailais « Base Metal b o sy a6 cons (-2)
sl 5L
A Egemme 50 45 Cowl dnbad aw Jolis (Set) cow , 040 agd ob aw slo Cow Canl (oo w,0 s sl (1)
HAZ adlaio 3| aslad ¥ o (Weld Metal) ig> 38 5 axkad ¥ o (Base Metal) al; 515 5| askad ¥ g oo dskad
W8 Sl Sldes (om0 10 S sk el oo Oladad il o ol 40 s 5l (Heat Affected Zone)
5o S axl Gllae b GLss ooy Slalad CoaBse 5 Jome il wnd ledodllgns 955 azgi 80 cuslosl 4y S
Digd ags el p3Y UG-84
o3 Oyl Slides b )l 6500 5 Sliles (o Kigz Sliles do Jbyie ()l Slides 5l jslane 182 ugi 5
b o3 (B15°C) slos 256 (5 ,5)

Charpy Impact Testing

Wostmorsland Mechanical Testing & Rosearch, Inc.

Charpy Impact Testing

ayd jlan g 8 s Cund gaxkd YO poa
ASTM A370-2019 s Jsitil ,o - m

ol e sl Y Sladad olaws o lailinl pl jo sl co plol o laibinl pl wlal o)l s Oldes alS

Ll 00l 00ls o9 d‘;bb 9

Designation: A370

Standard Test Methods and Definitions for
Mechanical Testing of Steel Products’
23. Sampling and Number of Specimens

23.1 Sampling:

23.1.2 Number of Specimens.

23.1.2.1 All specimens used for a Charpy impact test shall
be taken from a single test coupon or test location.

23.1.2.2 When the specification calls for a minimum aver-
age test result, three specimens shall be tested.

23.1.2.3 When the specification requires determination of a
transition temperature, eight to twelve specimens are usually
needed.

ASTM A-370-2019 L gsllas 5 Canss (5 i 0,90 olalsd olass FFF g
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Slalad slaad 5 43403 1 (Sampling and Number of Specimens) 23 3l 51,0 —seses
la 4iges : (Sampling) 23.1 I 51,1 -

&labad slaws : (Number of Specimens) 23.1.2 &1 51,1 -

Digd a8 e S5l L iules] digesd SOl ctanl 40 s Slakad aan —23.1.2.1 &I 5L -

Aol syl e Wiy des w5l 5L S50 o gl Sl Bl 18 laseine o 85 —23.1.2.2 GI,S1L -
g

(Ductile) ¢ conss Jasl | Jasl o)l a0 wils o p3Y (8 Slasin o 89 -23.1.2.3 &I 51,1 -

il o 3LS 890 wged 03350 b Cuiid Ygane 05,5 s [ (Brittle) s 5 oS o

Project Specification ojs, 8 Slasin o - B

(Project Specification) . lsic cox 059y p o8 Glhasiino ololp 0 Cund Slakad slows

lalad olasd S o ooliiwl 4wl yd TOTAL . 15 Joallygiws 5l agshos yo o8V clajls 251 aseyl Loy
oo o0 oy andlp TOTAL 5,5 slodasdlygns (S (ol Jlo glsins 1) 450 Cons

SPEC 2011-Rev. 08 - TOTAL .ol ,» Jgl Jlie

Exploration & Production
General Specification Date: 01/2011

GS EP PLR 421 Rev: 08
TOoTAL &

o,las ol &5 GENERAL SPECIFICATION PIPELINES - RISERS & ¢l bg o Joallygims ol
@ sl by o GS-EP-PLR 421
SITE WELDING OF CARBON STEEL PIPELINES TO API 1104 (Sour Effluent)
Appendix 2 (OD > 12" %/;) s Appendix 1 (OD < 12" %) ;5 &5 (¢ ssba silbao ol g ol o
il 08,5 B3z 4 ]y 4,0 Cand (gl 5L 9 g0 Sladad olaad (ol sals atuie
2 Set slaxs Weld Metal gaakio ol p -3
1 Set slaxs Weld Metal (Root) sadlais sl -3
2 Set sluxs Fusion Line gailaie ol -
1 Set slaws Fusion Line + 2 mm gaskis gl, -
Al (oo dxdad a olawd w2 5l jshate 4 Cnl ouls 08 Sl @ el g ol o aS clils ax g b
8.4.2.8 Charpy V-notch impact test

