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Sec IX &ls Haia
Part QW- Welding
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Article 1 Welding General Requirements QW — 100~
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Article 11 Welding Procedure Qualifications QW — 200~
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Article 111 Welding Performance Qualification QW — 300~
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Article 1V Welding data QW — 400
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= Part QB- Brazing

Appendices
App. A Mandatory — Submittal of Technical Inquiries
to the Boiler and Pressure Vessel Committee
B Non-mandatory — Welding and Brazing Forms
o 5,8 9 5, 0e slap 0 - bl e e
D Non-mandatory — P. Number Listing
E Mandatory — Permitted SWPS.

o O yluibinl (5,92 o g, - 6Ll



FORE WORD

(LS iem)

45 0,5 & NS a1y glapes 1911 Jlo 50 S pol Silslo cymmssiign razl
“Boiler and Pressure Vessel ,sl> Jl> 0 aiws  pl o5 ol
3 g o0 0dwol Committee”

9 ou i sbcucgiow Syl ool foll ASME B&P =
i (3l Lasine 05 jo a5 azil 2 g Sglb ood Gl p3Y Sl (s yo &S

g g A1y g gwld (e o Pl Wilgl od 9 G HaNd book us™ =
as 5,5 41,8 Engineering Judgment owacge ©gliad 090 g9y Wyl
g a8 ,8 ou ol oy asive caucgioon b g Ll Wlol

oulojl Colu Slgo plii 0)lge olod Jolis LS oy ol o <l olg
<l Pressure Relief g acbunalgs joue (Test Examination w, ;b



3590 LU L g S uss LASME us clizeo sl o bLS |
sASME - Boliler & Pressure Vessel Code

Construction- Code

r——————-= | r
i | |
Section 1 Section 111 1.2.3 Section 1V 1S§C3tIF??e¥:Jlrle Section X Fiber || ASME B31.1 : I
Power Boilers Nuclear Power Heating Boilers N Plastics | Power Piping | !
Vessels | |l
r d d ASME B31.1 Section 11 Section V Section IX
Referenced Code Power Piping Materials NDE Welding
« . Section VI Section VII Section XI
Inservice”- Code Heating Boilers Power Boilers Nuclear Power

Standards, Recommendations

=National Board Ins

ANSI ASTM AWS

ASNT

nection Code NBIC

ASME B313 |
Process Piping |
|



ASME B & P s c il

(....Y"f&t"‘cﬂA‘qac) JUIy ‘ )O )L? &_i.l JLMJ dow ).b

Editions ol o L]
Jolds gl oo HyLit July v o (S wige 4 Jle ye

Addenda bl il 31 o ol £ cawld gluls g LAAS (Ol s
S JB g

ASME laiwS luwgi oouw) OY¥lghw (gbd s

Interpretations
P (Non mandatory) socuws o5 ¢35 bl wigs oo i

Sloll b gy 9 dyd <> ASME aes alowg

Code cases > A5 48 ol ol &5 suus Ol e A b AS 40 995 ge
Dl oo HLacl o g o0

Errata i (6l HLail azme 4

Re-affirmed 22y o sluiliiwl g Lbus 3l ool )le



Shall

May not

May
Can

Should

85 goals gl )l 5 (&

&b ol 3

- £ 24 s /

FYWWTY



53-3?6.0 LSLQQJ"’)‘:T

ASME Boiler and Pressure Vessel Code ASME Order Department, WWW.asme.org
Rao. K.R. (Editor) ASME Press, NY 2002 ($160)
Companion Guide to the ASME Boiler & Pressure Vessel Code (Vol.1&2)

Carroll, D.E & Carroll D.E. Jr.:
The ASME Code Simplified — Power Boiler, McGraw-Hill, New York, 1997 ($60)

Chuse, R. & Carson, Bryce Sr.:
The ASME Code Simplified — Pressure Vessels, McGraw-Hill, New York, 1997 ($60)

Jawad, M.H. & Farr, J.R.:
Structural Analysis and Design of Process Equipment, Wiley- Interscience Publication, 1984

Jawad, M.H. & Farr, J.R.:
Guidebook for the desing of ASME Section VIII pressure vessels
ASME PRESS NY 1998 (65%)

Brownell, L.E & Young, E.H.
Process Equipment Design John Wiley & Sons, New York 1959

Steingress, F.M. & Frost, H.J.
High Pressure Boiler American Technical Publishers, Homewood IL,
1994 ($35)

Houle, Michael J.
Practical Giude to ASME Section IX CASTI Publishing Inc. Edmonton, Alberta Canada
($90)

Ernst, Richard:
Woarterbuch der industriellen Technik, Oskar Brandstetter Verlag

VDENh (hrsg):
Stahleisen- Worterbuch, Verlag Stahleisen mbh, 6 Auflage, 1994



Length:

Area:

Volume:

Force:

Energy:
Pressure
Temperature

ft
Yd
sg In
sq ft
Cu In
cu ft
b f
ft Ib
psi
°F

Lb»b

25,4 mm

304,8 mm
914,4 mm
6,4516 cm?
0,0929...m?
16,387 cm
28,317 |

4,448 N
1,355818 Nm (=J)
0,06894757 bar
32+1,8*Te



QW - 492 Gy b

A—-NO.

Arc Seam weld
Arc Strike

Arc Welding

As - Welding

Back gouging
Back hand welding
Backing

Backing gas

Base Metal

Butt Joint
Buttering
Consumable insert
Corner joint

e Syl 51 S g



QW - 492 Gy b

Defect
Direct current electrode negative (DCEN)
Direct curent electrode positive (DCEP)
Discontinuity
Double - welded Joint
Electrede, are Welding

* bare

« carbon

e composite

e covered

« electro stag welding

e emissive

« flux - cored

* lightly coated

* metal

* metal - cored

* resistance welding



QW - 492 cay jlas

Electrode, stranded
tungesten
F-NO
Face feed
Ferrite number
Filler metal
Fillet weld
Flaw
Flux,
« active
- alloy
* neutral
e cover
fuel gas
globular transfer



QW - 492 Gy b

= Groove weld

square
single - vee

single - bevel

single - u

single - J

single — flare - bevel
single — flare - vee
double - vee

double - bevel
double - u

double - J

double — flare - bevel
double —flare - vee

= Heat Affected Zone



QW - 492 Gy s

Interpass temperature
Joint
Joint penetration
Keyhole welding
Oscillation
Overlay
P-NO.
Pass
« Cover
« wash
Peening
Performance qualification
Polarity, reverse
straight
POR
Post Weld Heat Treatment
Preheat maintenance
temperature



QW - 492 Gy s

Pulsed Power Welding
Pulsed Spray Welding
Retainer
Root spacing
Short - Circuiting Transfor (gas meta — are welding)
Single - Welded Joint
Slag inclusion
Spray transfor (are welding)
Test coupon
Test specimen
Throat, actual (of fillet)

- efective (of fillet)

* theoretical (of fillet)
Undercut
Usability
Weld
Weld metal
Weld reinforcement
Welder



QW - 492 iy les
=  Welding
« arestud (SW)
e automatic
« consumable guide electroslag
 electro gas (EGW)
 electron beam (ESW)
* flux- cored arc (FCAW)
 friction (FRW)
 friction, inertia and continuous drive
« gas metal - arc (GMAW)
« gas metal - arc, pulsed arc (GMAW- P)
« gas metal —arc, short — circuiting arc (GMAW - S)
 gas tungsten —arc (GTAW)
e gas tungsten —arc, pulsed arc (GTAW - P)
 induction (IW)
« laser beam (LBW)



QW - 492 s x5
machine
manual
operator
oxyfuel gas (OFW)
plasma — are (PAW)
Projection (PW)
ristance (RW)

Welding, resistance seam (RSEW)

resistance spot (RSW)
resistance stud
semiautomatic are

shielded metal are (SMAW)
stud

submerged — are (SAW)
weldment

WPQ
WPS
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Single | Double
Butt Fillet
Tee Square
cCorner Bevel
Angle Groove
Vee
Lap Groove
J
Edge
J Groove
U
Groove




ASME Material Specification

A —516 (90) Gr 60

Acceptance for use

ASTM Material

ASME Code Committee

in Code on Materials
Constructions
SA-516 Gr 60 (Type, Class) ASME Material

no year

Society for ASME

Published in Section 1l Part A/B



QW/ QB - 422 Ferrous P-Numbers and S-Numbers

Grouping of Base Metals for Qualification

Minimum Welding Brazing
Specified
Spec. Type or UNS Tensile, ksi P- Group S- Group P- S- Nominal
No. Grade No. [Note (1)]. No. No. No. No. No. No. | Composition Product Form
SA-36 K02600 58 1 1 101 C-Mn-Si Plate
SA-53 Type F 48 1 1 101 C Furnace
Welded Pipe
SA-53 Type S, Gr. K02504 48 1 1 101 C Smls. pipe
A
SA-53 Type S, Gr. K02504 48 1 1 101 C Resistance
A welded pipe
SA-53 Type S, Gr. KO03005 60 1 1 101 C-Mn Resistance
B welded pipe
SA-53 Type S, Gr. K03005 60 1 1 101 C-Mn Smls. pipe
B
SA-105 K03504 70 1 2 101 C-Si Pipeflange
SA-106 A K02501 48 1 1 101 C-Si Smils. pipe
SA-106 B K03006 60 1 1 101 C-Si Smils. pipe
SA-106 C K03501 70 1 2 101 C-Si Smls. pipe
A-108 1015 CW G10150 60 1 1 101 C Bar
A-108 1018 CW G10180 60 1 1 101 C Bar
A-108 1020 CW G10200 60 1 1 101 C Bar



Section I X Base Material P-Numbers

1 Carbon Steel
Up to %2% Cr and up to ¥2% Mo
4 1 to 2% Cr and up to ¥2% Mo
5A 2 t0 3% Cr, 1% Mo Alloy Steel
5B 5t0 10% Cr, 1% Mo Alloy Steel
5C All 5A and 5B Materials heat treated to 85ksi+
6 Martensite Stainless Steel
7 Ferrite Stainless Steel
8 Austenitic Stainless Steel
9 2 to 5% Ni Alloy Steel
10 Mn-V, Cr-V, 9% Ni, High Cr Alloy Steels
11 Low Alloy Steel, Quenched and Tempered to 95ksi+
21 1.2% Mg of Mn Alloy Aluminum
22 1.2% Mn, 2.5% Mg, 0.25% Cu Aluminum
23 1.3% Mg, 0.7% Si, 0.25% Cr Aluminum
25 1.5% Mg, 0.8% Mn, 0.15% Cr Aluminum
31 Copper
32 Admiralty, Naval, Aluminum Brass, Muntz Metal
33 Cu- Si Alloys
34 Cu- Ni Alloys
41 Nickel
51 Titanium

61 Zirconium



SFA-5.1
SFA-5.2
SFA-5.3
SFA-5.4
SFA-5.5
SFA-5.6
SFA-5.7
SFA-5.8
SFA-5.9
SFA-5.10
SFA-5.11
SFA-5.12
SFA-5.13
SFA-5.14
SFA-5.15
SFA-5.16
SFA-5.17
SFA-5.18
SFA-5.20
SFA-5.21
SFA-5.22

SFA-5.23

Section Il Part C  SFA-Numbers

Carbon Steel Electrodes for Shielded Metal Arc welding

Carbon and Low Steel Rods for Oxyfuel Gas Welding

Aluminum and Aluminum Alloy Electrodes for Shielded Metal Arc Welding
Stainless Steel Electrodes for. Shielded Metal Arc Welding

Low — Alloy Steel Electrodes for Shielded Metal Arc Welding

Covered Copper and Copper Alloy Arc Welding Electrodes

Copper and Copper Alloy Bare Welding Rods and electroes

Filler metal for Brazing and Braze Welding

Bare Stainless Steel Welding Electrodes and Rods

Bare Aluminum and Aluminum Alloy Welding Electrodes and Rods

Nickel and Nickel Alloy Welding Electrodes for Shielded Metal Arc Welding
Tungsten and Tungsten Alloy Electrodes. For Arc Welding and Cutting
Solid Surfacing Welding Rods and Electrodes

Nickel and Nickel Alloy Bare Welding Electrodes and Rods

Welding Electrodes and Rods for Case Iron

Titanium and Titanium Alloy Welding Rods and Electrodes

Carbon Steel Electrodes and Fluxes for Submerged Arc Welding

Carbon Steel Filler metals for Gas Shielded Arc Welding

Carbon Steel Electrodes for Flux Cored Arc Welding

Composite Surfacing Welding Rods and Electrodes

Stainless Steel Electrodes for Flux Cored Arc Welding and Stainless Steel Flux Cored Rods for Gas

Tungsten Arc Weling
Low Alloy Steel Electrodes and Fluxes for Submerged Arc Welding



Section I1- C Filler Metals  AWS s suscs 5 @l o Lwbiss

SFA-5.1,5.5: SMAW Electrode Classification
E/7018, E7018M, E/7016-1HzR
E XXX X X XX
Strength « 0=DCEP d
in KSI « 1=ACor DCEP d
« 2=AC or DCEN m
« 3=ACorDC I
« 4=ACorDC I
Positi « 5=DCEP m
osiuon « 6= AC or DCEP :
Electrode e AT R = g: el m Chemical
« 2= Flat and “penetration” Composmon_of
horizontal fillets weld Deposit

e 4= \/ertical down



Section I1- C Filler Metals  AWS s suscs s @l o Lwbiss

GTAW SFA-5.12 Electrode Classification
E W CE 2
v
1.8-2.2%
v
Ce O,
v
Tungsten

v
Electrode



Section I1- C Filler Metals  AWS s suscs 5 @l o Lwbiss

GMAW SFA-5.18 Electrode Classification
ER 70 S X
Electrode/ Rod Solid Wire
(C=Composite)

Tensile Specific
S_trength Chemical
In Ksl Composition



Section I1- C Filler Metals  AWS s suscs 5 @l o Lwbiss

FCAW SFA-5.20 Electrode Classification
Electrode Position Usability shielding
0- flat / horizontal medium current and
1- all position polarity multiple /
single pass
tensile

Tubular wire for
specific information
reference ASME
Section 11, Part C,
SFA-5.20

strength
= 70ksi



Section I1- C Filler Metals

AWS 5 ouiss p wlpld o lwlls

SAW SFA-5.23 Electrode- Flux Classification
flux Heat treatment Solid Electrode
“A” as- welded Medium Mn
“P> PWHT
Minimum
tensile 20Tt ibs Clilsiti:ifirc%(i?on
strength Impact
= 70ksi Temperature -

60°F
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QW-432- F- Numbers

Add2000

F-No.

AR W N e e e

(=2 W) W ) W ) W = S = =) W - )N J | B

ASME Specification
Steel and Steel Alloys

SFA-5.1
SFA-5.4
SFA-5.5
SFA-5.1 & 55
SFA-5.1 & 55
SFA-5.1

SFA-5.4 other than austenitic and
duplex

SFA-5.5

SFA-5.4 (austenitic and duplex)
SFA-5.2

SFA-5.9

SFA-5.17, SFA-5.18
SFA-5.20

SFA-5.22, SFA-5.23
SFA-5.25, SFA-5.26
SFA-5.28, SFA-5.29
SFA-5.30

Continued....

