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Components, % (V/V) Typical ‘
4 applications Remarks
>01015 TIG,
plasma arc welding, Reducing
2 Balance » 151035 plasma arc cutting,
back shielding
1 100 . MIG, TG,
t 2 100 Plasma arc welding, Inent
3 Balance | 01085 back shiekding
1 »0t05 Balance ! »0105 Slightity
M1 2 0105 Balance 3 oxidizing
3 »0103 [Balance ?
4 »0105 | 0103 [Balance?
1 ’51025 Balance
M2 2 »31010 [Balance @ MAG
3 »0105 | »31010 [Balance?
4 »51025 | 20108 [Balance ?)
1 > 25 10 50 Balance 7
M3 2 »1010 15 |Balance ? <
3 »51050 | »81015 [Balance ? More
C 1 100 prcnounced
2 Balance | *01030 oxidierend
3 1 100 Plasma arc cutling Unreactive
2 >0to 50 Balance back shielding Reducing
2) Argon may be replaced by up t0 95% helasm

1) Where components not listed are added to one of the groups in this table,

the gas mixture is designated as a special gas mixture and carries the perfix S. The helium content is designated by an addiio al

identification number:
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Selection guidelines for welding current

CMn and alloyed steels

1or1,6 160r2,0 30...40

1
20 i 1 160r24 160r2,0 70...80
3.0 i 1or2 24 24 ' 70...90
4,0 ltorV 2 2.4 24 70...130
50 v 3 240r3.2 24 75...130
6,0 \ 3 240r32 ~240r30 75...130

Aluminium C

AC, welding, position flat, butt weld

‘Plate - No. of .

‘thickness . layers . g .
1,0 ] 1 160r24 20 40...50
20 i 1 160r24 30 60...80
30 It 1 24 3.0 110-130
4.0 il for2 240r32 30 120-150
50 ltorV tor2 32 3,0 - 150-200

Copper

DC, electrode negative, welding position fiat, butt weid.

Plate No. of ‘Diameter o e

thickness .- layers electrode .= fillerrod .

1.5 I 1 1,6 20 90...100
3,07 1 1 3,2 30 150-200
5.0°) v 2 4,0 4,0 180-300
*) Pre heat

Note

For welding in horizontal and vertical positions, the current is approximately 10 to 20 % lower.
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direct current -alternating current

a

—e d

T
|

‘ = 20-25°
@ 220-252 * - =z
di
d I d di ly
1.0 2.5 1.0 0.5 ) 1.2
1.6 4.0 1.6 0.8 2.0
2.4 6.0 2.4 1.2 3.0
3.2 8.0 3.2 1.6 4.0
4.0 10.0 4.0 2.0 5.0
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Current carrying capacity of pure thoriated tungsten electrode as a function of diameter

Type of | Tungsten Current intansity
current | electrode too low too high
—_— thoristed @ @
- < )
pure
~/
f“c = )
thoriated
' i i ——’ '

Configuration of tungsten electrode end during welding with too low ccrrect and too high current intensity

30

TUNGSTEN=ARC, ALUMINUM ARC LENGTH
== Q.08 INCH
- 0.1 6 INCH
2s ' i
o L 4
e I
>20
[
o
<
g ]
« ARGON -t
« . . A -l o
o - -‘9‘ -
10 o= e
) T - Arc voltage characteristics of
o ' argon and helium
] 50 100 150 200 250 300 350 400

ARC CURRENT, ANPERES
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Deposition rate of submerged arc method
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<4— welding current
penetration depth increasing
/‘\ T e ——

U U

<4— welding voltage
bead width increasing .

—» Welding speed
bead width decreasing
penetration depth decreasing

19 SS9 S 89y 2 ol dRaedly 43U

250 42 50
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O

current: . f,{ 500 A 500A° 500 A
A
current density: 1020 39,8 25,5, AAmm?
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Analysis , %[Note 1]

A-No. Types of Weld Deposit C Cr Mo Ni Mo | Si
l Mild Steel 0.20 1.60 1.00
2 Carbon-Molybdenum 0.15 0.5 0.4-0.65 1.60 1.00
3 Chrome (0.4% to 2%)-Molybdenum 0.15 | 0.4-2.00 | 0.4-0.65 1.60 1.00
4 Chrome (2% to 6%)-Molybdenum 0.15 | 2.00-6.00 | 0.4-1.50 1.60 2.00
5 Chrome (6% to 10.5%)-Molybdenum 0.15 | 6.00-10.5 | 0.4-1.50 1.20 2.00
6 Chrome-Martensitic 0.15] 11.0-150 { 0.70 200 | 1.00
7 Chrome-Ferritic 0.15 | 11.0-30.0 1.00 1.00 | 3.00
8 Chromium-Nickel 0.15 | 14.5-30.0 | 4.00 7.50-15.0 | 250 1.00
9 Chromium-Nickel 0.30 | 19.0-30.0 | 6.00 15.0-37.0 | 2.30 1.00
10 | Nickel to 4% 0.15 0.55 0.8-4.00 1.70 1.00
11 Manganese-Molybdenum 0.17 0.25-0.75 0.85 1.25-2.25 | 1.00
12 | Nickel-Chrome-Molybdenum 0.15 1.5 0.25-0.80 | 1.25-2.80 | 0.75-2.25 | 1.00

NOTE : (1) Single values shown above are maximum.
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Tabulation of positions of groove weids _
Position Diagram reference Inchination of axis Rotation of lace
Flat A 0° 10 15° 153" 0 21G°
i . 80° 10 150°
Horzontal B 0%t 15 29010 280.
Overnea ] : J° to 80°
d ¢ 0 to 80 280° t0 360°
' 0 15° 10 80° 80" 10 280°
Yo € 80° 10.90° 0" 10 360°
~e .
1] ~a
1] e o
] S
] o R
X % -l _
, 80° -
| AXIS s
LIMITS >
' FORE (i

AXIS LIMITS FOR C

AXIS LIMITS FOR D

VERTICAL
/ PLANE
15°
- c:
e s LmiTs / .
<~ FORAS&SB o c - ‘\‘
Ss HORIZONTAL PLANE o=
oa‘/"/ -‘-_—"

Notes:
1. The horizontal reference plane is aways taken to lie below the weld under consideration.