-9_-5-'.-'

Charpy impact tests (each test = three gecimens) shall be prepared and tested in accordance
with ASTM A 370 and ASTM E 23 or ISO/EN 10045-1.
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3o il o axkd VA gl JUl bolas o 4y s lalss olaws TOTAL 8 1 Laallygass oo <) ol
API-1104 s lsilw! a5 sadge b Vo s Ao 3O 0dd attive Kb Gub 400 el Slakad digel Combae gl
2sd 33 APT-1104 5 jlsbinl )5 oot a3l,] aiges s kel enl Sglicte wiS oo adeiee

Appendix 5 Charpy V-notch impact tests - Specimen notch location
(i)
B
|
1
N
Notch at centre line of Weld Metal Centre of noteh located at Fusion Line
(i) (iv)
2 mm
2 mm
Raot Weld Metal Charpy location
Centre of noteh loeated 2 mm from Fusion Line (Additional test for WT > 20 mm. : at 3 o'clock position only)

TOTAL 5 Glascin bl 5 a0 Cud Cgz o3 Slabad Coxbge Y'Y g0

Exploration & Production

General Specification Date: 10/2006
GS EP PLR 421 Rev: 05

ToTAL
Appendix 1

Appendix 1 Welding procedure qualification/Butt weld
Location of test specimens
(OD <12"3/4) Top of Pipe

WELD METAL
FUSION LINE

Top of Pipe

WELD METAL (Root)
WELD METAL

FUSION LINE (FL)

2 min from FL

M+H
OD < 4" 1/2 4" %< 0D = 12" 3/4
Key:
T = Transverse Tensile M = Macrography (only)
FB = Face Bend M+H = Macrography+ Hardness survey
\ RB = Rooct Bend CV = Charpv V-notch impact
otes:

1) Each couple of Root Bend and Face tests to be replaced by two Side Bend tests for
WT > 12.7 mm.

2) For OD < 4" 1/2 Tensile test is not required.
3) For WT = 20 mm, Charpy Test in Root Weld centreline is cancelled.

Sl pans e g POR (sas 10 4,0 cad cgz oY Slakad CoaBgo g olowi Y FA g
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Charpy V-notch
location

t :
¥ pipe wall : -
2

11/; Charpy specimen width

Charpy specimen

) (‘h‘“‘h‘“ Fusion boundary \

Figure A.2—Charpy Specimen and V-notch Location for the HAZ Impact Testing

API-1104-2018 s lasliw! olul s 450 cnd Cagz o3 Slakad CoaBgo ¥ g0

Exploration & Production

General Specification Date: 10/2006

GS EP PLR 421 Rev: 05

Appendix 2 Welding procedure qualification/Butt weld

Location of test specimens
(OD > 12"3/4)

TOP OF PIPE

TENSILE
WELD METAL

FUSION LINE
2 SIDE BENDS

MACRO+HARDNESS CHARPY IMPACTS

WELD METAL
WELD METAL (Root) CHARPY
FUSION LINE (FL) IMPACTS
TENSILE MACRO + HARDNESS
MACRO TENSILE

2 mm FROM FL } CHARPY
IMPACTS

2 SIDE BENDS 2 SIDE BENDS

MACRO+HARDNESS
TENSILE
Notes:
1) Fer WT less than or equal to 20 mm, the Charpy test in root weld metal centreline is
cancelled

2) For WT less than or equal to 12.7 mm, each couple of Side Bends are to be replaced by
1 Face Bend + 1 Root Bend.

3) CTOD ftests, all-weld tensile tests, macrography + hardness at longitudinal/circular weld
intersection and chemical analysis in weld metal are not indicated in sketch.