AWS Classification

EXX20, EXX22, EXX24, EXX27, EXX28
EXXX(X)-25, EXXX(X)-26

EXX20-X, EXX27-X

EXX12, EXX13, EXX14, EXX19, E(X)XX13-X
EXX10, EXX11, E(X)XX10-X, E(X)XX11-X
EXX15, EXX16, EXX18, EXX48

EXXX(X)15, EXXX(X)16, EXXX(X)17

E(X)XX15-X, E(X)XX16-X, E(X)XX18-X
EXXX(X), EXXX(X)16, EXXX(X)17

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

All Classifications

IN Ms-X, IN 5XX, In 3XX(X)
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5 QW -440

PQR g WPS ;5 wslb QW-404.5 (wluol 3 (g2 58 (oo Sy
A?\lvlzlnfégrs .Oé; M
Classification of Ferrous Weld Metal Analysis for Procedure Qualification
Analysis, % [Note (1)]
A-no. Type of Weld Deposit C Cr Mo Ni Mn Si
1 Mill Steel 0.20 1.60 1.00
2 Carbon — Molybdenum 0.15 0.50 0.40-0.65 1.60 1.00
3 Carbon (0.4% to 2%) — Molybdenum 0.15 0.40-2.00 0.40-0.65 1.60 1.00
4 Carbon (2% to 6%)- Molybdenum 0.15 2.00-6.00 0.40-1.50 1.60 2.00
5 Carbon (6% to 10.5%)- Molybdenum 0.15 6.00-10.50 0.40-1.50 1.20 2.00
6 Carbon — martensitic 0.15 11.00-15.00 0.70 2.00 1.00
7 Carbon - Ferritic 0.15 11.00-30.00 1.00 1.00 3.00
8 Chromium- nickel 0.15 14.50-3.00 4.00 7.50-15.00 2.50 1.00
9 Chromium- Nickel 0.30 19.00-30.00 6.00 15.00-37.00 2.50 1.00
10 Nickel to 4% 0.15 0.55 0.80-4.00 1.70 1.00
11 Manganese- Molybdenum 0.17 0.25-0.75 0.85 1.25- 1.00
2.25
12 Nickel — Chrome- Molybdonum 0.15 1.50 0.25-0.80 1.25-2.80 0.75- 1.00
2.25
Note:

(1) Single Values shown above are Maximum.
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ARTICLE |
Welding General Requirments

oeos QW-100

Co> Slyye Ayl 5l cwnl wyle ASM B&P  Sec IX o5 5l Gua
S by Sk w9 (55 Kbe2 sl gl nl (s Kdge Codo unl
s S50 5o g (Orazing coww ) cuz jshived) (5,092
code for pressure ) ¢ ASME B & P skSec gb a5 udles
Al ALils 8 )5 Wilgd 0 0 4K Wy ASME B 31. (piping

] 00 paandll | o | o 90 49 SEC |

Dyl gl gy Ehex Wbl as QW =

D20 0 Ayl 1y Corw (531 pud Sl a5 QB =

as ol alls 0g59 Jboll b wlis>dMe ASME o5 sSec Ko jo )51
3929 SEC IX 4o a5 assil 5 Ll 0,5 1,8 a8LS 4o Sec IX wlsyusn b
Sodewd >l o418



Welding Procedure Specification WPS
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Procedure Qualities Records - POQR
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Welder’s Performance Qualification - WPQ
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Responsibility cudgivwe QW-103
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Weld Orientation s> cus> QW-110

QW-461.2 L QW-461.1

Groove g, b g cauxdgo QW-120

Test positions for groove welds. wlojl o
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Plate Positions &, sbearsy QW-121
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Pipe Positions &g sbveassg Qw-122
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Test Positions for Fillet Welds
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Plate Position &,q glcussg QW-131
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Welding Procedure Qualifications
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Groove & Fillet welds QW-202.2
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QW — 250 ff Samples

Paragr. Brief
QW 402.1 Groove Design  ——— — Nonessential Variable

No new PQR, just WPS Revision
QW -403.11 P-No. qualified Essential Variable

SA-516 Gr. 60 P-No. 1
SA-240-360L P-No§ ———— NewPQR, new WPS

QW 403.5 Group number qualified Supplementary Essential Variable

SA-516 Gr.60 P-No.1 Gr. 1 Construction Code:
SA-516 Gr. 70 P-No.1 Gr.2 — Impact testing: new PQR, new WPS

= No Impact test: do not consider




T/t> 8 in QW-403.7

GMAW s GTAW SAW SMAW I oS 5 ool ,d ol =
s 9 1127 aly 3 olul p oad uwli culis i5las
8” 3l cawl &yle QW-451.1 Jgus 3ub

2l e gbcwlis Sl gl 8 51 s glacwlis ol
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QW- 451 Procedure Qualification

QW-451. 1 GROOVE WELD TENSION TESTS TRANSVERSE — BEND TESTS

Range of Thickness Thickness t of Type and Number of Required (Tension
T Deposited Weld and Guided-Bend Tests)[note(4)
OF Base Metal Metal Qualified, in.
Qualified, in. [Notes (1)and (4)]
[Notes (1)and (4)]
: : side Face Root
Eg{fkgﬁs\’?\/_erlg: c-ir eisr': Min. Max. Max. ('Ig'%r\}si%ré Bend Bend Bend
P ; QW-160 QW-160 QW-160
Less than Y/, T 2T 2t 2 2 2
1/16 to ¥/ , incl. Y. 2T 2t 2 Note(3) 2 2
Over 3/4 but less than 3/, Vs 2T 2t 2 Note(3) 2 2
3/,,to lessthan1?/, 315 2T 2t whent <3/, 2(5) 4
3,,t0 lessthan1?/, s 2T 2T whent>=39/, 2(5) 4
11/, and over Y 2t whent <3/, 2(5) 4
1Y/, and over i 8(2) whent>=73/, 2(5) 4

NOTES:

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

(2) For the welding processes of QW-403.7 only; otherwise per Note (1) or 2T , or 2t , whichever is applicable.

(3) Four side- bend taste may be substituted for the required face- and root- bend tests, when thickness T is 3/8 in. and
over.

(4)  For combination of welding procedure, QW-200.4.

(5)  See QW-151 (.1, .2, .3) for details on multiple specimens when coupon thicknesses are over 1 in.
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Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications SWPS)
Shielded Metal- ARC Welding (SMAW

Paragraph Brief of Variables Essential Supé)ggép]%%tlary Nonessential
1 @ Groove design X
QW- 402 4 - Backing X
Joint 10 | @ Root spacing x
11 * Retainers X
5 @ Group Number X
.6 T Limits impact X
QW- 403 v T/t Limits > 8 in. X
Base 8 @ T Qualified X
Metals 9 t Pass > % in. X
11 @ P-No. qualified X
13 @ P-No. 5/9/10 X
4 @ F- Number X
5 @ A- Number X
QW- 404 .6 @ Diameter X
Filler v @ Diam. > ¥z in. X
szl 12 | DAWS class x
.30 At X
.33 @ AWS class X
Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change
- Deletion < Decease / less than | Downhill — Backhand



SISz S hey 6l p Al WY e uwl slaedgucs
QW-424 Base Metals Used For Procedure Qualification

QW-424.1

Base Metal (s) Used for Procedure
Quialification Coupon

Base Metals Qualified

One metal from a P-Number to any metal
From the same P-Number

One metal from a P-Number to any metal
From any other P-Number

One metal from a P-No. 3 to any metal
From P-No. 3

One metal from a P-No. 4 to any metal
From P-No. 4

One metal from a P-No. 5A to any metal
From P-No. 5A

One metal from a P-No. 5A to a metal From
P-No.4, or P-No.3, or P-No.1

One metal from P-No.4 to a metal from P-
No. 3 or P-No.1

Any unassigned metal to the same
Unassigned metal

Any unassigned metal to any P-Number
metal

Any unassigned metal to any other
Unassigned metal

Any metal assigned that P-Number

Any metal assigned the first P-Number to any
metal assigned the second P-Number

Any P-No.3 metal to any metal from P-No. 3 or
P-No.1

Any P-No. 4 metal to any metal from P- Nos.
43,0orl

Any P-No. 5A metal to any metal from P-
No0s.SA 4,3, or 1 metal

Any P-No.5A metal to any metal assigned to P-
No. 4, or P-No. 3, or P-No. 1

Any P-No.4 metal to any metal assigned to P-
No. 3 or P-No. 1

The unassigned metal to itself

The unassigned metal to any metal assigned to
the same P-Number as the qualified metal

The first unassigned metal to the second
Unassigned metal 1



Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications SWPS)
Shielded Metal- ARC Welding (SMAW

Paragraph Brief of Variables Essential SupIJ:pslseerp]%gclary Nonessential
1 @ Groove design X
QW- 402 4 - Backing X
Joint 10 @ Root spacing x
A1 + Retainers X
5 @ Group Number X
.6 T Limits impact X
QW- 403 7 T/t Limits > 8 in. X
Base 8 @ T Qualified X
Metals 9 t Pass > %2 in. X
A1 @ P-No. qualified X
13 @ P-No. 5/9/10 X
4 @ F- Number X
5 @ A- Number X
QW- 404 .6 @ Diameter X
Filler v @ Diam. > % in. X
Metals 12 @ AWS class X
.30 Dt X
.33 @ AWS class X
Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change
- Deletion < Decease / less than | Downhill — Backhand



WPS aub ,8 F-NO. b o lois ,il
QW-432 - F-NUMBERS Add 2000

oL

O OO OO OO OO U DNDWNER PR

No

ASME Specification Steel and Steel
Alloys

SFA-5.1

SFA-5.4

SFA-5.5

SFA-5.1 & 5.5

SFA-5.1& 5.5

SFA-5.1

SFA-5.4 other than austenitic and duplex
SFA-5.5

SFA-5.4 (austenitic and duplex)
SFA-5.2

SFA-5.9

SFA-5.17, SFA-5.18

SFA-5.20
SFA-5.22, SFA-5.23
SFA-5.25, SFA-5.26
SFA-5.28, SFA-5.29
SFA-5.30

AWS Classification

EXX20, EXX22, EXX24, EXX27, EXX28
EXXX(X)-25, EXXX(X)-26

EXX20-X, EXX27-X

EXX12, EXX13, EXX14, EXX19, E(X)XX13-X
EXX10, EXX11, E(X)XX10-X, E(X)XX11-X
EXX15, EXX16, EXX18, EXX48
EXXX(X)15, EXXX(X)16, EXXX(X)17
E(X)XX15-X, E(X)XX16-X, E(X)XX18-X
EXXX(X)15, EXXX(X)16, EXXX(X)17

All classifications

All classifications

All classifications

All classifications

All classifications

All classifications

All classifications

All classifications

IN MS-X, IN 5XX, IN 3XX(X)




Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications SWPS)
Shielded Metal- ARC Welding (SMAW

Paragraph Brief of Variables Essential Supgslsegizgclary Nonessential
1 @ Groove design X
QW- 402 4 - Backing X
Joint 10 | @ Root spacing x
11 * Retainers X
5 @ Group Number X
.6 T Limits impact X
QW- 403 7 T/t Limits > 8 in. X
Base .8 @ T Qualified X
Metals 9 t Pass > %2 in. X
11 @ P-No. qualified X
13 @ P-No. 5/9/10 X
4 @ F- Number X
5 @ A- Number X
QW- 404 .6 @ Diameter X
Filler v @ Diam. > Y4 in. X
Metals 12 @ AWS class X
.30 Dt X
.33 @ AWS class X
Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change
- Deletion < Decease / less than | Downhill — Backhand



s WPS ol ;0 A-No. 30

QW-440 Weld Metal Chemical Composition
QW-441 General
identification of weld metal chemical composition designated On the PQR and WPS

shall be as given in QW-404.5.

QW-442

A-NUMBERS
Classification of Ferrous Weld Metal Analysis for Procedure Qualification

DATA — Variables

A- T ) Analysis, %][Note (1)]

N ype of Weld deposit - & oy Ni - S
Mild Steel 0.15 1.60 1.00
Carbon- Molybdenum 0.15 0.50 0.40-0.65 1.60 1.00
Chrome (0.4% to 2%)- Molybdenum 0.15 0.40-2.00 0.40-0.65 1.60 1.00
Chrome (2% to 6%)- Molybdenum 0.15 2.00-6.00 0.40-1.50 1.60 2.00
Chrome (6% to 10.5%)- Molybdenum  0.15 6.00-10.50 0.40-1.50 1.20 2.00
Chrome- Martensitic 0.15 11.00-15.00 0.70 2.00 1.00
Chrome- Femitic 0.15 11.00-30.00 1.00 1.00 3.00
Chromium- Nickel 0.15 14.50- 4.00 7.50-15.00 2.50 1.00

30.00
Chromium- Nickel 0.30 25.00- 4.00 15.00- 2.50 1.00
30.00 37.00

0 Nickel to 4% 0.15 0.55 0.80-4.00 1.70 1.00

1 Manganese- Molybdenum 0.17 0.25-0.75 0.85 1.25-2.25 1.00

2 Nickel- Chrome- Molybdenum 0.15 1.50 0.25-0.80 1.25-2.80 0.75-2.25 1.00

Note:

1) Single VValues Shown are Maximum



Procedure Qualifications - QW-253

Welding Variables Procedure Specifications (WPS)
Shielded Metal- ARC Welding (SMAW)

1 + Position
Sgls\ftlg%i 2 @ Position
3 O |1 Vertical Welding
1 Decrease > 100°F X
SXevr;eAé?(S 2 @ Preheat maint.
3 Increase > 100°F
1 @ PWHT X
Sy 2 | @ PWHT (T & T Range)
4 T Limits X
QW- 409 1 > Heat impute
CEJIheglt’gcct%Iristic 4 @ Current of polarity
S 8 @1 & E range
A @ String / Weave
5 @ Method Cleaning
QW- 410 .6 @ Method back gouge
Technique 9 @ Multi to single pass / side
25 @ Manual or automatic
.26 t+ Peening
Legend:

+ Addition > Increase/ Greater than 1 Uphill
- Deletion < Decease / less than | Downhill

«— Forehand
— Backhand

@ Change
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Procedure Qualifications - QW-253

Welding Variables Procedure Specifications (WPS)
Shielded Metal- ARC Welding (SMAW)

1 + Position

QW- 405 —

e 2 @ Position X
3 O |1 Vertical Welding
1 Decrease > 100°F X

QW- 406 :

Breheat 2 @ Preheat maint.
3 Increase > 100°F X
1 @ PWHT X

QW- 407

PWHT 2 @ PWHT (T & T Range) X
A4 T Limits X

QW- 409 1 > Heat impute X

Electrical -

ClheeeEre e 4 @ Current of polarity X

S 8 @1 & E range
| @ String / Weave
5 @ Method Cleaning

QW- 410 .6 @ Method back gouge

Technique 9 @ Multi to single pass / side x
25 @ Manual or automatic
.26 + Peening

Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change

- Deletion < Decease / less than | Downhill — Backhand



QW-406 W WPS sl yo Preheat yisbe,5 g ol 56

= QW-406.1 A decrease of more than 100 F (56 C) In
the preheat temperature Qualified. The minimum
temperature for welding shall be specified in the
WPS.