2. The inclination of axis is measured from the horizontal reference plane toward the vertical reference plare.

3. The angle of rotation of the tac-ismwuyunummmmmﬁwmotmemumm
passes thrcugh the ax's of the weid. The reference position (0%) of rotation of the facs invariably points in the
deastior CLpusi'e 10 13t -0 wheh thy axis angle increases. Wren looking at point P, the angle of rotat o »¢ the
face of the weid is measured in a dockwise direction from the reference position (0°).
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Tadulation of postions of fitet welds
Position Diagram reference Inclination of axis Retadior: of face
Flat A 0°to 15° 150° to 210*
Horizontal B 0 to 15° | o a0
Overhead C 0° to 80° zag: : ;23:
Vertcal 3 20 to 90~ " o 00

-

AXIS LIMITS FOR C

AXIS LIMITS FOR O

\----------..-—--—---—-.-----.._

Positions of Fillet Welds
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GTAW
Tungusten Size (mm) Current (A) Volts(V) Travel Speed (Cm/min.)
1 50-80 7-13 3-10
1.6 60-140 7-13 5-10
2.4 80-160 7-13 3-10
3.2 150-300 7-13 5-10
250-500 7-13 5-10
SMAW

F

Position Diameter Polarity Current (A) Volts (V) Travel Speed (Cm/min.)
' 25 80-120 16-20 10-20
Flat & 3.2 AC or 110-150 18-22 10-20
Horizontal 4.0 DCRP 150-200 19-23 10-20
5.0 200-250 19-25 10-20
23 80-100 16-20 8-13
Vertical & 3.2 AC or 80-120 18-22 8-13
Overhead 4.0 DCRP 100-160 19-25 8-13
5.0 160-220 19-25 8-13

SAW

F

Position Diameter Polarity Current (A) | Volts (V) Travel Speed (Cm/min.)
1.2 120-240 20-30 30-30
All Position 24 AC or 250-300 25-35 40-60
AT TOSTHO! 3.2 DCRP 300-350 30-33 40-60
4.0 400-600 30-33 40-60
GTAW

E

Diameter Polarity Current (A) Volts (V) Travel Speed (Cm/min.)
1.2 150-220 20-30 10-20
1.6 DCRP 180-320 20-30 10-20
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Globular-to-Spray Transition Currents for a Variety of Electrodes

Win :

Moisom

Type n L Shisiding gas Carrent, A
Mid Sted 0.030 0s 98% argon - 2% axypen 150
Mad Stesl 0.038 0.9 98% argon - 2% axypen 165
Mid Steel 0.045 11 98% argon - 2% oxypen 20
Mid Steel 0.082 18 98% argon - 2% oxygen 215
Stainiess Steel 0.035 0.9 8% arpon - 2% axygen 170
Stsinisss St 0.045 11 98% wpom - 2% oxygm 25
Stainisss Staal 0.082 18 98% argon - 2% axypm 285
Alrpium .03 08 Asgea : 85
Alominum | 0.045 1.1 Argoa 135
Absninzs 0.082 18 Argon 180
Deoxidized Copper 0.035 09 Argon 180
Decxidized Copper 0°045 11 Argon 210
Dooxidized Copper 0.082 1.8 Argon 30
Silicon Brorze 0.035 09 Argon 185
Siicon Bronzs 0.045 1.1 Argon 205
Siicon Bronzs 0.082 1.8 Argon 270
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Typical Cwrrent Ratings for Gas- and Water-

Cooled GTAW Torches
Torch Sixs .
Yorch Characteristic Swad Madians Large
Modmum curmeat 200 200-300 500
{continuous duty), A :
Coofing method Ges Watsr Witar

mmh 0.020 - 3/32 0.040 - 6/22 0.040 - 1/4

eccommodstad,
Gss cup diameters 14-85/8 1/4-3/4 3/8-3/4
sccommodsted, in.

CGTAW 5, le> jo 09,58 jladg 50 5310t V8 Jgu

(e g 095 SO e 93) o) (ol o 9 49l () jued (T-1--F
Initial and Interpass Cleaning ( Brushing , Grinding , ....)

caahd 228 g omyx o (oS IS oge ) asile () Se> plowt 5l k3 mdaw 9,5 5red
OLS plast jo g a il sz (6,85 ldos (> )0 imed D50 o0 Be> CukS Sulil Sl
> o)l IS e wse Bio g ShalS el gyl 35 STl sl e 957 fes

A J.bl? .._JLLA )J oD

( Method of Back Gouging ) o> Culy 2lbldp g, (Y-Ve-F
vy Jail o2y 5l ez b opdgl Ml B ceel¥ o (pg2 2oty 6,809 4 L5 D90 50

P39S Ay pj sty S S

Ar Carbon Arc gouging =S 99,8l fol> wed (A
Oxy acetylene gouging el ST alnls alwgs 23l (o
Glnd"]g ua) S’ ( z

8%
W o Saled Gl S 4 Glte g bgine s 155 b 5o
Slgo ywsiago g Yhigrisls 23 40

et

¢



-y 3 s b ol T F-\)
4 n
{ 8_1 SIS g3 Joall) g ((\‘,4

Ol g el Gt Guuwige 09 5 wpierlos pigls s pi

( Oscillaiton ) lowgi (Y-Ye-0

Dgies )53 Seend (nl o Sibegil b tle o Kis> o 09, S Slosi o8 > wilS )5 g Lgs

( Contact Tube to Work Distance ) )i’ L aJo) ooled alold oogums (Y-Y.—F
J)L_a O alols: )'l M_.....:)L..c 9 993 /._f.') J.ul_; SAW ., GMAW Lthb.L‘..;'/.é 6')‘.’ LQ.._T J»Lc ;)il