TOTAL 5 Slasin polul p 45 Cons Cqz o3V Slabd Coadgo Y0+ g
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: Exploration & Production
< y A General Specification Date: 102006
ToraL |GSEPPRezt Rev 05
Appendix 7 Through thickness Appendix 8 Partial or mid-thickness
repair qualification tests repair qualification tests
Location of tests specimens Location of tests specimens
2 SIDE BENDS
SIDE BEND
SIDE BEND ‘/ TENSILE
WELD METAL
TENSILE ——9—"'“ IMPACT
F.L.+2mm TESTS
WM (Both Sides of Weld)
IMPACT
TESTS

F.L.+2mm
(Both Sides of Weld)

2 SIDE BENDS
SIDE BEND

SIDE BEND
MACRO + HARDNESS

\ 7~

Vickers harness survey (5 kg load) Vickers harness survey (5 kg load)

Ol peans iz g POR gags 0 4,0 cad cym oY Oladad CoaBgo g olaws YO pyg.as

axbad 3l (o lodownd 4z 5wl Cnd 3L 3590 by diged (Charpy Tmpact Test) a1 s Cond (sl =¥
55 ool ASTM A370 s lustis] Lobsl py sl oo syl s ladad g3l oolel alaz jl aypo cand Sl po
Slasuin 10 b cad sla 405 (Orientation) cu> ¢ (Location) Jow o lastisl (ol 23 GLSTL L sllas
3 lr Wged dgd Cundse il oud a3l ganlp cou a5 bbb (gl Ojanl pd 0 Wigd jasiise ojgn (B

Al askad Lol axio p dges 65led b (Jsb ygar b Ol Cu g Sl (LAEST el diged agd i Lol aslad

Designation: A370

<l "!m Standard Test Methods and Definitions for
— Mechanical Testing of Steel Products’

23. Sampling and Number of Specimens

23.1 Sampling:

23.1.1 Test location and orientation should be addressed by
the specifications. If not, for wrought products, the test location
shall be the same as that for the tensile specimen and the
orientation shall be longitudinal with the notch perpendicular
to the major surface of the product being tested.

ASTM A370-2019 a5 e (sl i 090 lalsd Lo s Conxbgn g oo TOY g
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Source: Requirements Concerning
Materials and Welding (W28)

PQR 4 ;5 4,8 e (sl 5ki 0,90 Slabad oy CoaBso 5 Jono YOV g
o5 oo 42>l 0 API Specification SL-2013 o Jlasbenl 4 i eugds 1y il
SlSe slgzn sl s Slalad aiges —10.2.3 SIS L -
olls -10.2.3.1 G130 -
5 (guided-bend) slyas «ias slgied « (DWT) sl « (CVN) s sl o o225 slagins plol s
390 gy O lailinl b sl ces slo diges (g3lw oolel g Wigd agd ole diges el (flattening tests) (slpws

sl asls callas o,

10.2.3 Samples and test pieces for mechanical tests

10.2.3.1 General

For tensile tests, CVN impact tests, DWT tests, bend tests, guided-bend tests and flattening tests, the
samples shall be taken, and the corresponding test pieces prepared, in accordance with the applicable
reference standard.

Samples and test pieces for the various test types shall be taken from locations as shown in Figure 5

ol 00l 00l QL....J (S')l',w 4.Lo.‘> )l alises LSLQ"""“" 5 6‘).’ Slalad u*’)-’g,l-’“)-’}“” LJ"‘ )
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a) SMLS pipe