= QW-406.2 A change in the maintenance or reduction
of preheat upon completion. Of welding prior to any
required postweld heat treatment.

= QW-406.3 An increase of more than 100 F (56 C) In
the maximum interpass Temperature recorded on
the PQR. This limitation does not apply when a WPS
IS Qualified with a PWHT above the upper
transformation temperature or when an Austenitic
material iIs solution annealed after welding.



QW-406 e WPS vl yjoPreheat gulo 8 s <l il

= QW-406.4 A decrease of more than 100 F (56 C) In
the preheat temperature Qualified or an increase In
the maximum interpass temperature recorded on the
PQR. The minimum temperature for welding shall
be specifed in the WPS.

= QW-406.5 a change in the maintenance or reduction
of preheat upon completion of Spraying and prior to
fusing.

= QW-406.6 A change of more than 10% in the
amplitude or number of preheating cycles from that
gualified.



Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications (WPS)
Shielded Metal- ARC Welding (SMAW)

1 + Position

QW- 405 —

e 2 @ Position X
3 O |1 Vertical Welding
1 Decrease > 100°F X

QW- 406 :

Breheat 2 @ Preheat maint.
3 Increase > 100°F X
1 @ PWHT X

QW- 407

PWHT 2 @ PWHT (T & T Range) X
4 T Limits X

QW- 409 1 > Heat impute X

Electrical T

ClheeeEre e 4 @ Current of polarity X

S 8 @1 & E range
A @ String / Weave
5 @ Method Cleaning

QW- 410 .6 @ Method back gouge

Technique 9 @ Multi to single pass / side x
25 @ Manual or automatic
.26 t+ Peening

Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change

- Deletion < Decease / less than | Downhill — Backhand



o WPS awb 45 ialosS o (i yly> clidos il
QW-406 QW-407.4 - PWHT

QW-407.1 A Separate Procedure qualification Is required
for each of the following conditions.

a) For P-No.1, P-No.3, P-No.4, P-No.5, P-No0.6, P-No.9,
PNo0.10 and P-No.11 materials, the following postweld
heat treatment conditions apply:

1) No PWHT;

2) PWHT  Dbelow the lower transformation
temperature;

3) PWHT above the upper transformation
temperature (e.g., normalizing);

4) PWHT above the upper transformation
temperature followed by heat treatment below the
lower transformation (e.g., normalizing or
guenching followed by tempering);



o WPS awb 45 ialosS o (i yly> clidos il
QW-406 QW-407.4 - PWHT

5)PWHT between the upper and lower transformation
temperatures.

b) For all other materials, the following post weld heat
treatment conditions apply:
No PWHT;

1) PWHT within a specified temperature range.

QW-407-4 for a procedure gualification test coupon
receiving a post weld heat treatment in which the
upper transformation temperature is exceeded, the
maximum qualified thickness for production welds iIs
1.1 time thickness of the test coupon.



QW-407.2- PWHT (T & T Range)

QW-407.2 A Change In the post weld heat treatment
(see QW-407.1) temperature and time range.

The procedure qualification test shall be subjected to
PWHT essentially equivalent to that encountered In
the fabrication of production welds, including at least
80% of the aggregate times at temperature (s). The
PWHT total times (s) at temperature (s) may be
applied in on heating cycle.



Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications (WPS)
Shielded Metal- ARC Welding (SMAW)

1 + Position

QW- 405 —

S 2 @ Position X
3 O |1 Vertical Welding
1 Decrease > 100°F X

QW- 406 .

Preheat 2 @ Preheat maint.
3 Increase > 100°F X
1 @ PWHT X

QW- 407

PWHT 2 @ PWHT (T & T Range) X
4 T Limits X

QW- 409 1 > Heat impute X

Electrical :

ClhereeEr el 4 @ Current of polarity X

S 8 @1 & E range
1 @ String / Weave
5 @ Method Cleaning

QW- 410 .6 @ Method back gouge

Technique 9 @ Multi to single pass / side x
25 @ Manual or automatic
.26 *+ Peening

Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change

- Deletion < Decease / less than | Downhill — Backhand



S 03laiwl WPS (pyais au b ey wilgi 0 POR O
ASME Code Section I X

POR
SMAW . ,
SA-516 Gr. 60 One PQR may quality more WPS’S
T=9.5mm
E6013
Charpy V
Tensile
e \
BV .
WPS SMAW
WPS SMAW
9.5-19mm
1.6-19mm PNo.1 Gr.1 All fillets
P No. 1 R
impact
No impact




23,5 uw U POR W buwgs wilgh 0 WPS S
ASME Code Section 1 X

One WPS may be supported by more PQR’S

POR POR POR
GTAW SMAW SAW
W/QO backing

W




Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications SWPS)
Shielded Metal- ARC Welding (SMAW

Paragraph Brief of Variables Essential SupIJ:pslseerp]%rlatlary Nonessential
1 @ Groove design X
QW- 402 4 - Backing X
Joint 10 @ Root spacing x
A1 * Retainers X
5 @ Group Nmber X
.6 T Limits impact X
QW- 403 7 T/t Limits > 8 in. X
Base 8 @ T Qualified X
Metals 9 t Pass > % in. X
A1 @ P-No. qualified X
13 @ P-No. 5/9/10 X
4 @ F- Number X
5 @ A- Number X
QW- 404 .6 @ Diameter X
Filler v @ Diam. > % in. X
Metals 12 @ AWS class X
.30 Dt X
.33 @ AWS class X
Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change

- Deletion < Decease / less than | Downhill — Backhand



QW-403.5- Group Number

QW-403.5 Welding procedure gualifications shall be made using
base metal of the same type of grade of another base metal listed In
the same P-Number and Group Number (see QW/QB-422) as the
base metal to be used iIn production welding. A procedure
gualification shall be made for each P-Number and Group Number
combination of base metals, even though procedure qualification
tests have been mase for’ each of the two base metals welded to itself.
If, however, the procedure specification for welding the combination
of base metals specifies the same essential variables, including
electrode or filler metal, as both specification for welding each base
metal to itself, such that base metals in the only change, then the
procedure specification for welding the combination of base metals is
also qualified. In addition, when base metals of two different P-
Number Group Number combination are qualified using a single test
coupon, that coupon qualifies the welding of those two P-Number
Group Numbers to themselves as well as to each other using the
variables qualified. This variable does not apply when impact testing
of the heat- affected zone is not required by other Sections.



Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications SWPS)
Shielded Metal- ARC Welding (SMAW

Paragraph Brief of Variables Essential SupIJ:pslseerp]%rlatlary Nonessential
1 @ Groove design X
QW- 402 4 - Backing X
Joint 10 @ Root spacing x
A1 * Retainers X
5 @ Group Nmber X
.6 T Limits impact X
QW- 403 7 T/t Limits > 8 in. X
Base 8 @ T Qualified X
Metals 9 t Pass > % in. X
A1 @ P-No. qualified X
13 @ P-No. 5/9/10 X
4 @ F- Number X
5 @ A- Number X
QW- 404 .6 @ Diameter X
Filler v @ Diam. > % in. X
Metals 12 @ AWS class X
.30 Dt X
.33 @ AWS class X
Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change

- Deletion < Decease / less than | Downhill — Backhand



QW-403.6- T Limits Impact

QW-403.6  The minimum base metal thickness
qualified is the thickness of the test coupon T of 5/8 In.
(16 mm), whichever is less. However, where T Is less
than % in. (6 mm), the minimum thickness qualified is
2 T. This limitation does not apply when a WPS s
qualified with a PWHT above the upper
transformation temperature or when an austenitic Is
aolution annealed after welding.



Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications SWPS)
Shielded Metal- ARC Welding (SMAW

Paragraph Brief of Variables Essential SupIJ:pslseerp]%rlatlary Nonessential
1 @ Groove design X
QW- 402 4 - Backing X
Joint 10 @ Root spacing x
A1 * Retainers X
5 @ Group Number X
.6 T Limits impact X
QW- 403 7 T/t Limits > 8 in. X
Base 8 @ T Qualified X
Metals 9 t Pass > % in. X
A1 @ P-No. qualified X
13 @ P-No. 5/9/10 X
4 @ F- Number X
5 @ A- Number X
QW- 404 .6 @ Diameter X
Filler v @ Diam. > % in. X
Metals 12 @ AWS class X
.30 Dt X
.33 @ AWS class X
Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change

- Deletion < Decease / less than | Downhill — Backhand



QW-403.6- T Limits Impact

QW-404.7 A Change in the nominal diameter of the
electrode to over % In. (6 mm). This limitation does
not apply when a WPS iIs qualified with a PWHT
above the upper transformation temperature or when
an austenitic material 1s solution annealed after
welding.



Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications (WPS)
Shielded Metal- ARC Welding (SMAW)

Al + Position

QW- 405 —

e 2 @ Position X
3 O |1 Vertical Welding
| Decrease > 100°F X

QW- 406 :

S 2 @ Preheat maint.
3 Increase > 100°F X
1 @ PWHT X

QW- 407

PWHT 2 @ PWHT (T & T Range) X
4 T Limits X

QW- 409 A1 > Heat impute X

Electrical :

e A4 @ Current of polarity X

S .8 @ | & E range
| @ String / Weave
5 @ Method Cleaning

QW- 410 6 @ Method back gouge

Technique 9 @ Multi to single pass / side x
25 @ Manual or automatic
.26 *+ Peening

Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change

- Deletion < Decease / less than | Downhill  — Backhand



QW-405.2- Position

QW-405.2 A Change from any position to the vertical
position uphill progression. Vertical - uphill
progression (e.g., 3G, 5G, or 6G position) qualifies for
all positions. In uphill progression, a change from
stringer bead to weave bead. This limitation does not
apply when a WPS is qualified with a PWHT above
the upper transformation temperature or when an

austenitic material is solution annealed after welding.



Section IX Procedure Qualifications - QW-253

Welding Variables Procedure Specifications (WPS)
Shielded Metal- ARC Welding (SMAW)

A1 + Position

QW- 405 —

e 2 @ Position X
3 O |1 Vertical Welding
1 Decrease > 100°F X

QW- 406 .

Breheat 2 @ Preheat maint.
3 Increase > 100°F X
1 @ PWHT X

QW- 407

PWHT 2 @ PWHT (T & T Range) X
4 T Limits X

QW- 409 | > Heat impute X

Electrical T

ClheeeEre e A4 @ Current of polarity X

S 8 @ | & E range
A @ String / Weave
5 @ Method Cleaning

QW- 410 6 @ Method back gouge

Technique 9 @ Multi to single pass / side x
25 | @ Manual or automatic
.26 *+ Peening

Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change

- Deletion < Decease / less than | Downhill — Backhand



_ _ Procedure Qualifications -
Welding Variables Procedure Specifications (WPS)Shielded Metal- Arc (SMAW)

W-253

Paragraph Brief of VVariables Essential Supé);ggplzteir;tlary Nonessential
L D Groove design X
QW- 402 4 - Backing X
Joint 10 @ Root spacing x
A1 * Retainers X
D D Group NUmber. X
.6 T Limits impact X
QW- 403 A T/t Limits > 8 In. X
Base .8 O T Qualitied X
Metals 9 t Pass > In. X
A1 © P-No. qualitied X
13 @ P-No. 5/9/10 3
s D F- Number X
5 © A- Number X
QW- 404 .6 @ Diameter X
Filler 4 © Diam. > %4 1n. X
Metals 1 B AWS Class <
.30 ot 3
.33 @ AWS class X
T + PoSITion X
SXSYU?)?E 2 @ Position X
.3 9 |1 Vertical Welding X
1 Decrease > 100°F 3
%}Qﬁei?(s 2 © Preheat maint. X
.3 Increase > 100°F X
1 O PWHT X
PAned 7 FPWHT (T & T Range) <
4 T Limits X
) ! > Heat Impute X
8%’;;:&25;%?;'%' 7 @ Current of polarity x x
.8 @1 & E range X
1 D otring / Weave X
.5 © Method Cleaning X
QW- 410 .6 © Method back gouge X
Technique 9 @ MUt to single pass / side X X
.25 © Manual or automatic X
.26 * Peening X
Cegend:
+ Addition > Increase/ Greater than 1 Uphill « Forehand @ Change

- Deletion < Decease / less than

! Downhill — Backhand



1998 Section 1 X QW-253.1
Welding Variables Procedure Specifications (WPS) Shielded Metal- Arc (SMAW)

Special Process Essential Variables

Paragraph Hard facing Overlay Corrosion-Resistant Overlay
(QW-216) (QW-214)
QW- 402 - -
Sl .16 < Finished t < Finished t
QW- 403 .20 @ P- Number @ P- Number
Base Metals .23 @ T Qualified @ T Qualified
QW- 404 .12 @ AWS class.
Filler .37 @ A-Number
HLEELS . 38 @ Dia. (1st layer) @ Dia. (1st layer)
QW- 405 L .
BOSTHONS 4 + Position + Position
QW- 406 4 Dec. > 100 F Preheat Dec. > 100 F Preheat
Preheat ' > Interpass > Interpass
QW-407
BWHT .6 @ PWHT @ PWHT
QW-409 A4 @ Current or polarity @ Current or polarity
Electrical
Characteristics 22 Inc. > 10% 1st layer Inc. > 10% 1st layer
QW-410 . . i - . )
Technique .38 @ Multi — to single - layer @ Multi — to single - layer
Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change
- Deletion < Decease / less than { Downhill ~— Backhand



Procedure Qualifications QW-254

Welding Variables Procedure Specifications (WPS) Submerged — Arc Welding (SAW)

Paragrapn Briet o variapies Essential Supplementary =ssential Nonessential
L D Groove aesign X
QW- 402 4 - Backing =
Joint 10 O Root spacing X
1T T Retainers X
1) D Group Numoer, X
5 T Limits X
QW- 403 N TrALimits> s in. x
Base .8 © T Qualified X
Metals 9 TPass> 7 1n. X
A1 © P-No. qualitied X
13 D P-No. 579710 X
Z O - Numper X
i) © A- Number 3
6 @ Diameter X
9 D FIux T wire class X
10 D Alloy FTux X
QW- 404 .24 & >upplemental X
Filler 27 D Alloy elements X
Metals 29 D FTux designation X
.30 Ot X
.33 O AWS class x
37 D FIuX type X
35 D FIux T wire class X X
-36 Refreshed slag X
W- 205 T T Position "
ositions
T Decrease > 100°F X
gx;\/r;e‘;(:ﬁ 2 @ Preheat maint. X
.3 Increase > 100°F (I{P) X
- T O PWHI X
%WHT 7 D PWHT (T & T Range) X
4 T Limits X
QW- 409 1 > Heat Impute x
Electrical A4 © Current of polarity X x
Characteristics 3 DT&E range X
T D otring 1 Weave X
15 © Method Cleaning X
6 @ Method back gouge X
N © Oscillation X
QW- 410 k] D@ Tube- Work distance X
Technique .9 © Multi to single pass / side X &
10 D Single to multi electrodes X X
15 @ Electrode spacing X
25 @ Manual or automatic X
26 T Peening X




Procedure Qualifications QW-255

Welding Variables Procedure Specifications (WPS) Gas Metal — Arc Welding (GMAW and FCAW)

Supplementary

Paragraph Brief of Variables Essential . Nonessential
Essential
A © Groove design X
QW- 402 4 Backing =
Joint .10 @ Root spacing S
A1 + Retainers X
5 © Group Number X
.6 T Limits X
T T/t Limits > 8 in. X
S;’;’e 08 3 BT Qualified <
Metals 9 t Pass > % in. X
.10 T Limits (S. Cir. Arc) X
A1 @ P-No. qualified X
13 @ P-No. 5/9/10 X
4 @ F- Number X
5 @ A- Number X
.6 @ Diameter X
12 @ AWS class X
Q- 404 SRR ~
Metals 24 % Supplemental %
27 @ Alloy elements X
.30 gt X
32 t Limit (S. Cir. Arc) X
.33 @ AWS class X
QW- 405 il + Position X
Positions 2 @ Position X
3 0 1] Vertical welding x
A Decrease > 100°F X
Slyg/k;ei(t)ﬁ 2 @ Preheat maint. X
3 Increase > 100°F (I{P) x
QW- 407 1 @ PWHT X
PWHT 2 @ PWHT (T & T Range) x
4

T Limits




QW-255 (Cont’d)
Welding Variables Procedure Specifications (WPS)

Gas Metal — Arc Welding (GMAW and FCAW)

Paragraph

Brief of Variables

Essential

Supplementary
Essential

Nonessential

QW- 408
Gas

% Trail or @ comp.