RER ] S RCORCL [ N J,Jo;i,,b)oﬁ)lfulaﬁbv;? STP U PRRRVE ¢

(' Multiple or Single Pass (Per side ) & ,b 0 )0 4wl w2 U dly ST (g (Y-VomV

b Sk e phhas o3 il o iy b G,k e 0 a3V 6 s o el sl

e I | U PP

( Multiple or Single Electrodes ) Shais b (ST oy sl (Y-1e-A
S5 09 mSIl as jleolazal SAW agyl s 20 050 (oo oolatul (6392 G oy laanl 3 el

D05 s 39,550 K S o) T Sl lel g ooy 5 golazil Sl oo

( Travel Speed ( Range) ) 5,5 <ot s (Y-1e-9

IRESLY S J,,L_; < f)_> CaE ..))L) Q'B')-é Cacodd] &uh}})l 6%)&3? 52 Lag.a:u Jele \_"..1|

OF Jga>)

( Peening ) ;5 4> (Y-V.-9.
.ol_,a,,'.uLo_ﬁ&Jd@)lfsupal;lﬂué|ﬁ‘;~|&& Le &5 iS5

¢ ur oled gl S50 4 Slale g Bgina o iy L 5
Slgo (pwdigo 9 lhigzrinls 23 4o




9w b T A
i oo &
‘L— SHCD ox Jasnll) gius =
Wl g llal s auiitign 09 45 wtiasloaw jisgls 8yl

SRR IERNRYE SR [P S Ss> B9yt Sy (! 03990 AWS sl o lastial ulul,

M 919 99,58 by ugd (g ) Igar (Y-11-)
SEIP I1 FOEL SCRPIEIN OVl aalad a5 =l =g, ()
Pl St el Salss U i b el g 5y ugd b« 5y S 35lail 5 LudS (Y
03 AU BanS W sty 4 asg L], al s ol P g Bl g 6 S ge Sndy
D Wl
Pl 2 D se 4 g S gx> caliie YL 0 jloxe 39 2SI had -y VL (T
AR b 0 e oS Gt ol sl e (La 8 (M)
B 255 Sleder $lp e e 64 (T-Y
2 Shtar Aty My 28 Sl 0 oolf Gledgm atyy ol sl e e 64 (T-F
A5l e Lo 64 Ll 50 g eog oty ity sl o &S i clls
2 O3srdes o5 o 29 iUl g EXXI4 09 2SI L S ledis sl e Lo 4 (V¥
g oo plnil 6V g gog0e slezersg
AN G 210 5l el Y- &S g g L8 Sledex Ay, b sl e Lo d (Y0
292 Sl S5 a5 wlh sl olail 4 sl 4ty ol o 03lizal 5 50 59 2501 85l Jilas (F
eled 5l e (e 6.4 51 wls (65l Sleer 50wty Lub Calis YL (O
Peled ol 5 polie Sl sl wiz b S5 o6l Sledsr sy, ol culis Slas (5
S sy 40 e Jee 9.5 (P-)

NS I
Bl o rlen S8 50 4 Bl g bgione s 5y s 3o
Slgo (pwdigo 9 glhigzinols 23 40




-—y 9 wuws b LT Aj
), AV
& (=4

(o) 1) gi
'- SHTbs> Jaslhytns

St g2 el 1 rotitn 0955 arla (jioglS GSpuls

ol g5 Ojga 2 5 Gt Slo )52 o 4ty Wl sl aw la 4 SulRs G ran (¥
LAl 8 Co Cwsy jo A olede> sl p e L 3 (V)

)l 13 e3see 5 5Vl ¢ (B Sletindy )0 &S leder slp e e 4 (VY

Bae 4ol Ko adb Vb ar g, b (90900 Cundy b (60552 50 Lewly (olod (592 o (A
a3 L 50 21°C Jdho g dened Johir Billae p Ky 5 009 92 0,5 (i3 gm oua
B 0s ol s L YL e ()02 Cal (500 0 05 ablie (K052 590 )3 . 255
sl oot el M3 IS ge CanesY
S ¢ 09 (o ool o iy Sy Sl g Sl a5 35h5 4 5L o5 )L 6,092 0 (R
Lol 5,852 o 5l gy g 00d allopy g (5 Ko b JPo7 Sty S Sl 6,800
Tl o e Sy 4 s (Bl a5 o5 a8 b ol dg) (6 B9 0. 050 (o0

29,5 oolatul (g lgkn 3985 5y loog 28l 5 ol sla)ld

S9N SL b 5509 25 oogd ) Bg (Y-11-Y

sl e 9,05 Wge piem S 4 09255 L Jgthe S b oS ol )l 0 28U S 1 ks ()

Slemgz Nigh plnil 235 L 55 Wb (295 Sleder v $vm n5 P Slebsa Sl (F
ool Sledga Suld wisd plnil (Bl L 258 b cumdy (o 0 Sl Sas 518
Ll 9w e e 8 51l a8l I o Al SO

5 el iy Jee 64 )-l.\,_lgu;da.gga,ii)kglng\J}gq‘&,.?dLaQY Cealses (Y
50 g oolitwl awl di> g, 5l b e all e Lo 127 51 2o Jlasl ;)0 851wl 4S5 jee
20,5 eolinul aly aiz (509> 5wl i 993 Tl e (e 159 5 As sl 455,90

Jo 0gd 45 wed QL (ol S @y Wb 28 > Sa e g g8 g ¢ (S 2 s (F
TSy 28y po digSomed g 00 plil e gz e 5l ol Slie b ] lial g 4l 5l
| i 3T e o LS

Spdy plol Lt 4z g 99 8 )0 093 e )Y &5 el 6l ) Bg2 Ol Dal 2t

2l o elen Sglf TS 4 Gl g Bgine s 25y Sy o
Slgo (pwdigo 9 lhigzrinls 23 4o




4 ]
'8 _l' SHb9x Jasll) gt (\‘f)’

Ot g el ot Grrntigo 0955 yhslam yiogls S pis

Q&w%.@l}@kﬁgd@lﬂﬁ}leou&“ldqyO,l)&]).},)';.q‘ul_‘,n‘]?..