Key

1 L — longitudinal sample
2 T —transverse sample

Figure 5 — Sample and test piece orientations and locations

APISL-2018 550 (50 gl ;0 43,0 cons 6l 53 0550 Dlabad (3 Coandgo g oo YOO g
359 o9 sle g (1
ol 0ads asiw (Transverse) oo ,e o (Longitudinal) Jsb & )ga axkad 90 YOO pgad golao
dob 555 b sl Ay (¥
Fob & ygar aahd Gy (Transverse) o,e &g anhad dw a5 Col oo Laseive azkd o> YOF pgal slhas
Ded o w85 s o (Longitudinal)
25 B ez 35 e 30 b q)lr dakad (NOtCh) L 5 05 o ags (o9 35 50 51 () 0ylouds axkad) 5 ye labed
ashd 5 3,5 (oo )8 s> 550 Sy e Y loud ankd 4 S 4253 VAL TaBs coage Llod 1Y oyloud anlad
N O N T LT NPT R PO R PYRCURPESRE P FNOWE IR EEURTR PSP
Sl oo 000 (i) o ylodd ashad 4y s wgl) e (o (Job dslad & jgas B oo ylosd axlad

Key

W — transverse weld sample, centred on the weld

T180 — transverse sample, centred = 180° from the longitudinal weld
T90 — transverse sample, centred = 90° from the longitudinal weld
L90 — longitudinal sample, centred = 90° from the longitudinal weld

b) CW, LFW, HFW, LW, SAWL and COWL pipes
Figure 5 — Sample and test piece orientations and locations

API SL-2018 Jsb 5,0 b gl jo a0 cund sl 5o 0,90 Slakad by Comge 5 Joro YOF yguas
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W — transverse weld sample, centred on the helical seam weld

L — longitudinal sample, centred at least 4/4 in the longitudinal direction from the helical seam weld

T — transverse sample, centred at least a/4 in the longitudinal direction from the helical seam weld

coil/plate end weld, where length « is the width of the coil/plate

WS — transverse weld sample, centred at least a/4 from the junctions of the helical seam weld and the coil/plate
end weld

c) SAWH and COWH pipes

Figure 5 — Sample and test piece orientations and locations

APISL-2018 o )le 50 b algl 10 a0, cans (sl 5L 090 lakad (5 CamBgn g oo FOV g
@eole Ghex 530 b b Ayl (1
Job Oigar o] axhd O g YOV pear glhe (Transverse) po,e &jgar ol axkhd aw a5 ashd o>
¢80 45 (Longitudinal)
255 0 B O 55 0 50 mesle Ghez 500 5 999 (oo 4 (TTANSVeErse) oo e &g ) 0jlot dnkad
Oo9> 5y 5l Jeb ez 0 ald ojlal 4 Bl 1 35, a5 el (Longitudinal) Jsb & jga ¥ oo ylous anla
sl 4l alols gy e
abe Lhsx 5,0 5l Jeb caz 0 @/ ojlail a4 )] S e o5 col (Transverse) oje sl aiges ¥ o lous anlad
sl ails alols
atd o 0 Sy bt 4yl ol el (Sae g cul (Coil) B Sy 00 098 (o0 Jood gl 4 &5 B ez g
2 955 st YU lie b 55y O S b aiiS o (6 Sy RaSs &y 1y OV iz (slal o9 arlsa aid L )
Ohor & bgrye a5 018 0929 s (pose hex bt gm)le Sledtsr b3 ogdle g le 50 500 e ) o &gl
ool Gz bas e 4 o)Ll (NOTE 4) (598 5ai .l [0S, 4 o8
5 mbe oher Jlasl e 5l A/ o3lail a4 JBlas T 55,0 a5 cosl (Transverse) oo, sl 440 & o0 ylouds dnlad
Aol axsls alold (F o jo ool o)lil) oo,e Sie>

ASME Section VIII-Div. 1 _ulily 4,0 e sla a9 (Orientation) ey 4 (Location) Jow
ayo o Sl saem 5 Gher shpd Glid (i 5 Lo (28,5 18 e waaBse : UG-84-(g) SIS1L -
95 plnil pj bulyd b Bllas (Saml (e
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555 (noteh) Jld Sy 5 wisd bl gz ples 5l Gl Gigz 42p0 s Slalad I (Set) acgaze ,2 (1)
ghw » d5ee (NOTCh) L a5 00,8 Ll 55k (umly 20 Cen (sl axkad o CoaBso 00,5 olowl Ll oo
00,8 el 31 mhas 5 1.5 MM sgu 50 525 4,0 Ced ankad sy, 5 o g 2l 58
29 B3 33l (o0 i pd Cend DlabaS 50 ,Lh slml (g9 4 &S ) gl 4 a2