X

@ Single, mixture, or %

@ Flow rate

* or @ Backing flow

o|luo|w| |-

- Backing or @ comp.

n
o

@ Shielding or trailing

QW- 409 Electrical
Characteristics

> Heat impute

@ Transfer mode

@ Current of polarity

@1 & E range

QW- 410
Technique

@ String / Weave

@ Orifice, cup, or nozzle size

@ Method Cleaning

@ Method back gouge

@ Oscillation

@ Tube- Work distance

olo|N|lo|lo|lw|k, ol >N R

@ Multi to single pass / side

s
o

@ Single to multi electrodes

s
o

@ Electrode spacing

()
Ul

@ Manual or automatic

[N)
o

+ Peening

Legend:

+ Addition > Increase/ Greater than 1 Uphill « Forehand

- Deletion < Decease / less than

| Downhill — Backhand

@ Change



QW-403.10 / QW-404.32 — T & t limits S. Cir. Arc

QW-403.10 For the short — circuiting transfer mode of the
gas metal- are process when the qualification test coupon
thickness is less than %2 in., an increase in thickness beyond
1.1 times that of the qualification test coupon. For thicknesses
of %2 In. and greater, use QW-451.1 or QW-451.2, as
applicable.

QW-404.32 For the, low voltage short- circuiting type of gas
metal- arc process when the deposited weld metal thickness is
less than %2 in., an increase in deposited weld metal thickness
beyond 1.1 times that of the qualification test deposited weld
metal thickness. For weld metal thicknesses of Y2 in. and
greater, use QW-451.1 or QW-451.2, or QW-452.1 or QW-
452.2, as applicable.



1998 Section IX QW-255.1

Welding Variables Procedure Specifications (WPS) Gas Metal — Arc Welding (GMAW and FCAW)

Special Process Essential Variables

Paragraph Hard facing Overlay Corrosion-Resistant Overlay
(QW-216) (QW-214)
QW- 402 -~ .
Joint .16 < Finished t < Finished t
QW' 403 .20 @ P- Number @ P- Number
Base Metals .23 @ T Qualified @ T Qualified
.12 @ AWS class.
23 @ Filler metal @ Filler metal
' Product form Product form
QW- 404
Filler 24 * Supplemental + Supplemental
Metals ' a a
27 @ Alloy element
.37 @ A-Number
QW- 405 s s
e 4 + Position + Position
QW- 406 4 Dec. > 100 F Preheat Dec. > 100 F Preheat
Preheat ' > Interpass > Interpass
QW-407
PWHT .6 @ PWHT @ PWHT
82{5'408 15 @ Type or flow rate @ Type or flow rate
A4 @ Current or polarity @ Current or polarity
QW-409 - -
Electrical Characteristics 26 > Heat input > Heat input
' More than 10% More than 10%
.38 @ Multi — to single — layer @ Multi — to single — layer
QW-410
Technique .50 @ No. of elec. @ No. of elec.
51 * Oscillation + Oscillation
Legend:
+ Addition > Increase/ Greater than 1 Uphill «— Forehand @ Change - Deletion < Decease/ less than | Downhill ~— Backhand



Procedure Qualifications QW-256
Welding Variables Procedure Specifications (WPS) Gas Tungsten Welding (GTAW)

Paragraph Brief of VVariables Essential Supplementary Essential Nonessential
A @ Groove design X
QW- 402 5 + Backing X
Joint .10 @ Root spacing X
A1 * Retainers &
5 @ Group Number x
6 T Limits x
QW- 403 7 T/t Limits > 8 in. x
Base .8 @ T Qualified X
Metals 9 t Pass > % in. x
A1 @ P-No. qualified X
13 @ P-No. 5/9/10 X
@ Size x
4 @ F- Number x
@ A- Number x
QW- 404 12 @ AWS class. X
Filler 14 * Filler x
Metals 22 + Consume. insert x
.23 @ Filler metal product form x
.30 Dt x
.33 @ AWS class x
1 + Position x
F?(:/s\g:[iii 2 @ Position x
3 O 1| Vertical welding X
QW- 406 A Decrease > 100°F X
Preheat 3 Increase > 100°F (IP) <
A 2 PWHT X
%\\’,VV'H“;W 2 @ PWHT (T & T Range) x
4 T Limits x
1 * Trail or @ comp. x
2 @ Single, mixture, or % X
QW- 408 23 @ Flow rate x
Gas 5 * or @ Backing flow x
9 - Backing or @ comp. x
.10 @ Shielding or trailing X




QW-256.1 Welding Variables Procedure Specifications (WPS)
Gas Tungsten — Arc Welding (GTAW)
Special Process Essential Variables
Paragraph Hard facing Overlay Corrosion-Resistant Overlay
(QW-216) (QW-214)

QW- 402 - -
il .16 < Finished t < Finished t
QW- 403 .20 @ P- Number @ P- Number
Base Metals .23 @ T Qualified @ T Qualified

.12 @ AWS class.

14 * Filler * Filler
QW- 404 23 @ Filler metal @ Filler metal
Filler ' Product form Product form
MEELE 24 * Supplemental * Supplemental

.37 @ A-Number
QW- 405 L L
BOSTtionS 4 + Position + Position
QW- 406 4 Dec. > 100 F Preheat Dec. > 100 F Preheat
Preheat ' > Interpass > Interpass
QW-407
BWHT .6 @ PWHT @ PWHT
8XVS'4O8 15 @ Type or flow rate @ Type or flow rate
QIW_409 | 4 @ Current or polarity @ Current or polarity
Electrical > Heat input > Heat input
Characteristics = More than 10% More than 10%

.38 @ Multi — to single — layer @ Multi — to single — layer
QW-410
Technique .50 @ No. of elec. @ No. of elec.

51 * Oscillation * Oscillation
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Article 111 Welding Performance Qualifications
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Article 111 Welding Performance Qualifications
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ASME Code Section IX

Quialification of a welder: & ylo B ol 0
Selection of welders s g olses]
Selection of welding variables, I.e. K9 gla prie 28,5 las o
Distinguishing of positions Candg 58,5 asive
Distinguishing of pipe diameters ol Jad 40,5 asive
Distinguishing of used F-Numbers g Joiae b 5g,:50 F-Number

of filler metals Etc.

WPS RTC

Certification
Data

Signature
\ Testing (VT and 2

_—" bend tests or RT)

Welding of test coupons



Article 111 Welding Performance Qualifications
(Al s S g (51 Al Cuadla Aﬁfi

O -1
SWELDIMLD W EARIEELES
W b e o Foe s e

E=arial
oF SR AN AN IR e A [ [ L
Parsgrapa’ Brkf o Vool B L e e [ L e L F [ DAL IEF QWIS T
[ Y = — Baddrg £ = x £
N 7| = Baddrg x
LT = N sl e il Hemd E
[=—"~ =T & Pips dlameser = = = = =
Poesal 2@ | = P-murmger r :-: ® 0 ® 0
.a= w EHET = x £
- L & F-MEmker E = x = x =
= - [rseres = =
g;"_‘::':' LEE SaBd o meeal- E o
[T O el FeC-C e ed
= | @& F Wed depneH = E = E E.S
.FL @& r Wiehd deparaH =
== FLimE < cir. ol =
[ L T L - PoehHka E LS E = E =
oo b ms | = T4 =r seing *x = = *
P LY e 7 & Twpe S Jars =
S A — e backdng x = x
.]lllll_-:q. _: - T"“:Fb' el LR ;':
Elecerical Al = Corremor pakrks x
Weidie] EraiEises
oAy Cormien gl werkd
ZRMENY Srsec bl el 2T ekl D
EANY Subrmerped- o ekl D
M AT S et lbarr el
ETA s PETDS - e D
Py Maoma-wnc seddlng
L gk
@  Thameg= I ThicEm==1
- S T Ll
— Dejedan + sl
MOTEE:

£1F For oeacripgdan, 5= Seciionm [
£2F FRS-roed ST ekl ing as Sheemm neci-a s, el ol o e el el 3l e rap RO G s el B Ul el gl o gl i, 1S W hede il



Article 111
Welding Performance Qualifications
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Article 111 Welding Performance Qualifications
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Article 111
Welding Performance Qualifications
Ghg2 sl oMo unl

o Kien i lesT QW- 304.1
P'NO 9 LQJ-;JT)é O)s.o PL QW‘ 304 o lasMo C’-&é; J.BJ 3y Lg u

Sz ool 31 6 (152mm) Jslas o, 8ei b yle oo
Sgod b |y hga &jlen cojlw SO (595 g



Article 111
Welding Performance Qualifications
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Article 111
Welding Performance Qualifications
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Article 111 Welding Performance Qualifications
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DATA — GRAPHICS

QW-463.2(d)-OW-463.2()

QW-463  Order of Removal (Cont’d)

45 deg. — 60 deg""l

Face band

A
¥

Harizontal plana
twhen pipe is welded

*
in 5G or 6G
position)

1 \\‘-.

Root berd
Face bend

QW-463.2(t)) PERFORMANCE QUALIFICATION

==
45 dey. — 60 deq.

3ide bend (

Side bend

Horizontal plane

{when plipe is welded

. ¥
in 5G ar BG
potition)

‘.l"‘l- .

A
.

Side bend Side bend

(W-463.2(e) PERFORMANCE QUALIFICATICN



\\ Horizontal feferance
. lime for fixed horizontal
™~ position 4 '
a0 dag. :: | \‘ B0 dag.

100 deqg. 260 deg.

Pipe in fixed _,/ : Pipe in fixed
vartical pogifion horizantal positian
Fer 1245} tesis for {His) Tests

Root Beand

Aw-463.2(f) PIPE - 10 IN. ASSEMBLY PERFORMAMNCE QUALIFICATION



QwW-263  Order of Removal (Cont’d)

22112 deg,__.._.\
QW-463.2(8)

Aot bend

50 deg.

Side bend
I

I Side bend

Face band
-~ K

Haorizontal reference line f:}.ll

fixed horizantal poaition -, |

o N

a5 Pipe in fixed verticaf 20 deq.
ded.  pogition for 2G tests 270 deg. /
Sida

- Pipe in fixed horizontal
| position for 5G tests

Root bend

bearna
Sidf; p ' . ‘{/
ban 22 172 deg.

O
' \7 Side
- ﬁ' bend

Fate band

Aoot bend

GENERAL NOTE:
When side bend tedts arg mace n accordance varh OW-452 1 ang CWY-A57 3.
thay shall be remowved as shown i QW-463 2g) m place of the loce and root benody.

gw-463.2(g) 6 IN. OR 8 IN. ASSEMBLY PERFORMANCE QUALIFICATION



QW-462

3U den. max.

T/2 max.
i- “‘ P.
.

Suggested size of ring or strip {T/1) X 1-1/4T

QW-469.1 BUTT JOINT

Typical Test Joints

)\'- 37-1/2 deg. max.
L NLe
Ti2 max.—»‘ J-'— T:I"a’i!l max. but not

greatar than 1/8in.

GW-46%.2 ALTERNATIVE BUTT JOINT



QW-433
Alternate F-Numbers for Welder Performance Qualification
25 o 5L [y F-NO (bl p o592 < yloo ol 0dguxe b Jgu

Quialified with

—

Qualified For |

F- No. 1
with
Backing

F- No. 1
without
Backing

F- No. 2
with
Backing

F- No. 2
without
Backing

F- No. 3
with
Backing

F- No. 3
without
Backing

F- No. 4
with
Backing

F- No. 4
without
Backing

F- No.5
with
Backing

F- No.5
without
Backing

F-No. 1 with
Backing

X

X

X

X

X

X

X

X

X

X

F- No.1 without
Backing

F-No. 2 with
Backing

F- No.2 without
Backing

F-No. 3 with
Backing

F- No. 3
without
Backing

F-No. 4 with
Backing

F- No. 4
without
Backing

F-No. 5 with
Backing

F- No. 5
without
Backing




QW-433
Alternate F-Numbers for Welder Performance Qualification

Qualified with

Qualified Fur

Any F-No. 6
Any F-No. 21 through F-No. 25

Any F-No. 31, F-No. 32, F-No0.33, F-
No. 35, F-No. 36, or F-No0.37

F-No. 34 or Any F-No.41 through F-
No. 45

Any F-No. 51 through F-No. 54
Any F-No. 61
Any F-No. 71 through F-No. 72

Note:

Any F-No. 6 [Note (1)]
Any F-No. 21 through F-No. 25

Only the same F-Number as was used
during the qualification test

F-No. 34 and all F-No. 41 through F-
No. 45

All F-No. 51 through F-No. 54
All F-No. 61

Only the same F-Number as was used
during the qualification test.