.J.:JL_]LSA)?A'\"’ ——r '-m'“ .5)-)

(29,5501 S3) (55998 97 99,551 b (wgd ()b g Bdlma UL (538 (g3 (g, 004 (Y-11-T

P shen 24 o508 Sundy 3¢ o (e d (B3l g ST sla Zuxdg (gl 99 28 B 2STas ()
Sl e (L2 gy Cmsg 0 g

e e 127 (g350e 9 230 o Curdg ln b o 50 e (295 e Sl ASTas (F
il fa a8 (Vb Sundg (sl g Sl g e e 95 (I Srdg ol

ol b s asy; b ead gile Sl 0 e sla 4Y Cwls GMAW a5 o (Y
Llcasb oy e o 127 51 Jlasl j,0 a5 90 50 duled jabow e e 6.4 51l
il iy e e 159 5 Ll &5 (oo 350 50 090 plwl Wb iz (b 05>
23,5 oolitul anly iz gledy, 5wl

Sl b g at, b e el il & Sl 0 e sle 4Y Cwls FCAW anl)s o (F
Nl sl 2oy me (L 127 5 Jlail )0 485 )90 59 - les jolod 2o s 6.4 511
L Bl oo0 sl Sondy 0 o5 (ple &y K92 398 plnil Wl 2z (b 5,82
335 oo planl anly Wiz Djga 1 )0 e (e 159 51 2 ol 6 VL

2l S8 > e g ol 8 U g2 5 g5 25 gt S S Db 2l O
s 8, o Lod 053 093 agiu Sl 90 ¢ oy 53 o 2t DL gl 45T &,
i BT a2 )8 (K3 gwg 7 9

o §) 5Dz a8l e 2Bl Vb o 4y 0)lg0n Wb (g3908 by sl 6,092 S (F

A 2 21°C Jilax g dared Jolaz Gillae pSiiy 095 plonil 592 5)LS SS9 @3, 51

1. 08wl jo UYL o (o) 8092 sl S0 ¢ 05 abolin (5,09 3,50 ,0 . 290 428 5

Al ot loeal W K g> Cene Y

Al o e Bl )5 4 Bl g Byine s 155 s 5o
A Slgo ywigo g gligisls @2 40



-—y ' 5 s b b /‘}])
"& SHSb g Josll) giiws ((\E’

Sl g eI Gt amiiige 09 5 Shslnas (fiogls S puis

¢ 09h (ood odlinl o 0 Sy Sl g cel JolS 35h5 4 L5 a5 ()L (6,839 5o (Y
S 5,502 S5 e g 0ad ATy g G5 S b g ety 1 Ceen Sl (6,0
P N s LY

cdadlns gl as8 4 (6, os Cand ALl Ko ¢ 093 plouil 0l 2 a0 ;0 L GMAW a1 8 (A
Joee SlLb| )o;@uf_‘_}iua}l ol & pus jgl)slebd.ubcli.i,amb Lasl s 0g
Dy (e

g oIW e el ploan cody Gl ol 2 e A%, 08 5l 6 Rl jskite 4 (B

A..:L: QSB)‘\:’-‘“ pf a}. )'| ‘59),..4«: QBJJSﬂ "y &\})19,6 5 o}g_}g .05..5 oalazl

WPS (yiigi 4o o3¥ U3 (Y=Y

15 ASME o sl _ululyy 59y IS Clo )0 WPS oS4 0ulis g5 3 g 25 « a8 &} 5:5Th asl
PAgd (o8 ol ATwd dw &y 9750 518 pine LIS (o

=l sl peiie

koSS sl iz

=l gl jeate

( Essential Variables ) wlu! glo puiso (Y-17-)
Ded co o> PQR L WPS G piigi sl sl jo s o5 olo poicts

( Supplementary Essential Variables ) LS5 gl puiso (Y-1Y-Y
&l o)lal 3 Slasis )0 a5 Wed oo wa> POQR L WPS S (2bgs el Syge j0 b pats ol
A3k 00l S ekl Sy Ao Sl &

( Nonessential Variables ) ;g yo pus (5l yuiio ( Y-VV-Y
D9 go5 wax PQR L WPS S, otgs el il s a5 sloyaice
dgos Zamd 00l LI QW-262 L QW-252 slaas ;o auld o (alises sbo ,uaze ASME oS bl

ol e Jlen Sl ) 4 Blate g Bgine 5y Sy e
Slgo ywsiago g Yhigrisls 23 40




v )
'& SHCh 9a Josll) gand ((\g/
Ot s a1 s Gartige 0945 ke ylglS Sl

SFosliond b Ll g e WPS S, sl Ll IS 1 6l 5 ) a5 4y ot il o
3 ool S 5 o W S WPS Sy 01, Ll 2 b i g5 oo gl gl i
: 0)5).: &) gS')J aolazul J)j,o 9 fb)y LSLD PQR. WPS slass L)"'ALY C}.GL» ‘SL—AS; 9 QS"'L"" &5Lb‘-a:~d