UG-84 CHARPY IMPACT TESTS

{g) Location, Orientation, Temperature, and Values of
Weld Impact Tests. All weld impact tests shall comply with
the following:

(1) Each set of weld metal impact specimens shall be
taken across the weld with the notch in the weld metal.
Each specimen shall be oriented so that the notch is nor-
mal to the surface of the material and one face of the spe-
cimen shall be within ;4 in. (1.5 mm) of the surface of the

(2) Each set of heat affected zone impact specimens
shall be taken across the weld and of sufficient length to
locate, after etching, the notch in the heat affected zone.
The number of heat affected zone impact specimen sets
to be removed, and the location of their removal, shall
be as shown in Figure UG-84.5 and Table UG-84.6. The
notch shall be cut approximately normal to the material
surface in such a manner as to include as much heat af-
fected zone material as possible in the resulting fracture.

material.

Qo S Slakad o (ntch Sl ol o9, YO pgal
Sl e ol ) gl (HAZ) oapo &)l > sailaie 4 bgs jo 400 s Slabad 51 (Set) acgozs 0 (2)

S b cou sailaie o (Btching) oo,8 ! @ldes j G o LT L g ol coslio Jobo slyls 5 wigd
Ll Caxdgo s g gl oo Sl (HAZ) osso &)l (sablaie 3l aS 4,0 cond Slakad slows 00,5 s (HAZ)
aSaulr b g 0l Jbyie mhaw p gee Lo, sl )Lt 0ilb UG-84.6 Jso> s UG-84.5 o gillae sl
25,5 (HAZ) oaso &l gaibaie Jold 55 oSl ases Conl Soe

1st side

a) t<50mm'"

b) t>50mm

Notch locations:

a : center of weld “WM"’

b : on fusion line “FL”

¢ :in HAZ, 2mm from fusion line

Notch locations:

a : center of weld “WM’

b : on fusion line “FL”

¢ :in HAZ, 2mm from fusion line

Note: (1)

For one side single run welding over 20mm notch location
“a”is to be added onroot side.  Fig. 1 Locations of V-notch for butt weld of normal heat input

(heat input < 50 kJ/cm) Source: UR_W28 Rev2 pdf1799

Weld Metal, Fusion Line & Fusion Line + 2 mm ,s 4,5 slgins Coxdge Y8+ gas

Dyl oo 000 Zgds A hg> abaiie oleiS )0 b g Canl suls atin VP peal ;0 HAZ dihis sosgame
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Cosl 00 a3 "5G & 6G" sy ;0 a5 PQR axkd 59, p 4,0 <o slxl 51y ASME Sec. IX s lasla! ;o
Do dgd odd 00 ,eble dalaie 51 (YF) i gad) QW-463.1(f) sllas |, Sladad sl =
51 (s,les 40 cus) "V-Notch Impact Test" ~Mhaol slw ASME Sec. IX s lailbeal o sl [l 0wl

el oo eolatl (5, (o ,ii> o) "Notch —Toughness Test "

Ol

= 1500

Temperature
distribution curve

+ 1000

+ 500

Maximum temperature (°C)
at each location of the weld

e ———
|

Heat-affected zone (HAZ)

S Base metal

Carbide precipitation zone Solid solution zone

Weld metal

in HAZ (500-800°C) in HAZ (1000°C or higher)

@ TOUGHNESS TEST SPECIMEN LOCATION

Odeg
10deg 10deg =m===p QW-171.3 Location and Orientation of Test
Specimen.
When qualifying pipe in the 5G or 6G position. the
notch-toughness specimens shall be removed from the

shaded portion of figure QW-463.1(f).

Horizontal reference
line for the 5G or 6G
position
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Charpy
V-notch —
specimen

Figure 14.2 Illustrating the Charpy V-notch specimen relative to the HAZ.