(1) Deposited weld metal made using a bare rod not covered by an SFA specification but which
conforms to an analysis listed in QW-442 shall be considered to be classified as F-No 6.



sazte & )lis syl g s LojT QW-320
Retests and renewal of qualification
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Retests and renewal of qualification
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Retests and renewal of qualification
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Section I X QW-353
QW -353 Shielded Metal-Arc Welding (SMAW)

Essential VVariables

Paragraph Brief of Variables

QW-402 ) :
Joints 4 Backing
QW-403 16 @ Pipe diameter
Base Metals 18 @ P-Number

15 @ F-Number
QW-404 :

.30 @ t Weld deposit
QW-405 1 + Position
Positions 3 O 1| Vertical welding

@ Change + Addition 1 Uphill
- Deletion | Downhill



OHe2 sl (5, e2 b i QW-350
Welding Variables for Welders

QW -355 Semiautomatic Gas Metal-Arc Welding (GMAW) QW -356 Manual and Semiautomatic Gas Tungsten- Arc
is Includes Flux- Corded Arc Welding elding
[This Includes Flux- Corded Arc Welding (FCAW) Welding (GTAW)
Essential Variables Essential Variables
Paragraph Brief of Variables Paragraph Brief of Variables
W-402 ) QW-402 i :
?oints 4 - Backing Joints 4 Backing
QW-403 16 | @ Pipe diameter QW-403 16 @ Pipe diameter
Base Metals 18 | @ P-Number Base Metals 18 @ P-Number
15 | @ F-Number 14 t Filler
QW-404 30 @ t Weld deposit 15 @ F-Number
32 t Limit (S. Cir. Arc.) QW-404 22 £ Inserts
QW-405 1 + Position 23 @ Solid or metal-cored to flux -
' cored
Positions 3 O 1| Vertical welding _
T .30 @ t Weld deposit
Sosi:[ions 2 el 26 I QW-405 1 + Position
Positions 3 O 1| Vertical weldin
AT 2 @ Transfer Mode i 2
Positions L )
8(:;\{“43?3 .8 - Inert backing
Qials 4 @ Current or polarity

Positions




QW-361.2 — Essential Variables- Machine Welding

a) A change in the welding process.

b) A change from direct visual control to remote visual control
and vice- versa

c) The deletion of an automatic are voltage control system for
GTAW.

d) The deletion of automatic joint tracking

e) The addition of welding positions other than those already
qualified (see QW-120, QW-130, and QW-303).

f) The deletion of consumable inserts, except that qualification
with consumable inserts shall also quality for fillet welds and
welds with backing.

g) The deletion of backing. Double-welded groove welds are
considered welding with backing

n) A change from single pass per side to multiple passes per
side but not the reverse.



QW-361.1 — Essential VVariables- Automatic Welding

a) A change from automatic to machine welding
b) A change in the welding process.

c) For electron beam and laser welding, the addition
or deletion or filler metal.

d)For laser welding, a change In laser type (e.g., a
change from Co2 to YAG)

e) For friction welding, a change from continues drive
to inertia welding or vice versa.

f) For electron beam welding, a change from vacuum
to out-of- vacuum equipment, and vice versa.



QW-452.3 — Groove — Weld Diameter limits!?

Outside Diameter

Outside Diameter Qualified, in.
Of test Coupon, In.

Min Max
Less than 1 Size welded Unlimited
1 to less than 27, 1 Unlimited
27, and over A Unlimited

Notes:
(1) Type and number of tests required shall be in accordance with QW-452.1.
(2) 274 in. 0.0 is the equivalent of NPS 2%



QW-423 Alternate Base materials for Welder Qualification

QW-423.1 Base material used for welder gualification may be substituted
for the p-number material specified in the WPS in accordance with the
following.

Base Metal (s) for Welder Qualified Production Base
Qualification Metal (s)
P-No. 1 through 11, P-No. 1 through 11,
34,40 through 47 34.40 through 47

and unassigned metals of similar
chemical composition to these

metals
P-No. 21 through 25 P-No. 21 through P-No0.25
P-No. 51 through 53 P-No. 51 through 53

or P-No. 61 through 62 and P-No. 61 through 62



Section I X QW-353
QW -353 Shielded Metal-Arc Welding (SMAW)

Essential VVariables

Paragraph Brief of Variables

QW-402 _ :
Joints 4 Backing
QW-403 16 @ Pipe diameter
Base Metals 18 @ P-Number

15 @ F-Number
QW-404 _

.30 @ t Weld deposit
QW-405 1 + Position
Positions 3 O 1| Vertical welding

@ Change + Addition 1 Uphill - Deletion | Downhill




Section I X QW-353
QW -353 Shielded Metal-Arc Welding (SMAW)

Essential VVariables

Paragraph Brief of Variables

QW-402 ) .
Joints 4 Backing
QW-403 16 @ Pipe diameter
Base Metals 18 @ P-Number

15 @ F-Number
QW-404 _

.30 @ t Weld deposit
QW-405 1 + Position
Positions 3 O 1] Vertical welding

@ Change + Addition 1 Uphill
- Deletion | Downhill



QW-461.3
Groove welds
in plate

QW-461.4
Groove welds

in pipe

QW-461.5
Fillet welds
in plate

QW-461- Test Positions

QW-461.1  Positions

% ' (d) &8
)16

{h) 2G

AN

{e} 3G

QwW-461.3 GROOVE WELDS IN PLATE — TEST POSITIONS

I

{a} 16 Rotevad
bl 2G

v

0

(c) 56 [ ",\_

45 dag. +5 deg.

{d) 6G

QW-461.4 GRODVE WELDS IN PIPE --- TEST POSITIONS

Axis of wald
Throat of weld horizomtal

vartical

45 deg.

[a} 1F bl 2F

Axis of weld

> -Axis of weld
vertical \'/_ horizgntal
¢ da,

le} 3F {d) aF

QW-461.5 FILLET WELDS IN PLATE — TEST POSITIGNS



QW-461.1 — Positions of Welds — Groove Welds

QWw-461.1

Tabulation of Positions of Walds

Angle of rotalion of face is measured from a line perpendicular 1o
the axis of the weld anct lying 10 a wertical plane containing this axis
The reference posibian (0 deg.) of rotation of the face invariably points j
in the direction opposite (o that inwhich the asis angle increases. The

Diagram Inchnation Rotation
Fasitian Referance of Axis, deg. of Face, deg.
Flal Ay Dtoc 15 150 to 210
S
!
BO 1o 15 '
Horizoniel B Qto 15
oriZonie a 210 1o 280 |
|
0 to B} |
Dyerhead C 0l 30 —[ 280 10 350 I
Vertical b 5 ro 80 A0 1o 280 l
eriie 3 80 10 90 0 1o 350 u
2 |
L
s |
GENERAL NOTE: E |
The horigontal referange plane is taken 1o e alwayy belgw the weid .:‘ i
undar consideration. 5?'" & \
Inctnation of axis is measured from the horizontal reference plane _:C‘ [
toward the wertical e
d |

|
angle of rotation of the Tace of weld is measured in a clockwise J'If k
direstion from this reference gositian ) deg.| when lgoking al point 15 deg 1
.P. r __'_ |
/3 |
QW-4£1.1 POSITIONS OF WELDS — GROOVE WELDS "'ll ~ £ |
..--"'HH. =1 S -

<7 Y - -

-“-'\-. _’.!..-""-F" i

0 dag, >
™~ .



QW-461.2

Positions of Welds — Fillet Welds

[~
Twbulotion of Positivns of Flil Walds ol s
Diwgram incinetion Aciwrbion i T l"'_' R
Paoeition Fmieremoe af Ram. dag ol Face. deg | "I‘IIIJIII;'I
i -
Flar & 01 15 150 g 2°0 "- L |
FEXTRE KﬁI
Hrenzancal B Uta 1% | 3o 536 . II| |
re 175 :
Ciwn hizad e 1 1a U I_ 1
L #3512 360 I
eatical 14 la AL FOR=R I
il E Wl 10 41 i ks |d'

&

I
I
I
! EI
1 D-l
F1E T::l
2
! I
[ |
I .
o I
f i— |
15 aag _
1
LT |
_'-"'r-:u - - 1
,-*"_-Iféf T
a | . o
-

e
5 S
m

A
S
I
-



QW-322.1 — Expiration of Qualification

The performance qualification of a welder or welding operator
shall be affected when one of the following conditions occurs:

a) When he has not welded with a process during a period of 6
months or more, his qualification for that process shall expire;
unless within the six month period, prior to his expiration of
gualification:

1) A welder has welded using a manual or semiautomatic
welding process, which will maintain his qualification for
manual and semiautomatic welding with that process;

2) A welding operator who welds with a machine welding or
automatic process which will maintain his qualification
for machine and automatic welding with that process.

3) When there iIs a specific reason to question his ability to
make welds that meet the specification, the qualifications
which support the welding he is doing shall be revoked.
All other qualifications not questioned remain in effect.



QW-322.2 — Renewal of Qualification

a) Renewal of qualification expired under QW322.1 (a)
above may be made for any process by welding a
single test coupon of either plate or pipe, of any
material, thickness or diameter, in any position, and
by testing of that coupon as required by QW-301 and
QW-302. A successful test renews the welder or
welding operator’s previous qualifications for that

orocess for those materials, thicknesses, diameters,

positions, and other variables for which he was
oreviously qualified.

Providing the conditions of QW-304 and QW-305 are
satisfied, renewal of qualification under QW-322.1 (a)
may be done on production work.




QW-462.1 (a) Tension Test Specimen, Plate

Wald reinforcemeant thall ke
meachined flush with baze
metal. Machineg minimum

__t
-t

amaunt 1O shitain approx,
paralle! surfacas,
: : 10 in. or as required ———in
Cold straightening
of the test coupan
i " “_ iz parmitted prior
1/4 in. to removal of weld
* reinforcement.
IL a : .
i | ¢ These edges may Edpga of widest
: ] : ¥ be thermally eut. face of weld
— F A
.. R
x 1/4 in, 1M4in, = — = 14 0.
2
‘-3""'. Pargllel length equais
E AN widast width of weld
".'-_:5:\‘ plus 12 in.
* added length.

.

This section machinéd
preferably by milling

QW-462.1(a) TENSION — REDUCED SECTION — PLATE

Distortian

Length sufficient
1o extend inco grip
aeual o two-thirds
grig langth



QW-462.1 (b) Tension — Reduced Section - Pipe

Grind or meching the minimum
amcunt naeded 1O obtain pHane
paraltel faces ovar tha reduced
section W. No more meteniol
than is needed 1o parform the
1est shall be removed

f I 144 in. 1/4 in,

! On forraus material
I thuse adges may be
| thermally eut.

1G in. or & reguirad \\

ol

il s s - o e Ve P

— A e e e — —

Edga of widest
face of weld

o fe S

""I:r 1/4 in.
This section machinad

prefarably by milling



QW-462.1 (c) Tension — Reduced Section Alternate for Pipe

L_L_ _____ .

* Reduced section .
[Mote 12]] "‘—J—-‘

1/2 in, ' !

Rad. 1 im. mmin.

1-1/18 in. Edige of widest face of weld

NOTES:

(1) The weld reinforcement shall be ground ar machined so that
the wald thicknass doss not axcesed the base mecal thickness
7. Maching mimnimum amount 1o obtain &pproxemately par-
allsl surfaces.

{2] The reduced section shall not be less than the width aof the
weld pius 2.



QW-153 Acceptance Criteria — Tension Tests

QW-153.1 Tensile Strength. Except for P-No. 21 through P-No. 25
and P-No. 35 materials, minimum values are provided under
the column heading “Minimum Specified Tensile, ksi” of
QW/QB-422. In order to pass the tension test, the specimen
shall have a tensile strength that is not less than:

= The minimum specified tensile strength of the base metal; or

= The minimum specified tensile strength of the weaker of the
two, If base metals of different minimum tensile strengths are
used; or

= The minimum specified tensile strength of the weld metal when
the applicable Section provides for the use of weld metal having
lower room temperature strength than the base metal;

= If the specimen breaks in the base metal outside of the weld or
fusion line, the test shall be accepted as meeting the
requirements, provided the strength is not more than 5% below
the minimum specified tensile strength of the base metal.



QW-462.3 (a) Bend Test Specimen, Plate

bin oras  1-1/2in,
|¢—-— required -—--LL = 1/8 in, max,
HFJ
lll ] T b:- [(Plate) [Flpl:l
A — . S — gl 2
Face-band spacimen — Plate and Pipa
& in. or as 1-1/2 in.-
fa—— required ——— A =1/8 in, max,
1R
. A
!l-w-l [
- Tl [‘_(FJ
“““““““ n-— — — —— .~ =3 [Plate) {Pip®}

Root-bend apecimans — Piate and pipe

¥, in.
|P-NG.23.F-No. 23,
T.in. ot P-Mo, 35 All ather metals
1416 = 18 r T
1/8-3/8 1/8 Fal
=3/8 1/8 318

Notes:

2)

If the pipe being tested is 4 in. nominal diameter or
less, the width of the bend specimen may be 3/4 in.
for pipe diameters 2 in. to and including 4 in. The
bend specimen width may be 3/8 in. for pipe
diameters less than 2 in. down to and including 3/8 in.
and as an alternative, if the pipe being tested is equal
to or less than 1 in. nominal pipe size (1.315 in. O.
D.), the width of the bend specimens may be that
obtained by cutting the pipe into quarter sections, less
an allowance for saw cuts or machine cutting. These
specimens cut into quarter sections are not required to
have one surface machined flat as shown in QW-462.3
(a). Bend specimens taken from tubing of comparable
sizes may be handled in a similar manner.

QW-462.3 (b) face and root bends- Transverse



QW-462.3 (b) Bend Test Specimen, Plate

B oin, ar as 1-1/2 in.~‘

b required — A =1/8B in. max.

| !
Ok

. - rj
i K. 1,
] -
. All Faca
*: P-No.23,F-Na. 23, other | gung Band
T, in. or P-Ma, 356 matals
t1,/16 < 1/8 r r
1/8-3/8 1/3 T
=>3/8 1/8 3B

MNOTE:

{1t} Weld reinforcemants end backing strip or backing ring, |F any,
shall be removad assentially fluah with the undisturbed surface
af the basa material. If a racassed sirip 1= used, this surface of
the spacimen mey be mechinad to 8 depth not axcaeding tha
dapth af the recass 10 ramave the strip, except that in such cases

the (hickness of the firshed specimen shall be 1that spesfied
abhove.

QW-462.3 (b) face and root bends- longitudinal



QW-163 Acceptance Criteria — Bend Tests

The weld and heat affected zone of a transverse weld- bend
specimen shall be completely within the bent portion of the
specimen after testing.

The guided-bend specimens shall have no open defects in the
weld or heat affected zone exceeding 1/8 in. (3.2 mm), measured
In any direction on the convex surface of the specimen after
bending. Open defects occurring on the corners of the specimen
during testing shall not be considered unless there is definite
evidence that they result form lack of fusion, slay inclusions, or
other iInternal defects, for corrosion resistant weld overlay
cladding, no open defect exceeding 1/16 In. (1.6 mm), measured
In any direction, shall be permitted in the cladding, and no open
defects exceeding 1/8 In. (3.2 mm) shall be permitted in the
bond line.