2

~

s -

AEASSHBYETARR 8% 2 B I B

3 g ler Fglf S5 4 Glale g Bgione s 15 g s o PR
Slgo ywsiago g Yhigrisls 23 40




g U0

N9 ) Calaiued gyl 3
& ubunt Guir

POR

Slgo wdigo g yligrisls @2 50



_—y 9w b UQL;.:.T A]
o) )
'& SHbgn Josll) g ((\-,/

Sl g LI put artige 0955 slncw yigl5 S pd

‘ doddo
G N9, ¢ e Gl 4 cld Qi S dex g, CutS s ;—‘Liz’.l‘)'i el 5l Baa
S 039 s 3 By 1B 5 copllan SlSe olys Ly pllo ety (WPS) s g
P9y S B)F O o 4 eah S S ol p 8 0 Dliylejl i 23l (e 092 s abogy e

S s~ Procedure Qualification Record (PQR) (¢, K84

PQR i J>1y0

P390 oo b p) al e iz POR S a5 6l

clie sl digol 6/.'&.:;;,@@ sl -

ol anys slo digai olejl -¥

ligbel g 6, K8s 55k oolel &y anly 6,0F a5 gl bl -

(Ll oosr Jgad B 2y30 0) mlss il 5 ood -F

cawlo b diges 5, Ne> ¢ 5 lw oalel (Y-
£o v o)lail0,0% L3 dses Lany 3 JLail 0 a5 Wed o aSle g 5lige 5376 4 b digas Ygass
Wb e asses o ) Kag> Olsi> g 090 ¢ dlga .ol Sliglejl lp a3y lojl sla diges ojlail
dsges ojlal g bl asl LSS Wb (59,0 slo e Ko )l 40 0l dbgie WPS L Gillae
L 3lae asl cdllae (ASME. Sec IX, QW-463.1) o,llsl )5 oals 53 polae U Jilus Wb o
. .)._..:' e Sy 03 6)&25.? sl digos )'| a5 u...al.o)l s Aigan J.?u 3 o}l..&ﬂ .))IJJL'..J e
AWS. ASME »,lal_ut L gillae 0ald (5,092 (slo diges slal W danas o Zwload akis

D9l g0 003 VT daas o Sialesl sl oolazul 5550 (slo digas o)l g olayl .ol 00 sl

o S S s 5 e 5



9 s b LT

S o)
7e) O
'84 SIS 9a Josll) gian s ((\g)’

Sl S el ot aties 0355 islams 1 ioglS GSpis

ol dugs (sl digad uﬁ.ll.o)i (Y-Y
Syt 5 s Wiges Slasi 5 £55 955 plowl Al 0ad (5K Bsx slo Wsai 3, # et Ll
Sl o s 63 laiiia 5 ooliial g0 oMt 4 (Simy + Sl ¥ O s (slo e
| gl oo pll o et le S el
3l asbe )b ledsr ln il 9,00 Sl

( Visual testing) ool owL ()

(Tensile test) oS plSovinl (5,5 o5l gl asdly zals ahaie b 228 2ilejl (Y

(Root - Bend test) s> coodl lp aiy, ~ jies iolesl (Y

( Side - Bend test) s> wods g1y bl - e iulejl (F

( Face — Bend test) 39> Zwodw gl 00,5 — 2es 2ulejl (O

EGW . ESW slounyl b SulSio Slosgnt (sl S5 518 5 228 2 L5T (®

( All— Weld Metal tension )
(Impact test) 4,5 5551 9 Fa iz e hp 28 (2alesl (¥
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( Non destructive test: RT . UT ) Sigml gl b 31,590l st @

ol s 090 p; sleale)] (Fillet) ol8 shisx sln e
( Visual Inspection ) o> o)5L (A
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(Side — Bend test) 59> “wodw 51y oil> - e iulej] (¥
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WPS Qualification—Complete Joint Penetration Groove Welds: Number and Type of Test
Specimens and Range of Thickness and Diameter Gualified {sea 4.4) (Dimensions in Millimeters)

1. Tests on Plate!-?

Nominal Plate,
Pipe or Tube Thickness® ¢
Number of Specimens Qualified, mm
Reduced
Nominal Plate |  Section Root Bend | Face Bend | Side Bend
Thickness (T) | Tension (see | (see Fig. (see Fig. | (see Fig.
Tested, mm Fig. 4.14) 4.12) 4.12) 4.13) Min Max
32<TS9S 2 2 2 — 32 2T
95<T<254 2 -— -—_ 4 32 T
25.4 and over 2 —_ _ 4 32 Unlimited
2. Tests on Pipe or Tubing"’
Nominal Plate,
Pipe or Tube Wall
Thickness™ 4
Number of Specimens Nominal Qualified. mm
Reduced Diameter’
Nominal [Nominal Wall{ Section | Root Bend | Face Bend | Side Bend | of Pipe or
Pipe Sizeor | Thickness, |Tension (see| (see Fig. [ (sce Fig. | (see Fig. Tube Size
Diam.. mm T. mm Fig. 4.14) 4.12) 4.12) 4.13)  1Qualified. mm{ Min Max
3125TS9S 2 2 2 - Testdiam. |, 2T
- and over
<610 [9S<T<190 2 — - 4 Testdiam. |y | o7
and over
Job Size Test diam. ..
Test Pipes T2190 2 _— —_— 4 and over 9.5 | Unlimited
325T<9s| 2 2 2 — | Temdam | 45 1 o7
and over
2610 o T<90 2 — — 4 | 6l0mdover| TR T
T219.0 2 — — 4 6102ndover | 9.5 | Unlimited
SOmmODx55mmWT 5 - s _ 19 through 12 19.0
Standard | or 7S mm OD x 5.5 mm WT < < © . 100 e :
Test Pipes| 150 mm OD x 14.3 mm WT ‘ L.
C— — 4
o 200 mem OD x 12.7 mm WT 2 100andover | 4.8 | Unlimited
3. Tests on Electroslag and Electrogas Welding®
Nominal Plate Thickness
Number of Specimens Qualified
Reduced Al-Weld-
Nominal Plate {  Section Metal Side Bend
Thickness | Tension (see | Tension (see| (see Fig. Impact
Tested Fig.4.14) | Fig.4.18) 4.13) Tests Min Max
T 2 | 1 4 Note6 | 05T LIT

Notes:

ENOUMA N

All test plate, pipe of tube welds shall be visually inspected (see 4.8.1) and subject 10 NDT isce 4.8.2). One test plate. pipe or tube shall be required
for each qualified position

. See Figures 4.J0 and 4.11 for test plate requirements.