Practical Guidebook Series ™ Volume 2 - 1997 CD-ROM Version
ASME Section IX Welding Qualifications Michael J. Houle

a) HAZ specimen

Key

1 material sampled by Charpy test piece notch in HAZ of seam weld — close to fusion line

2 centreline of Charpy test-piece notch

3 material sampled by Charpy test piece notch in weld seam — on or clost to centerline of the outside weld bead

Figure 7 — Location of Charpy test specimens

Charpy ,
V-notch

N,

Figure 14.3. Showing the orientation of the impact specimen
and its notch relative to the weld.
Practical Guidebook Series ™ Volume 2 - 1997 CD-ROM Version
ASME Section IX Welding Qualifications Michael J. Houle

G093 50 Arpo Sl (gl 3L 090 Dlakad b p CuaBge g Jore YO pgual
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:ASME Sec. VIII Div. 1-Para.- UG-84(g) (1) &I51,L ;| Jiw (Fig.14.3)

sl sl (oo 56 50 (nOtCh) [l S 5 wigd Sl gz s 5l (Sl Ghoz 252 Cend Slabad I (Set) aegaze y2 (1)

gy 9 gl 5 25b 5wl ogee (OtCh) JLi 45 05,8 Sl (5y5b (Sl 450 S gl axkd jo Cuabge 005

88,5 Ol 58 mlaw 5 1.5 MM sg0> )0 55 4,0 Cnd dakad

ol 50 0gi e 00, K ASME Section IX-2019-QW-200.2 (b) G1,51,L L bLs,l o 598 cdlas —seses

alox 5l (Sl slpsns il g0 (6, 0sm w8 s 5l oS 5 AT Sledgx jo Cewl oad 0B Colo 4 BISTL

095 <85 QW-200.2 (b) 1,514 o L) sl g (slaanT)3 plas Jols b 3l 9,0 azslir a1y s
QW-200.2 Each organization shall be required to pre-  test coupon. The approximate thickness of weld metal de-

pare a procedure qualification record which is defined as  posited shall be recorded for each set of essential and,
follows: when required, supplementary essential variables. Weld

(b) Contents of the PQR. metal deposited using each set of variables shall be in-
One or more combinations of welding processes, filler cluded in the tension, bend, toughness, and other mechan-

metal, and other variables may be used when welding a ical test specimens that are required.

ASME Section [X-2019-Para.- QW-200.2 &I 51,L Y85 ;g0

ASME Section IX-2019-QW-200.2 (b) I 51,L —

w0l 5 20 4 PQR sags 4 p3le il jS0ley b ol o
(ol wiz slo 355 Cend 5o o0 2358) PQR ol g ~(b)

6L Gl yerie 5 99 xSl Jle S8 (o) Shsz wnld w5l (2SS L Su L S Ced Su )z olej o
5 bl gla it 5l dcgee o ln Wb Bl Cgu) e I (oo B Culs WS 18 eolitul 850 Cesl (S
Sl b piie sl acgarmo 1o a4y bgype (a8l Comy B9z 80,5 AT (oSS (bl slapiie sl S )90 5
Bl S sl ged (59) 2 3L Oyse (Sl Sleind pl g s e (S Gletnd Jgeie
§ Gl juds a9 po Cond azlad o ol —(F

ol 00l attine 4 y0 Cad jLS 0,90 axkad oll ASME Section VIII Div.1 (Fig. UG-84) s ,lateul o
Wges Caalies azilbix .anoe Full-Size 1,57 sl cwlxs 10 mm 4 Jobo 55 mm s 4,0 cond diges assli>
askd Colies s .oz 5% Sub-Size L Sub-Section 1,1 wil Full-Size (10 mm) cubes 80% ;5 s
Sub-Size o] 4 > pl j0 050 7 MM 31 6,15 uile 5l o Cad (a0 bl azili> wwl 12 mm Lol
Full-Size culbrs 70% i)l cad> o .cwl Full-Size culbrs 80% 5l peS isles 1) sgiue U
el