QW-416 Welding Variables
Welder Performance
Essential
Paragraph Brief of Variables OFW OW- T SMAW T SAW QW- T GMAW? GTAW T PAW OW-
352 QW-353 35 QW-355 QW-356 35
QW- 402 4 - Backing X X X X
Joint 7 + Backing x
W- 403 2 MaX|ml.Jm Quialified X
ase .16 @ Pope diameter X x X X X
Metals 18 @ P-Number X X X X X X
14 =+ filler x X X
15 @ F-Number X X X X X X
22 + Inserts X X
iY}é‘rA'OA' 23 Solid or metal- 9 9
Metals cored to flux- cored
.30 @ t Weld deposit X X X X X
31 @ t Weld deposit X
.32 t Limit (S. Cir. Arc) x
W- 405 1 + Position X X X x x X
osition 3 @ 1] Vert. welding X X X
W- 408 g @ Type fuel gas X
e 8 - Inert backing X x X
W- 409 2 @ Transfer mode X
lectrical 4 @ Current or polarity x
Legend: )
@ Change t Thickness - Deletion + Addition | Downhill 1 Uphill
Notes:

El For description, see Section IV _ ) o o )
2) Flux- Cored arc welding as shown in QW-355. with or without additional shielding form an externally supplied gas or gas

mixture, is included.



Reticule 1V
Welding Data
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S)be ey cp swlwl b o QW-401.1
Essential Variable (Procedure)

Pled 10 HIA5 1l & ymio &5 (65 Uhex bl plb jo (Gt 2
b5 (notch toughness sbicwl) s v Jlail Silso
u&*?: 6&9)&‘ 605\;.:\5 )?: }lé ‘d)m? J-;.?.T)-é cP'NO. )Q mﬁ'
00 )5 o0 Cguuo (bl puiito (g lo Sy 9 s loyS
b gx cus owlwl b iz QW-401.2
Essential Variable (Performance)
g g e Cabl jo a5 o he bl il )0 (Gpiie ;o F

yodi Backing iy ashd Bio pldis 00,l0% il Wl oe>
cOJ.t.é 9 &3,3&3 cF'Number cQS}:ﬁ‘ ‘6)&.&? ..\;..?’T)é )Q



&g ey s oSS bl ol puiio QW-401.3
Supplement Essential Variable (Procedure)
Notch —  (Sile (plgs o &5 (o Chen byl )0 ki o °
di i 0,0 LU owd he> JLail toughness Properties
Heat s oolo )l comly y b Yl (6 )92 (6 ) Sbger s 58
ol S 8 A gy )0 oyé g PWHT b iube,S oy N put
S o Gl 4 Wiogr ek wnl wps Galojl & 58 ey Ol i
ojlil aSiyge jo (Gl iy )0 WS 0 Cguxe (eSS (ol
Sl s bl (S 4o cond aigns cq (otule)l wlak
D18 Lyl 4 o3Y LS
ool Al s Giulojl aloxr I Slliodo auls’ Gab (g 4T g0 50
bis ©ygo (pl jo .l pudti (LSS (wlal o 90 b SO Lol ol
Ol 4) 0,10 12l & 5Ls ed adlal wb lwus a5 sbiubesl of
L bl cd,)5 plul wps gubojl ol e adliw jo hid a5 Jbg) JUo
& ygo o HAZ ailaio 35 46 GialojT a5 09 oo p3¥ Touze (51 pups



$ ) g2 o g Cu (wlul i (s puiio QW-401.3
Nonessential Variable (Procedure)
L Back gouging igy (Jlail zyb ;0 mudd plii (Jlolge & ®
ooy e Jlail (Sillo (plgs ;0 &5 o9 0 @b (5,15 jod
5135 o5 g b



SleMbl guds aws 401.5
K¢ PR SO A ,J.n.: 9 g el 6,&23.? Oledb) =

Joints Jlail b e
Base metals U CR
Filler metals ol S °
Position Cardg ®
Preheat ooy gw °
PWHT oo yS g ©
Gas 5 e
Electrical characteristics .
Technique SaSS e

J9ue 50 g Gyl 4 baryo g o )15 Jol) e ®
loads Caad QW-416



Electrical characteristics & xsJl &lbuo guas QW-409
Heat In PUtl ool o3lo &yl yo duawlxo

Voltage x amperage x 60

Travel Speed (in/ min)

Volume of Weld Metal : jig> 38 v

9 ool olal 5o !Bl 5l el wylee Shgar 8 poxe 38l
Job v2ly 4 Camud ouls 001> iguy g 8 Job ey b
09).’»’&”



Material Groupings slge gusu aidb QW-420

P- Numbers QW-420.1

097 holge )5 iy b ¥ GLPOQR ol jsbiin 4 =
0 @olasl Ols Sl (ples 9 G RN 0e (2l oS 5
Silouuds a8 8 s ;0 P-NO. sLls Sec IX

518 alino Lows oolgs LSy sP-NO. ol,ls wl3ls as ,5 =
Slasin 390 30 (SE s ow)p g &5 wilgi ooi Lo Ll
S plgs (b (e 3l e (Gl Sldes (S0 5glle
W3 ,S 5008y (0 39 (6518 pr0 pe Mo g

LP-NO. 5l 45 .ol oo o 4o Jubo)l 45 go,lg0 yo =
Ailods o> b Group-NO. &gy golus!

o 00 S AN Oy gy ilizeo w8 P-NO. 3,0 =



o 00 S AN Oy guay ilizeo Wl s P-NO. L3 o

Base Metal
Steel and Steel alloys

Aluminum and
aluminum - base alloys

Copper and copper-
base alloys

Nickel and nickel- base
alloys

Titanium and titanium-
base alloys

Zirconium and
zirconium — base alloys

Welding

P-No. 1 through P-No.
11 inch. P-No. 5A, 5B,
and 5C

P-No. 21 through P-
No0.25

P-No. 31 through P-No.

35

P-No. 41 through P-No.

47

P-No. 51 through P-No.

53

P-No. 61 through P-No.

62

P-No
103

P-No

P-No

P-No
112

P-No.

P-No.

Brazing
. 101 through P-No.

. 104 and P-No. 105

. 107 and P-No. 108

. 110 through P-No.

115

117



g P-NO. o7 lp UNS Slelis ojled b glagly 36 51 =

o lods 2 b glal 8 W& .abb oud aid 5 ki 4o Group-No.

g P-NO. sl (il S LT UNS-No. a5 b ,is ASME

UNS U SB-163 Jlw 4yl 4 .cuils wonles |, Group-No

UNS U olilé sloi ool pmbo .cawl P-No. 45 I, No8800

P- oo o,e ¢ SB-514 SB-408 .SB-407 ,.k5 No8800
&yl 1y No. 45



QW-400.2 S- Numbers (Non- Mandatory)

L g wilous oG ASM B 31. busgs 45 gdlgo 3l diws ol gl S-NoO.
Slgo Camad 48 Lol wilousds axd dy Code Cases luwgs 45 golgo ]
ol suis o2 1,b 8,la5 51,8 ASME Sec 1 jlxo

dunis a5 o Group- NO. of pod 45 S-NO. L S-NO. cxi 3lgo | ™
S b= S-No. 31 eolaw! Lol . ilousds guuadnb woows WP-No.

Group-No. of yop 4 P-NO L P-NO. &G L a5 5,KCh95 slo gog, ™
Group- of yo2 4 1S-NO. b b S-NO. ploi gl sl oo au G
253,50 uuws b NO.

Group- of yop 4 S-NO. L S-NO. G L a5 5, 9> s gy LI =
odows d G 3,90 P-NO. U 58190 g1y -Aigds o0 uus G NO.

L P-NO. sl 1o a5 aioS 0 colisiw! solgo 3l &5 o ,lbg> b ogy ™
gl a b wllas jolu S o Wyl witwes P-No.



S- Cexd Wb i Wigws o0 ddgi ASME o jlaibiw! cxi a5 golgo ®
Ologns 4 Wi ad ,§ s yo Group-No. of je 4 S-NO. L No.
P-No. 8 ¢ Group-No.1 l,ls SA-240 Type 304 .o : Jlio
9 Group- No. 1 l,ls o A 240 Type 304 s¥g8 pl by conl
Ll o0 S-NO. 8
I gz ke 4S5y 00 50 3l b9a &yl wnli S lo3T cas
&'y 69 2,5 9wl Group-No. of jo2 4 P-N0. i P-NO. _wlul 5
algs uwl alive sGroup-No. of jos 4 S-NO 4 S-NO. olo



QW-0QB-422 Ferrous P-numbers and S-Numbers
Grouping of Base metals for qualification

Miinimimm Welding Brazing
Speciiied

Spec Type ar UkS Temsle, ks Geoup P- L Prodect

Mo, Erace Mo, [ Mo {11} Hao. Ho. Mo Form
SA-35 . KD24a00 2B 1 “a Flale
A3 Type F - 4B 1 1ol o Furrice weided (Wpe
SA-53 Tupa 3, Gr, & Fazsiee 4B 1 m Smls pie
2A.A% Typr E, Gr. A KO2ma LT 1 sl FasiFance waided pipe
A5 Tepe E, Gr. B KA 2005 i 1 11 - Rexlstanrs welded pipe
5a-5% Type 5, Gr. B KAOZ00S =113 1 161 Sinl pipe
SA-10E . KOF50q rel m Plpe flange
54106 B KO2ER1 L il Simi= pipe
5A-1RE B (LR R L] B 11 Ve Firle g
SAa.10k [+ LTI I Lkl Smie phes
A 1454 IPLE SV 10150 & ' Ve Ll Bar
L 1013 T10any ] ' Ve 0l Bar
A 10 Add Cw S1O201 Bd o 10l Bar
£A-134 Ces . — 11 Welded pipe
A 144 LzEan . 45 . 1 1 Ve 1Rl M Welded plgs
A 134 LY L KALTid L1 1 1 .. 1n1 C ‘Waltad plpe
A 134 AZE3E .. 5d 1 1 .- 111 c Welded pipe
A 134 AZREE Koesid 54 . 1 1 . 101 C welded plps
A 134 AIRSC - RE 1 1 .. 1n1 C ‘Weloed plps
A 134 285G KO2E01 55 1 1 -- 101 G ‘Weldeo plps
4134 A0k ' ol . 1 1 .- 1ol c ‘Welded pipe
SA-135 &, R 48 101 Vaa G E.R.W ppe
G4-135 B . &4 111 C E.F.W plpe
A 135 B . 48 .- 101 c ‘Wisddedh papge
& 130 B K303 & .- 1M1 f: Wisbimt pnn
& 139 L KR3L04 L) .- 10l C Wiskdrd pipe
A 139 U] Ko3G1a & .- 101 C ‘Wiskdel pipe
LT E KB3012 bE .- 101 o Wekdend pipe
A, 14E Dt v g ' .- 143 Calings

[%me Motes ak end of QWIGR-AZ2.)



QW-0QB-422 Nonferrous P-numbers and S-Numbers (Cont’d)
Grouping of Base metals for qualification

[T Wby Hriakiy
Sowafied

A UNE T o Tersiw, kil P- 5 L5 5 Sipeld), o St nal Fraghch

M. L] G Aler [Mwtr {131 . ] L3 L8 Caraihkr Thithas:, In Cérrpa mehon Fom
LI L] .. Ead 143l F . 17 21 1-H - Al Cotims
B 2m SETOd, 5 21 1= .. al-%1 Curlirgn

chmal, Tro
B 2b - LR s k1 . F] T Al-al Laehnge.
11w, Ik

LH.92 Ligmag 174 Bl k1] EE ] . E]: B . e All GOS0 + A Smin. prer
=B-a] L E ] 11k RIS A6 15} 1] Cn .. - Cn 1.6-13 ke + g Aivls. pipa
ZH.93 Lal:ky ] 17 Han LERTH] b5 ] e v e ‘- LIS el G mAGe + Ag Smin plee
SH-ad LHE. 1] LEL) 1l an LY | e HIE . . Al SAACy + M Srald. pipa
EE LT (a1 ] ik H3a L] b ] ' . .. e PR L] T0ACu | kg Srds ploe
5042 CL20 0 £th lloo EL ] 31 Cn Cn Ce e a2.12%>, incl A5 4Gu + ag I o
843 L1730 ra} L LT ap 11 103 .- . al 909Cu | &g Sml ppe
FB42 C1=in Lo H=R kA a1 . e . . Fi- o T 9590k + AQ ETV T
842 k1220 m Hed EEL m . . . - 01252 ind ARl + Ag snks pope
9817 Gaanm . ‘e L 1=z o 17 P Arnneakd al 1ain ol ppe
4n-41 [H el 155 .. 17 BECu En In Pb Caszirrgn
GH-42 CEdBLU . can 153 Cas cen 1a7 . cen . BLCUs S Ens ke amings
B en CgzIn mE =0 1] . 1e7 .. . FRORCH + &g Tuket:
Rl Cl2oln Ly u] a1 - 1e7 P v wrsl | Ap Tuba
H &8 L1340 12F L] n . 17 - . By + A9 Tk
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SHirh L103ap i i L] A1 e - Va LisiT #rxam All TL.EMu + Ag tmb. tube
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QW-423 Alternate base Material for welder Qualification

Ogos oolastwl 1 Jouar 5l (g o0 (ilHBgxr Syleo pulojl 0590 50 ®

Base Metal (s) for Welder
Qualification

P-No. 1 through P-No. 11,

P-No. 34, or P-No. 41 through P-
No. 47

P-No. 21 through P-No. 25

P-No. 51 through P-No. 53 or P-
No. 61 through P-No. 62

Qualified Production Base
Metal (s)

P-No. 1 through P-No. 11, P-No.
34, P-No. 41 through P-No. 47
and unassigned metals of similar
chemical composition to these
metals

P-No. 21 through P-No. 25

P-No. 51 through P-No. 53 and P-
No. 61 through P-No. 62



odlops b o 5 laibiw! wlasien b 138 ol » QW- 423.2
solisiwl ol y,Blie> wiylee swbeyl cus a5 Specifications
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S Sbgz gy wml sl p asly ©l3ls 5l eslinwl QW-424

Base Metals used for Procedure Qualification

QW/QB-422 Jgu> 40 &5 wime ol ASME 1 51 jlxo Slgo ™
o P-NO. ¢l 18

bl dlge 93> wb wcwws P-NO. ly)ls a5 colgo 31 atws of =
QW- Slisde whel p asST ;K0 wigd goosdib (ouis (gutudiwd)
il UNS o losis ol ylo a5 wigds bl g0lgo 3l dsws ol 935 420.1
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Base Metal (s) Used for Procedure
Qualification Coupon

One metal from a P-Number to any metal
form the same P-number

One Metal from a P-Number to any metal
from any other P-Number

One metal from P-No. 3 to any metal from
P-No. 3

One metal from P-No. 4 to any metal from
P-No. 4

One metal from P-No. 5A to any metal
from P-No. 5A

One metal from P-No. 5A to a metal from
P-No. 4 or P-No. 3, or P-No. 1

One metal from P-No. 4 to a metal from
P-No. 3 or P-No.1

Any unassigned metal to the same
unassigned metal

Any unassigned metal to any P-Number
metal

Any unassigned metal to any other
unassigned metal

Base Metal Qualified

Any metal assigned that P-Number

Any metal assigned the first P-Number to
any metal assigned the second P-Number
Any P-No. 3 metal to any metal from P-No.
3orP-No. 1