F o squart Zuose wele . that 3¢ qualified wrihout da kzouging. the maximum thickness qualificd shali be iimiizc 10 the i:si plate thickness.

CIP groove weld qualification on any thickness or diameter qualifies any size of fillet or PJP groove weld for any thickness.

Qualification with any pipe diameter qualifies all box section widths and depths.

. If specified, impact tests shall conform to Anpex [Il.

Sce Tabie 4.1 fur the gruuve details required fir qualification of tubular butt and T-, Y-. K-connection joines.

. Sec Fipwe 4.9 for plate requirements.
 Cenled o 1 g S8 o1 (51 Aigai £ 93 Slasd -1V Jgux
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Number and Type of Test Specimens and Range of Thickness Qualified—
WPS Qualification; Partial Joint Panetration Groove Welds (see 4.10)

Number of Specimens'-2

Macroetch for  Reduced- Qualification Ranges" ¢

Weld Size (E)  Section ) Nominal Plate, Pipe or Tubing
Test Groove 4.102 Tension  Root Bend Face Bend Side Bend : Plate Thickness, in. (mm)
Depih, T 4103 (see Fig. (see Fig. (see Fig. {scc Fig. | Groove
. (mm) 4.104 419 4.12) 4.12) 4.13) Depth Min Max
IBSTS3B
(325T$95) 3 2 2 2 - T 18(3.2) aT
IB<TS! -
9.5<T<254) 3 2 - —_ 4 T 183.2) Unlimited
BASIC REQUIREMENTS
Notes:

1. One test plate, pipe or tubing per position shall be required. See Figures 4.10 o 4.11 for test plate. Usc the production PJP groove detail for qualifi-
cation. All plates, pipes or tubing shall be visually inspected (see 4.8.1)

2. If a partial joint penetration bevel- or J-groove weld is 1o be used for T-joints or double-bevel- or double-J-groove weld is to be used for corner
jeints, the butt joint shall have a tempocary restrictive plate in the plane of the square face to simulate & T-joint configuration.

. See the pipe diameter qualification requirements of Table 4.2. .

4. Any PJP qualification shall also qualify any fillet weld size on any thickness.
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Number and Type of Test Specimens and Rdnge of Thickness Qualified—
WPS Qualification; Flilet Welds (see 4.11.1) -

_ Test Specimens Required? Sizes Qualified
Number Macroetch  All-Weld-Metal Side Bend
Test ‘ of Weids 4111 Tension (see  (see Figure ~ Plate/Pipe
Specimen Fillet Size per WPS 484 Figure 4.18) 4.13) Thickness' Fillet Size
Single pass, max 1 in each 3 faces - —_ Unlimited Max tested
size to be used position to . single pass

Plate T-test in construction be used and smaller

(Figure 4.19) Multiple pass.mia | in cach 3 faces —— - Unlimited Max tested
size to be used position to multiple pass
in construction be used and larger

Single pass, max 1 in each 3 faces (except - - Unlimited Max tested
sizs to be used positioa to for 4F & SF, single pass
in construction  beused (see 4 faces req’d) and smaller

Pi” T-test® Tabk 4.1)

(Figure 4.20) Multiple pass, min  lineach 3 faces (except - - Unlimited Min tested
size to be used position to for 4F & SF, multiple pass
in construction  be used (see 4 faces req'd) and larger

Table 4.1)

Gidove test* —_ lin IG —_ 1 2 Qualifies welding consumablss

(Figurc 4.23) position to be used in T-test above

Notes:

1. Tte minimum thicknens qualified is 1/8 in. (32 mm).

2. All welded test pipes and plates shall be visually inspected per 4.9.1

3. See Table 4.2(2) for pipe dramerer qualificawa.

4. When the welding consumabies used do not coaform to the prequalified provisions of section 3. and 3 WPS using the proposed welding consum-
ables has nox been established by the contractor in accordance with either 4.9 or 4.10.1, a complete joint penetration groove weld test plate thall be

welded in sccordance with 4.9.
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TAPPED HOLE TO SUIT

TESTING MACHINE PLUNGER MEMBER
-—i AS REQUIRED Q V4 2 \ '--A-

r

"
]
A

AS REQUIRED

- i
fﬁ_.

4

1/.4 b

i~ L N j[, i
' \
SHOULDER HARDENED '
AND GREASED—____7{\- 1/2.1 I._.L 1-1/8
¥a _
¥4 3 |
] [ ]
A
5114 - |
R= Y4
4-1/2
3
[ ¢ Z : ' \ \ HARDENED ROLLERS ’
| ty/, /A . \ 1172 in. IN
] ] 7 ? C OIAMETER MAY BE
— e 1 e f—c—d 0 SUBSTITUTED FOR
.78 oI _/ 12 JIG SHOULDERS
MEMBER ]
9 M}
specified or actual A B [ D
bases metal yreid strength, psi in. in. n. n.
50 000 & under 1112 e 238 1.316
over 50 000 1o 90 000 2 1 2718 17116
90 000 & over 212 1-1/4 338 1-11/16