Figure UG-84

Simple Beam Impact Test Specimens (Charpy
Type Test)

0.394in. (10 mm) 0.010 in.
0.315in. (8 mm) (0.256 mm) R
|«———2.165 in. (5§56 mm) —— —l /< i

deg

/\ _F NOTE:

(1) See UG-84(c) for thickness of reduced-size specimen.
0.394 in. (10 mm]—h-‘ ‘.._ 4
[Note (1)]

ASME Sec. VIII Div.1-2019-Para-UG-84 3. 4,5 cans digas 10,5 oolel ¥V g
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23. Sampling and Number of Specimens

23.2 Type and Size:

23.2.1 Use a standard full size Charpy V-notch specimen as
shown in Fig. 11, except as allowed in 23.2.2.

23.2.2 Subsized Specimens.

23.2.2.1 For flat material less than %is in. (11 mm) thick, or
when the absorbed energy is expected to exceed 80 % of full
scale, use standard subsize test specimens.

23.2.2.2 For tubular materials tested in the transverse
direction, where the relationship between diameter and wall
thickness does not permit a standard full size specimen. use
standard subsize test specimens or standard size specimens
containing outer diameter (OD) curvature as follows:

(1) Standard size specimens and subsize specimens may
contain the original OD surface of the tubular product as shown
in Fig. 12. All other dimensions shall comply with the
requirements of Fig. 11.

23.2.2.3 If a standard full-size specimen cannot be prepared,
the largest feasible standard subsize specimen shall be pre-
pared. The specimens shall be machined so that the specimen
does not include material nearer to the surface than 0.020 in.
(0.5 mm).

23.2.2.4 Tolerances for standard subsize specimens are
shown in Fig. 11. Standard subsize test specimen sizes are:
1075 mm, 10x6.7 mm, 10x5 mm, 10x3.3 mm, and
10 x 2.5 mm.

23.2.2.5 Notch the narrow face of the standard subsize
specimens so that the notch is perpendicular to the 10 mm wide
face.

23.3 Notch Preparation—The machining (for example,
milling, broaching. or grinding) of the notch is critical, as
minor deviations in both notch radius and profile, or tool marks
at the bottom of the notch may result in variations in test data,
particularly in materials with low-impact energy absorption.
(see Annex AS5).

ASTM A370-2019- Para. 23.2 5.b 4,5 cas d5905 0,5 oolo] X¥FA 3945

1 b S 3L 090 Oladad S 4 0310l - ASTM A370-2019 Para. 23.2 BTl — e
ojlail g JSi = 23.2 1514 -5

ools Las Y2 pgad 0 a5 ekl () g9 o lailinl o3lail b lo L o)l> s diges o — 23.2.1 QI S1L -
Ll 00 00l 03>122.2.2 GIFTIL 0 a5 (63,90 40 ;K0 99, 410 b Cewl oo

(Subsized) s,lailisl ojlail 55 slo aiges — 23.2.2 L1 51,L -5

39y (&P )Ua’;l.ﬂ as 6.35 L 7/16 in. (11 mm) )’| ).._J Cwls b o LgLQJL').m Lgl).g -232.2.1 d‘;‘)b —3%

Sges ookl o lailbisl ple 13 b diges 51 ool ail i olKiws (65, ws 0 80% 3l ouds Lax (65, lade

"

L2 —p)

|
P W

Notch kength to edge 90 x2¢
Adjacent sides shall be at 90° + 10 min
Cross-section dimensions *0.075 mm (=0.003 in.)