Any P-No. 4 metal to any metal from P-Nos.
4,3,0r1

Any P-No. 5A metal to any metal from P-
Nos. 5A, 4, 3, or 1 metals

Any P-No. 5A metal to any metal assigned to
P-No. 4, or P-No. 3, or P-No. 1

Any P-No. 4 metal to any metal assigned to
P-No. 3 or P-No. 1
The unassigned metal to itself

The unassigned metal to any metal assigned
to the same P-Number as the qualified metal
The first unassigned metal to the second
unassigned metal



F- Numbers QW-430

S wilod ol Gun ol b QW-432 Jgaz 5 F-NO. slaasiad -
wilw g Blas a1y, b WPQ ¢ b POR slass

Usability osliw! cabl 51 casl cybe F-NO. wbol glos ®
0SS o 38 g Lo g

L oSl g oSy wiild o3l sbwo 4 F-NO. slaguivainl =
Plegs oadsS p 38 g wly HB oS Balld (58,5 Sl 5o (g eSS

3 )b hgx Gl Fule oldes (Sl jlele (S
it 6)'°)~?°)-Q-2 2] 12978,V P

QW-432.1 Steel and Steel Alloys

-432. uminum and Aluminum — base Alloys
QW-432.2 Alumi d Alumi base All
QW-432.3 Copper and Copper- Base Alloys

-432. ickel and Nickel- Base Alloys
QW-432.4 Nickel and Nickel- Base All
QW-432.5 Titanium and Titanium Alloys
QW-432.6 Zirconium and Zirconium Alloys

QW-432.7 Hard-Facing Weld Metal Overlay



QW-432 F-Numbers
Grouping of Electrodes and Welding Rods for Qualification

F-No. ASME Specification AWS Classification
Steel and Steel Alloys

1 SFA-5.1 EXX20

1 SFA-5.1 EXX22

1 SFA-5.1 EXX24

1 SFA-5.1 EXX27

1 SFA-5.1 EXX28

1 SFA-5.4 EXXX(X)-25

1 SFA-5.4 EXXX(X)-26

1 SFA-5.5 EXXX20-X

1 SFA-5.5 EXXX27-X

2 SFA-5.1 EXX12

2 SFA-5.1 EXX13

2 SFA-5.1 EXX14

2 SFA-5.1 EXX19

2 SFA-5.5 E(x)XX13-X

3 SFA-5.1 EXX10

3 SFA-5.1 EXX11

3 SFA-5.5 E(X)XX10-X

3 SFA-5.5 E(X)XX11-X

4 SFA-5.1 EXX15

4 SFA-5.1 EXX16

4 SFA-5.1 EXX18

4 SFA-5.1 EXX18M

4 SFA-5. EXX48

4 SFA-5.4 other than austenitic and duplex EXXX(X)-15

4 SFA-5.4 other than austenitic and duplex EXXX(X)-16

4 SFA-5.4 other than austenitic and duplex EXXX(X)-17




Welding Data QW-432 (Cont’d)
F-Numbers
Grouping of Electrodes and Welding Rods for Qualification

F-No. ASME Specification AWS Classification
Steel and Steel Alloys (Cont’d)
SFA-5.5 E(X)XX15-X
SFA-5.5 E(X)XX16-X
SFA-5.5 E(X)XX18-X
SFA-5.5 E(X)XX18M
SFA-5.5 E(X)XX18M1
SFA-5.4 austenitic and duplex EXXX(X)-15
SFA-5.4 austenitic and duplex EXXX(X)-16
SFA-5.4 austenitic and duplex EXXX(X)-17

(e)NerNeorNerNorNerNopNorNerNopNorNepNorNep) o101 01 AR M

SFA-5.2 All Classification
SFA-5.9 All Classification
SFA-5.17 All Classification
SFA-5.18 All Classification
SFA-5.20 All Classification
SFA-5.22 All Classification
SFA-5.23 All Classification
SFA-5.25 All Classification
SFA-5.26 All Classification
SFA-5.28 All Classification
SFA-5.29 All Classification
SFA-5.30 In Ms-X
SFA-5.30 INSXX

SFA-5.30 IN3XX(X)




QW-432 (Cont’d)
F-Numbers
Grouping of Electrodes and Welding Rods for Qualification

F-No. ASME Specification AWS Classification
Nickel and Nickel alloys

41 SFA-5.11 ENi-1

41 SFA-5.14 ERNi-1

41 SFA-5.30 IN61

42 SFA-5.11 ENiCu-7

42 SFA-5.14 ERNiCu-7

42 SFA-5.14 ERNiCu-8

42 SFA-5.30 INGO




Welding Data

QW-432 (Cont’d)

F-Numbers

Grouping of Electrodes and Welding Rods for Qualification

AWS Classification

Nickel and Nickel alloys (Cont’d)

-No. ASME Specification
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.11
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.14
43 SFA-5.30
43 SFA-5.30
43 SFA-5.30

ENiCrFe-1
ENiCrFe-2
ENiCrFe-3
ENiCrFe-4
ENiCrFe-7
ENiCrFe-9
ENiCrFe-10
ENiCrMo-2
ENiCrMo-3
ENiCrMo-6
ENiCrMo-12
ENiCrCoMo-1
ERNICr-3
ERNICr-4
ERNICr-6
ERNIiCrFe-5
ERNiCrFe-6
ERNIiCrFe-7
ERNiCrFe-8
ERNiCrFe-11
ERNiCrCoMo-1
ERNiICrMo-2
ERNiICrMo-3
INGA

IN62

IN82




QW-432 (Cont’d)
F-Numbers
Grouping of Electrodes and Welding Rods for Qualification

F-No. ASME Specification AWS Classification
Nickel and Nickel alloys (Cont’d)

45 SFA-5.11 ENiCrMo-11

45 SFA-5.14 ERNiCrMo-1

45 SFA-5.14 ERNiCrMo-8

45 SFA-5.14 ERNiCrMo-9

45 SFA-5.14 ERNiCrMo-11

45 SFA-5.14 ERNiFeCr-1




*e

P92 b cuS i QW -440

PQR g WPS 5 sl QW-404.5 (wlul 1 (92 318 (o2l oS 5
A?\IVerr?sgrs .OO; om
Classification of Ferrous Weld Metal Analysis for Procedure Qualification
Analysis, % [Note (1)]
A-no. Type of Weld Deposit C Cr Mo Ni Mn Si
1 Mill Steel 0.20 1.60 1.00
2 Carbon — Molybdenum 0.15 0.50 0.40-0.65 1.60 1.00
3 Carbon (0.4% to 2%) — Molybdenum 0.15 0.40-2.00 0.40-0.65 1.60 1.00
4 Carbon (2% to 6%0)- Molybdenum 0.15 2.00-6.00 0.40-1.50 1.60 2.00
5 Carbon (6% to 10.5%)- Molybdenum 0.15 6.00-10.50 0.40-1.50 1.20 2.00
6 Carbon — martensitic 0.15 11.00-15.00 0.70 2.00 1.00
7 Carbon - Ferritic 0.15 11.00-30.00 1.00 1.00 3.00
8 Chromium- nickel 0.15 14.50-3.00 4.00 7.50-15.00 2.50 1.00
9 Chromium- Nickel 0.30 19.00-30.00 6.00 15.00-37.00 2.50 1.00
10 Nickel to 4% 0.15 0.55 0.80-4.00 1.70 1.00
11 Manganese- Molybdenum 0.17 0.25-0.75 0.85 1.25- 1.00
2.25
12 Nickel — Chrome- Molybdenum 0.15 1.50 0.25-0.80 1.25-2.80 0.75- 1.00
2.25
Note:

(1) Single Values shown above are Maximum.



QW-433 Alternate F-Numbers for Welder Qualification

“Qualified wlooss sislojl o Gub p a5 o F-NO. wlwl p o, ig> aul Jgus ™
Wigw oo dm b wlwl ol g a5 s F-NO. 31 aws o g With”

Qualified with | F-No.1 | F-No.1 | F-No.2 | F-No.2 | F-No.3 | F-No.3 | F-No.4 | F-No.4 | F-No.5 | F-No.5
- with without with without with without with without with without

Qualified For | | Backing | Backing | Backing | Backing | Backing | Backing | Backing | Backing | Backing | Backing

F-No. 1 with

X X X X X X X X X X X
Backing

F- No.1 without
Backing

F-No. 2 with
Backing

F- No.2 without
Backing

F-No. 3 with
Backing

F- No. 3
without X
Backing

F-No. 4 with
Backing

F- No. 4
without X
Backing

F-No. 5 with
Backing

F- No.5
without X
Backing




Qualified with

Qualified Fur

Any F-No. 6
Any F-No. 21 through F-No. 25

Any F-No. 31, F-No. 32, F-No0.33, F-
No. 35, F-No. 36, or F-No0.37

F-No. 34 or Any F-No.41 through F-
No. 45

Any F-No. 51 through F-No. 54
Any F-No. 61
Any F-No. 71 through F-No. 72

Note:

Any F-No. 6 [Note (1)]
Any F-No. 21 through F-No. 25

Only the same F-Number as was used
during the qualification test

F-No. 34 and all F-No. 41 through F-
No. 45

All F-No. 51 through F-No. 54
All F-No. 61

Only the same F-Number as was used
during the qualification test.

(1) Deposited weld metal made using a bare rod not covered by an SFA specification but which
conforms to an analysis listed in QW-442 shall be considered to be classified as F-No 6.



QW450 Specimens
QW-451 Procedure Qualification Thickness Limits and Test
Specimens

QW451.1
Groove — Weld Tension Tests and Transverse- Bend Tests

Range of Thickness T Thickness t of Deposited Weld
of Base Metal Qualified, in. Metal Quakfied, in. Type and Number of Tests Required
[Nate{11] [Note (13] (Tenslon and Guided-Bend Tests) [Nowe {4)]

Thickress T of Test Tension Side Bend Face Bend  Root Bend

Coupon Welded, in. Min, Max. Max. Qw-150 OW-160 OW-150 W 1sl
Less than Y, T 27 2t 2 L 2 2
"f,, te %, incl. Y, 27 2t 2 Nate (1) 2 2
Over 3%, but less than Y. 2T 2t 2 Nate (3) 2 2
¥, to less than 135 s 2T 28 when £ < 3 2 (5) 4
3% to less than 1% . -4 2T when 1 = ¥ 2 (5) 4
13 and over . g (2 2t when £ < 3 2 {5) 4
134 and gver s amim B (2) when £ 2 % 2 (5 4

NOTES:

(1) See QW-403 1.2, 3, .6, .9, .10), QW-404.32, and QW-407.4 for further limits on range of thickness quatified. Also see QW-202 (2,
3, .4) for allowable exceptions,

{2] For the welding processes of QW-403.7 only; otherwise per Note (1) or 2T, or 2¢, whichever s applicable,

{3) Four side-bend tests may be substituted for the required face- and root-berd Lests, when thickness T it 3 in. and over,

{41 Far cambination of welding procedures, se= OW-200.4,

{5} See QW-151 (.1, .2, .3} For details on multigle specimens when coupon thicknesses dre over 1 in,



QW450 Specimens
QW-451 Procedure Qualification Thickness Limits and Test
Specimens

QW451.2
Groove — Weld Tension Tests and Longitudinal - Bend Tests

Thickness ¢ of

Range of Thickness T Depasited Weld Matal Type and Number of Tests Required
of Base Metal Qualified, In, Qualified, in. Tension and Guided-Band Tests)
[Note (1)) [Note (131 [Note (2)]
Thickness 7 of Test Tensien Face Bend Raot Bend
Coupon Welded, in. Min. Max, Max, QW-150 Qw-160 Qw-160
Less than 3, T i 2t ? 2 2
Ye 10 % incl, s 27 2t 2 2 2
Over % Yo 27 2t 2 2 2

NOTES:

(1) See (W-403 (2, .3, .6, .7, .9, .10), W-404.32, and QW-407.4 for further fimits on range of thicknesses qualified, These are akso
applicable to deposiied weld metal thicknesses. Alsa see QW-202 (.2, .5, 4} for 2llowable exceptions.

(23 For combination of walding procedurss, see OW-200.4,



QW451.3
Fillet-Weld Tests?

Type and Number of Tests

Type of Thickness of Test Required [W-462.4{a) or QW-462.4(d)]
Joint Coupons as Weided, in. Range Quallfied Macro
Fillet Per QW-242 4(a} All fillat slzec on all base 5
metal thicknesses and afl
diameters
Fillst Per QW-462.4(d) 4
NOTE:

(1) Production assembly mockups may be substituled in accardance with QW-181.1.1. When production assembly mockups are vsed, range
qualified shail be limited to the fiflet sizes, base melai thicknesses, and comtiguration of the mockup.

Qw-451.4
FILLET WELDS QUALIFIED BY GROOVE-WELD TESTS

Thickness T of Test

Coupon (Piate or Pige) Type and Number of Tests
as Welded Range Qualified Required
All groove tests All fillet sizes on all base Fillet welds are qualified when
metal thicknesses and all the grogye weld is qualified
diamaters in accordance with either

GW-451.1 or JW-451.2 (see
QwW-202.2




QW452

Performance Qualification Thickness Limits and Test Specimen

Thicknass { of Type and Number of
Deposited Wald Metal Tests Required
Qualified, in. [Note (21] (Guided-Bend Tests)
{See QW-310.) [Nates {3},(4),(8))
Thickness of Face Bend Root Bend
Type of Test Coupon Side Bend (Note (5}
Joint Weldad, in. [Nole (1)] Max. Qw-462.2 QW-462 3a) Qw-462.3(2)
Groove Up to %, incl, 2t Note (&) l 1
Groove Ouer 3 but less than ¥, 2t Note (7) l 1
Groove 3 and over Mayx, to be 2 .
welded

NOTES:

{1} When using one, two, or more welders, the thicknass ¢ of the deposited weld metal for each welder with each process shall be defermined

and used individually in the Thickness column.

(2) Two or more pipe test coupons of different thicknesses may be used to determine the deposited weld metal thickness qualified and that
thickness may be applied to production welds tp the smallest diameter for which the welder is qualified in accordance with OW-452.3.
(3} Thickmess of test coupan of %, in. or over shall be used for qualifying a combination of three or more welders each of which may use the

same or a different walding process.

{4} To qualify for positions 5G and 6G, as prescribed in QW-302.3, two root and two face-bend specimens or four side bend specimens, as

applicable to the test coupon thickness, are required,
{5} Faze- and root-bend tests may be used to qualify & combination test of;
{21 one welder psing twa welding processes: or
{) Lwo weiders using the same or a different welding process,
{6 For & 3 in. thick coupon, 3 side-bend test may be substituted for each of the required face- and root-bend tests.
{71 A side-bend test may be substituted far sach of the required face- and raot-bend tests,
(8) Tesl coupons shall be visually examined per QW-302.9.