Note: Plunger and interior die surfaces shall be machine-finished.
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NONMANDATORY APPENLIX B Qw2
\
QW-482 (Back)
. [a Vg PN
T 207 WPS Ne. Rev.
B B e L . -y -,
POSITIONS (QWAQSI  F/a=- Hor= /27 = D77 gy | PGSTWELD HEAT TREATMEN] Qw407 AT e b
Postionis) of Groove ———— S s \’ Temperature Range __ = _ " 47/,"/?/./’7@
Weiding Progression.  Up Oown Time Range by
Powtion(s) of Filer _f&. -1 . oLl log f) et e
- T GAS (QW-408) T ( [
S‘ .
PREHEAT (QW-406) T e 19 Lz percemt Comoositian S
Pre~sat Temp  Min, - Gasles) (Mixture) Flow Rate
C/" ..\'laun(l;pau Temp. Mex.Lz RN : ) 5 :_Lé\""l L‘Q/' e f \ By '1(/‘0} =
s I R ¢ 4.9 Jo =15 “pig
Pehect Maintenance Lo b/ lon 20l i _Shieiding Lo eV R
(Continuous or 1pecial Nesting where 20p!icabie should be recorded) A Traing MIS9— v 13 =
: Backing G@é”j»‘:u?f .'\.vv-.ﬂ 129 < iy
. i
.-_(/,’,r,;\;\J} )9-4/', iy - ., . 4
) ELECTRICAL CHAAACTENSTQ:NS 1dw-409) ASME 3 ( 2 ),,,/ Jkpjb &S gt ‘ :
L Current AC or OC Polarity !
A Amos (Range) ________ Volts (Range) . :‘
(Am2s and voits rengo should be recordec for sach electrode 1ize, T
position, and thickness, etc. This information may be listed in 3 b -
ular form smier 1o that shown below.) T e, xS
© - FEo T —
L R . . B e T - ;-
! Tyngsten Eteciroce Size and Tvoe WIRIIERRAY : o B 5 (foab Ao :
) = (Pure Tungsmn, 2% Thoriatea, etc) i
N i
Aode of Meta Tra~ster for GMAW Jed /3D N s !
(SOray &/c, SNACT BT UITING 815G, 82C & f
Electrode Wire feed speed range It o oo — j
TECHNIQUE {QW410) —— ; -
String or Weave Besd = )
Orifice o¢ Gas Cup Size Mg/c"w" MG ATe, - JAY GV 2 -
: —— -
) intral and Interpass Cleaning (Brushing, Grinding, etc.) L F'/ o —
- T
Method of Back Gouging - . =
Oscitation _ZE v, i XA !
- - -y . - ]
Contact Tube to ek Distance f’ i featl b (20=-Jovnan? ey ) ! "
Muitipie or Single Pass (per side} Bl sl AN AT MY et L e e Ze ’).”{.' -
o .. . v R | R
Muitiple or Single Electrodes o M7 pa = I RSP SN HEE 2ot ] By ek
) . =g >~ - ! T~ YAy Al
v Travel Soeed (Rangel -, R ~ 3L — _ i Ad - L2 "' : P
Voo ( Peening _Llrrom P e : : rS <o
. AN t:—_ \ - [ “ n ", .
— Other!. N R
] ~
Filler Metal Current T s
— Other
! T i l } te.g., Remarks, Com- ("_"‘ I
! : ; | ; . Teavet ments. Hot Wire l
Weid ! . i Type ! Amp. ' Voit ; Soeed Adciuor Techminue, |
Laveris) Process Class ) O Polar. Range Range i Range Torch Angie, Etc.) J
vl A - '
Ovw |2R7.5¢ 24 |Ocev | sou 24
) (Cego o=165 -3 S5de
CRY) .
23| AW IETA3 | Sl Ing | —
(D &P g <\5 { | “\
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QW2 1998 SECTION IX E EE
| ; o

ommmmrmmmmmmmml
MW&i.WKNW“MV*M) -

a

Compeny Name . — — % — e -

Mw"m o ,«\'!‘LW‘“‘WC: St . DOt® ‘f_‘/l P Nmmmm 1»J"k)v_uﬂ(4—b
Revision 14 Dete - -

Weiding Pr {oa} L. f‘\ NI NA YIS TW)\ R s pae o)

TSNS T N UAusoranc, Wanual, Maching, or Semi-Auto.)

r—.loz(rs {QW-402) o - _ ~ ] SMAW MA Details
o e weicleg! 2 b “Q pu-

Joint Design PP il CA SR b
Backing (Yes) (Nol = L e e

— 0l (gl L b o 30 p " N 1. CTAW.NMA A Y TN 83
mwin’” ater 10 both becking end retsiners.) ,i <, Ao ~ 2

- ~ T G

O Metal O Nonfusing Metal ’ s Rarr, 0N
O MNoumetallic O Otwr
Sketches, Production Drawings, Weld Symbols or Written Description SN P L
should show the general arrangement of the parts 10 be welded. Whers : ' A
spplicable, the root specing and the details of weid groove may be -y N ” .
specified. . CIall &

{AZ the option of the Aigr., sketches mey bs sttached to Bustrats R ’

dasign, weid lsyers and besd sequence. 8.5, for notch toughness pg -

dures, for multiple process procedures, etc.)

*BASE METALS (Qw-403}

P-No. .. Group No.

OR o
Specification type snd grade
to, Specification type and grade

OR N ; T .
Chem. Analysis and Mech. Prop. = L CWER NE VAR L L
to Chem. Analysis snd Mech. Prop. ,,,o’l;o,«-,,,
Thickness Renge: T .