. gf;,m;n o, Length of specimen (L) +0,-25mm (+0,-0.100 in.)
-GN rad: cantering of notch (L/2) +1 mm (+0.039 in))
10.394 in.) Angle of notch *1°
55 mm _....4 10 mm Radius of notch *0.025 mm {=0.001 in.)
(2165 in) (0.394In) 450 Notch depth £0.025 mm (x0.001 in.)
. . Finish requirements 2 pm (63 pin.) on notched surface and
Note 1—Permissible variations shall be as follows: opposite
face; 4 ym (125 pin.) on other two
surfaces

FIG. 11 Charpy (Simple Beam) Impact Test Specimens a) Standard Full Size Specimen

ASTM A370-2019- Para. 23.2 sl 4,5 cas aiges 0,5 oole] ¥'FA 1945
@ Ll caalbes g ylaB oy S g W5l 00 Cond b6 Sz o 85 (sl Algd sledl e (61 —23.2.2.2 I STL -
gad 5L o laslisl o3l 5 diges 5l sod m2l3 8 laslinl JolS o3lasl 4y diges oy G Gl oS cl (gl aigS
YFA ppar Lol b asl b oIl julo coled 09 oo ooliinl 3 7 pdy (o)1 Shad g3 (sl,ls o laibiwl o3lal b sla
sl asls calls (FIG.1T)

L ol aigas o6l o b oyl il wald o lasbiwl LolS” o300l b g ags oSl 51— 23.2.2.3 GISTL -

Sl diged ol alold a5 wigd ()5 il gl 4gT 4 Wb b diged 00,5 s o lailinl ojlasl 5 oslsl o 55,5
Aol 250.020 in. (0.5 mm) i eas o0y sl diges adgl zghaw B odel sy
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el 0ael YV o poai jo o lailiwl o5l 55 sle aiges olail (Tolerances) uil,gl — 23.2.2.4 &1 31,0 s
e 45wl e 5 dges Ld 4T (5 sk 08 sl diged 1S L e o | Lot = 23.2.2.5 GISTL -
oL 10 mm
s ol (gogm—23.3 G81S1L -5
il Jol BTG L glad g alaio 0 (032 o Slpis 0Bl (oo s Jlms L bl sl (6,0l Slles
gled @l (gl 0uisS o oS oSl Wlgs oo et sloil o (6, Saple
ﬁ%’ A370

2.5 mm 3.3 mm 5mm 6.7 mm 7.5 mm
;(0 098 |n} (0.130 m) (0.197 in.) ‘-l n.) (0.295 inli

e

10 mm
(0.394 in.) _L o

f | 2 mm (0.079 in.)

Note 2—On subsize specimens, all dimensions and tolerances of the
standard specimen remain constant with the exception of the width, which
varies as shown above and for which the tolerance shall be =1 %.

(b) Standard Subsize Specimens

FIG. 11 Charpy (Simple Beam) Impact Test Specimens

ASTM A370-2019 - Para. 23.2 5.b 4,5 cws Subsized cladad a5ges XYY+ ji9a5
Sl igas sl 5o 8 laslin] Wges G A by e sla uilygl g ol saen : FIG. 11 -YV+ oai 512 closty
5 bl ple py slo dges 2,0 50 4kl cbitiwl 4 aiil (o jtd (90 9 <ol Subsize s lasbisl plo )
2l EL % uilysls slls ciaol s o a5 ol oo ools (jLad Vb [0 a5 o s 849 ilisee olul (Subsize)

fogu o0 oolaiuwl 3L 0,90 o slod w4 Cewd axlad glos yilw, gl p ‘sg.LQ.{fag) az 51—

| 4 As7o

22.2 Temperature Media:

22.2.1 For testing at other than room temperature, it is
necessary to condition the Charpy specimens in media at
controlled temperatures.

22.2.2 Low temperature media usually are chilled fluids
(such as water, ice plus water, dry ice plus organic solvents, or
liquid nitrogen) or chilled gases.

22.2.3 Elevated temperature media are usually heated lig-
uids such as mineral or silicone oils. Circulating air ovens may
be used.

ASTM-A370-2019 5 a0 cos Slakad diges slp cite slos ol XV pga
e (Medla)JM Q)‘)} 4,0 — 22.2 d‘;‘)b —%
2 diges a5l p3Y GBI Oyl am o 5l e Gl a0 w,s cud gl - 2221 SIS -
..x.,)..f)ljswdl 0 J),._.S Q)|).‘> a0 Lg‘)‘ode..\.’i_xa slloe
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