QWwW452.2
Longitudinal — Bend Tests

Type and Mumber af Tests Required

Thickness ¢ of Deposited (Guided-Bend Tests]

Welid Metal Qualified, in. [Note (2]
Thickness
Test Coupon Face Bend Raot Bend

Type of Welded, in, [Nota (3)) [Note (3)]

Jaint [Note {1)] Max. QW-ab2.3(b) GW-462 (0}

Groove Up to 3, incl, 2t 1

Groove Dver 15 2t 1 1
NOTES:

(1) When using ane_ two, ar more welders, the thickness ¢ of the depasited weld metal for each welder with each process shall be determined
and used individually in the Thickness column.

(2) Thicknass of tast coupar of 2, in. o over shall be used for qualifying a combination of three or more welders, gach of which may use the
same or a different welding progess.

(3) Face- and root-hend tests may be used to qualify a combination test of;
{2) one welder using two welding processes; or
(b) two welders using the same or a different welding process.



QW452.3
Groove — Weld Diameter Limits ¥

Outside Diameter

Qutside Diameier - Qualitied, in.

af Test Coupon, in. Min. Pax.
Less tha:;___ Size welded Unlimited
1 10 less than 27, 1 Unlimited
27 and aver 2 Linlimited

MOTES:

(1] Type and number of tests requlred shall be in accardance with
QW-452.1.

(2) 27 in. 0.D. s the equivalent of NPS 2%



QW452.4
Small Diameter Fillet- Weld Test %%

Qutside Diamater Mimimum Outside Diameter Thickress
of Test Coupon, in. Dualified, in. Qualified
Less than 1 =78 weided All
1 to less than 27 1 All
275 and over 27 All
NOTES:

{1} Type and number of tests required shall be in accordance with QW-45¢ 5.
{2} 2%, in. 0.0. is considered the equivalent of NFS 234,



QW452.5
Fillet- Weld Test?

Type and Number of Tests

Thickness of Required (QW-462 4(h} or QW-462 4ic)]
Test Coupon a3
Type of Joint Welded, i, Range Qualified Macrg Fracture
Tee fillet Ne - % All base material thicknesses, 1 1

fillet sizes, and diameters
2% 0.0, and over L1}
Less than 3, T to 27 base material thickness, 1 1
T maximum fillet size, and all
diameters 2% 0.0. and over (1)

NOTE:

(1) 2 in. .0, is considered the squivalent of NPS 2%, For smaller diameter qualifications, refer to QW-452.4 or QW-452.6.

{2) Production assembly mackups may be subshituled in aceordance with QW-181.2.1, When peoduction assembly mockups are used, range
qualified shail be Jimited 10 the fillet sizes, base metal thicknesses, ang configuration of the mockup.



QW452.6
Fillet Qualification by Groove- Weld Tests

Thickness of Test Coupon Tipe and Number of Tests
Tvpe of Joint a5 Welded, in. Range Qualified Required
Any groove All thicknesses All base material thicknesses, ”#illtt welds are qualified when 2
fillot tizes, and diamters weider/weldlng operator quali-

fies on a gragve weld test




QW461.6
Fillet welds in pipe — Test positions

S B w
@ = =

45 deg. I

{a} 1F (Rotated) {bl Z2F {¢} ZFR (Rotated)

(®

{0

a5 €0t

id} &F {e} 5F



QW462.1 (d)
Tension — Reduced Section — Turned Specimens

] A

L —Ssamm T
L Sy §

{——1

A/

ol A g —p
|
Standard Dimanzions, in
[w} 1] {e] (d)
{.505 5 pacimen 0.353 Spaciman 0.252 Speciman 0. 188 wpoeciman

A — Length of reduced section [Mata (1)} |Mote 1] [MNote (11 [Nale [1)]
0 — Diameater 8500 =010 0,350 0,007 0.250 +0.005 .1BE =0.003
A — Aadiue of fillat 1/B, min. 1/4, min, 31186, min. 18, min.
8 — Length of end section 1-3/8, approx. 1-118, approx. 718, approx. 112, appyox.
£ — Diamatar of end sactiah ira 112 318 114

GENERAL NOTES:

la) Use maximum diameter apecmean (a), (b}, [cl, ar Id} that can be cut from the saction.
Ib) Weld should be in centar of raduced zaction.

lc) Whars onty a single caugon is reguired tha canter of the specimen should be midway between the surfaces.
Id] Tha ends may be of any shape 1o fil the holdery of the testing machine in such a way that the losd is applisd sxially.

MOTE.
1) Reduced =actinon A shguid not ba lass than wicth of wald plus 20.



QW462.1 (e)
Tension — Full Section — Small Diameter Pipe

.{

A

Weld reinforcameant shatl ba
rmachineg flush with base metal,

\
ROl
A

II|:]':"Hin.I
-F- . Y S

b— -jayws of wasting rmachine
: . Cmin.

—_—— =

Phug




QW462.4 (c)
Fillet Welds in Pipe - Performance

Diraction af hend
Quartar saction — Maoro specimen
T = wall thickness

Quarter gection —
/ Fractura specima\
T | |
2 in. I
mir. 1"—"‘/":
I near center of bend \zi 1 |

/ | |

* / S 2nomr, il :
| ™~ ]

| |

# Max. fillet size = T

Bese metal thickness = T Wall thickness = T
GENERAL NQTE: Either pipe-to-plate dr pipe-topipe may be used as shown.

Srart and stop of weld | |

N




QW462.4 (d)
Fillet Welds in Pipe - Procedure

T = wall thickness

Quarter section —
—_—_ Macro specimen —

* "f—“: z {4 required)

] ) " !
3in. 1 :v;F f
min. [ r"'_'_r'T

i

I |

| Start and stop of weld |
| rnear canter of specimaen |

7 |
¢ F) 2. min,
Fi
1
I
]

e

|
| !
| E
| r
| :
| :

T Maxu, fillet size = T

Base matal thickness &= T
Wall thickness = T

GENERAL NOTES:

{1] Eithar plpa-to-plata or plpe-to-pipa may ba uzad as shown,

{21 Macro tast:
{a} The fillet shail show fusion at the root of tha wald hut not necassarily bayond the reot.
{b) The weld metal and the heat affacted zone shall be free of cracks.




QW-463
Order of Removal

Criscanc] this piece
SRt T T T, P e i e e Drixcmrad this pieco
Roduced section tensile speo hnen b= - o wm b e e o o o e e e e
l—— — - i — Sice borsd e | e
= — — — = — e T T T T e wem e mmm sl el ——————-—-_1-——:___.-_.—_'—I—|
Root and i TN
e e e e e e e e e o = Fechicod section tansile maaciman
Faeow barsgl S Ci rTEaEr e T e T Ty o s T T
e e e = e e e e e e e e Ticde Erarscd BN T T
Root bend apeciman T emebend | ] seecwmen ]
Foce bend up brrien Regduced sectlon rensila spocinmon
Reduosd ssction tanuile soecimeen L:_?_m_:-_ﬁi T ______':;::1_‘:____‘-
Criscard this plear Crimscral rhis i mm

[ NY/4 ] [ \NZ

OvW-463.1{(h] PLATES — %5 IN. AND OVER
QW42 RLATES  ceas THAN v . T RNEES NG A Termatt i 3 N
LESS THAMN %5 IM. THICKMNESS

FROCEDURE QUALIFICATION

Drisgard

oo riggi e el irial

-H-___.—-—-'-_'_. fans-tsarmo

B TN

A ] L o] = S Doy
- tERSi e SPoe En

Lo e | eased e

.-.__...-'—'_'_'_' Fo-ot-bend

speci mnn

r_—____—— gt i vt
= Tt et

R e

Aedl ueac-swstion
— tanzile speci man

-:__'_,___————- Lo Frwaed | Fvamd
- rooc-bend

[ ——

[T
OW- 463 1{c) PLATE:S — LAOMNGITUDINAL

PROCEDURE QUALIFICATION



QW-463
Order of Removal

ap iy - Reduos] saciion
o e @

-- Faceg nend
Heoot bend

Harizartal pdane

{ | ] Ifwhm.pi;hmlda.d ) '| 'l
in heximmand

fixbd putiLlan]

- Aoal berd
FoacA bend

- Fracduced saction
turaila

QW-4b63.1[dy PROCEDURE QUAEIFICATION

e ‘!'ﬂﬂ = Rledued sbetion
e = : taraly

Bids bend <

— 5Sida bend

Horzanzal plane
lwihen mpe i vwe o=d

. - W .
N heribartal fieed
PO Lo

TN

Sicka e St Bend

.Hu;lur_ed wrtian
e nxile

-4563 1) PROCEDURE QUALIFICATTON



QW-463
Order of Removal

b deg.
10 deg. ’— 10 deg.

Horirontal reference
line far the BG or 66
positicn .

QW-463.1{f NOTCH-TOUGHNESS TEST SPECIMEN LOCATION



this prace

D iseord thig prisce
| Y4
L
DW-463.2{ay PLATES — LESS THAN 14 TN,

QW-463
Order of Removal

THICKNESS PERFORMANCE QUALIFICATION

Clinenrd

H

T
i

this
2 e

i

[ .
| N L7

QW-463.2(c) PLATES «— LONGITUDINAL PERFORMANCE QUALIFICATION

Qieaarct

Efvis £iieese

this pieon

R _q?_

QW-463.2(b) PLATESE — 3 IN. AND OVER

LESS THARN %

THICKNESS AND ALTERNATE FROM %% IN. BUT
TN, THICKMNESS

PERFORMAMCE QUALIFICATION

Longltudinal
Tz -FamFied
APBCi man

LerngiTused iral
r oot - sl
$EEE FTHETY



QW-463
Order of Removal

90 deg.

\(Macrn
spEciman

Fractura
SpaGimen

30 deg.

/

Fracture specimen to be removad from lower 80 dag.
zaction In position 5 f

QW-463.2(h) PERFORMANCE QUALIFICATION




QW-466
Test Jigs

Tappedg hole to =it
Tt g e Hardoned ralbare 1-172 in. dism,

mimy by aubst ituoted for g shouloers

i P r-q'ulr-:l ' I_-i.ﬂ- reo i ——————ay
+

1 e T

Snoulders hardened :-.12-':-
. Cial- =g TS T = i,
Hrd G ' 9
1-1/8 i, I E
154 i, —-I = =
E E
= =
o o
1 Pl g
b P Ill._E —_— =
I EFENTN |
2 in. — ¥
i
ok Rl o W T N
A-TFA in. =
Thicknees ol
A e riial Specimen, in. A in Iin =T o Iin.
FeMo, 23 o Fohlo, 2X; PoBo, Z2X with FoMao, ZA7 P-hNo, 357 1B RS L Y 1-17232 2-27H 1-3 4
Pepo, MM wikth F-Mo. 3 P LA oF lesm Ab-T/Pr He 1A LB-1+/2¢ + 14lk Q.1 4F 4+ ESRE
P-Ma, 11; P-No. 25% ta P-BMo. 21 or P-Bo. 22 or #-Ho. 25 AR 1T L-1rd & A 1-10hdix
I — =8 oF loss [T w-AsER L E-FE T Y] B-1s38 + Lile
P-Mo. S5k a8 = 1-142 ER 1-W5S L
{ = a3 or less B ar LIFE 4+ L3 SE o+ Lflds
P-Mga, 5&, P-Ma. 53, P-Ra. 41, P-No. &2 BTy E-Thd A-Fr Et i T ]
£ = A\ or luss 10 =1 LEE + 148 & o+ LI1E
Ail othgry Wikl greater e ar ool UG 200 @ langation T | 1-173 e | oF_ mrER 1-351
¢ = AR or leas ai =r & kLA BE O+ 1SLé
Al pthers wwith e than Z20% wlongatian f = dnee Moie D) E2-FrHET, Ak FALEE, BO-FFAE O LALd, BT OFLLE&EE O+ ArAE,
rrax T R Ak

GEMERAL MOTES:

Wmi B FoRlasrmabsers, s W -3 23 for E-Rlurmberrs, see 4 WS E 2

b} The dimeenzrons of the test jig shall B such &% to give the bongd Lest apschren o calculabed percent owter Hbeer slanogeat lom eguaal to at lesast Lhat of the Base
miaterial wwilth thwe owssr mminirreadn eoformgaliaon s spocifiad in the Date material opesc| B alkbon .

el oter Fibeer elangalien = ;D:”t

The following formula is erovoed for conueniencs i calodiating the bend specimen thickmese:

A= pEEecEnt & lacigatian

thickness of specimen 27 =
FLO0m — (peencent elonaations§

2l For gulded-bBend jig configuestion, see W de6.F, QW-ae6.3, and QW s

iy The weld ard Faal affected 2one, i the case of 4 transverse weld bend specimen, shall b complebe iy within the bend porbion of Lhe &g v after 1EsTing.

GW-q&5.1 TEST JIG DIMENSIONS



QW-466.2
Guided — Bend Roller Jig

[Notes (11, {2)] "

[Notes (4}, (B)]

GEMERAL NOTE;
See Table QW-466.1 Tor jig dimensiens and general notes,

NOTES:

1)
(27

(3]

(4

(5]

Either hardened ard gréased shoutders or hardened rollars free to rotate shall be used.

The showlders or rellers shall have & minimam beariog surface of 2 in. for placement of Lhe specimen. The rallers shall be high enough above the bottom of
the ey 50 Lhat the specimens will clear the rollers when the ram is in tha low position.

The ram skhall ke fitted with an appropriate base and proyision made for atlachment Lo the tesling machine, and shall be of a sufficiently rigid design to
prevenl deflectian and misalignment while making the band tast. The bBody af the ram may be lese than the didenzions shewn i column 4.

If dasirad elther the rodlers or the roller supperts may be made adjustable in the borizcontal direction so that specimens of £ thickness may be tested on the

same yy.
THe roller supports shalt be fitted with an Zppropriate base designed to safeguard against deflection or misalignment amd equipped with means for maintaining

the rollers centered midpoint and aligned wath respect Lo the ram,



Article VV

1 gy 03l Wiled oo 93 Lty o o yluiliw! GLWPS — QW-500
el ous Cumad Appendix E o a5 o WPS

SlhisMo ,0 ¢ Colw o izl pb glyle Wb o laituw! sLWPS
ik cbaol g &, g Fabrication

dolip yo Wb i pS 1,8 colisiwl Oy90 Cawl 1,8 a5 g0 luitw! LWPS
38,5 w8 QC

Slee 4 .uil jlre cole GbuS b wb o lailow! g WPS ;i oslizuw!
:Sec | o Jlw

J1/2” cwlrs wSlas> L o P-N0O1 Grl | 2 ¢ P-No & Grl ;o his
GTAW . SMAW laussT,s o PWHT o, ie> 51 w5 yly> <ldos
el jlxo 8 jlailiw! s WPS jl solaw! FCAW 4

Al p3Y 4 o islojl A 90 40

WPS &b 1, Groove e 3l Test Coupon aiges <& wob owijlw
Censl QW-510 (d) b g5 i -yl o3l 3 (5,89

suol QW-540 ,o8 s,luibw!l v WPS ;I soliiwl ey pibias Oledbf

s