Base Ml _ Groove _— 22 =30 Wi Filet 5 = 'oVaug el
Other sl r, R R -J/-:/:b et L ey A
9 B [ U rd -

*FILLER METALS (QW-404) -, y 0 ST -
Spec. No. (SFA) 51 (B aBlope Ppmiosirophscpe Clp oo lv! | 800 20l 1oy ) TRy
Aws o (Casa) —e i o LS ef e 23l EZaiz] g =
Fwo(te £ gooa v oo VT o h

4 Ao Mt vt Tl L IR N NI '
7 i "‘)x_ -, S I v
Size of Filler Metats Iy s ——
Weid Metal
Thickness Range ., . ) _
G N A ) Boaves ¢ alas timb
Fillet
Electrode-Flux (Cless) 220 . —
Flux Trade Name - T "*))vk- S gty s Jot
Consumable insent Sap 2 LI (J_u.; :
WJ‘”" v‘-l't.':’.: 4y o

*Each base metal-filler matal comnbination should be recorded individuafly.

This form (EC003) may be obtained from the Order Dept, ASME, 22 Liw Svha), Bax 2300, Fairs'd, NJ 37007-2300
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NONMANDATORY APPENDIX B Qw483
/ ~e
ne, 2 200 Qw483 (Back)
c AL POR No
/ Toncde Tust (QW-153) )
- Ultimate Ultimate Type of
Specimen Totsl Load Unit Stress Feilure &
No. Width Thickness Ares b psi L ocation
A T Ly
. A
i
N - Il g - . ~
o [N L ~ . ‘e R
A hE U A - e | gl (X Guided-Bend Terw (QW-160)
Type and Fgure No. ! Resuit
RCCap
Mo JALee gr-
o .
«— Toughness Tests (QW-170)
(/ﬁl/ 2 o ‘vt e
g
Specimen Notch Specimen Test - Valu
No. Locavon Size Temo. Fu it / §i Shear Mils Orop Weight Break (Y/N}
C ts:
Fillet-Weid Test (QW-180)
Resuilt — Setisfactory: Yoo Ne. Penetration inte Parent Metal: Yes. Ne.
e
Ao . , Q:‘ ¢ Aoy
Macro — Reaults Lic \’.: 'f :’f.):\;&f’;&@hfﬂ"(p ;fr 2
Other Tests
Type of Test
De> Analysis
Other
We s Nave - — —Clock No STPENC e

Tests conducted dy:

Laboratory Test No.

Wae certity that the statements in this record 3re correct and that the test weids wers prepared, weided, snd tested in accordance with the
requrrsmaents of Section iX of the ASME Code.

Date

Manutacturer

8y

{Detai of record of tests are illusirative only and may be modified 10 conform to the type and number of tests required by the Code.)
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QW83 1998 SECTION IX

QW-483 SUGGESTED FORM.AT FOR PROCEDURE QUAUIRCATION RECORDS (PQR)
(See QW-200.2, Section IX, ASME Boiler and Pressure Vessei Code)

Record Actual Conditions Used to Weld Test Coupon.

—
Comosny Name ]
Proceaure Quaiification Record No O, o f —
wWPS No. g o TN

; T
Wetding Processies) L= Ly
Tyoes (Manuai. Avtomat< Sem. Auto )

JOINTS IQW 402) s Ve, s
b2 o e ep sl
< _-—T tad i -

Groove Desan of Test Couoan
[For compnation uuaifications, the deposited weiad metal thickness shal) De reconded 1or eacs *. rer me3. Of Drocess usec )

BASE METALS (Qw-403) POSTWELD MEAT TREATMENT {QW 407,
Material Spec. | Tamperature .
Type or Grace Tume
P.No 10 P-No. Other
Thckness of Test Coupon
Diameter of Test Coupon - .
Other 32 - J: v '.a e
GAS (Qw-408)
Percent Composition
- Gastes. Moeore F ow Rate

Shieiging

Traviing
FILLER METALS Twdu Bacuing

SFA Specification
ELECTRICAL CRARACTERIS™ 25 QW49

AWS Classification — —
Filer Metal F-No. Current
Weld Metal Analysis A-No Polanty
Size of Filler Metai Amops Voits
Other Tungsien Electrode Size
Otner
Weid Metai Thickness —_——- ———
POSITION 1QW-405) G & Frller il TECHNIQUE (QW410)
Position of Groove _.___..W_.qE‘.‘_E - e —— Travei Soeed -_
Weid Progression (Uphili, Downnilt) String or Weave Bead —_—
Other Oscillation
e e e e e | MulUDass Of Single Pass (per sice)
Sengle or Multipie Electrodes ——-
PREMEAT (QW-406) Other —_———————————— e e
Preneat Temp —— — e e e
Interpass Temp
Other ——— e

Y dosous ]

RS TRV PV RN L K U PR R .'a.u.»r_S.,
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STD.AWS DL.1-ENGL 1998 BN 07842b5 0SOASOL Ty WM
Prequalification of WPSs/59

86 Notes on Page 88

Square-groove weid (1)
8utt joint (8) ‘ (€) IR’

"
REINFORCEMENT 1 TO 8

iR ~| [-n NO TOLERANCE

ALL DIMENSIONS IN mm

Base Metal Thickness Groove Preparation
| (U = unlimited) Tolerances .
Permittad
Weiding |  Joint | AsDetaied | AsFit-Up | Welding |Weld Size|
Process | Designation T T; | RootOpening | (s8e3.12.3) | (see 3.12.3) | Positions ®) Notes
B-P1a 3.2 max — | R=0to18 +1.8, -0 21.8 Al T, -1 8.0
MAW T

s B8-Pic 6.4 max - M= ?' min +1.6,-0 21.6 Al g B, D
Square-groove weld (1)
Butt joint (B

joint (B) (E2) l l
(Ey |n|
37,
E, + E; MUST NOT EXCEED —~
ALL DIMENSIONS IN mm
‘ Base Metal Th?ckness Groove Preparation '
(U = unlimited) Tolerances . Permitiea Total
Weiding Joint . As Detailed AsFit-Up . Welding [Weld Size
Process | Designation T T2 | Root Opening | (see3.12.3) | (see 3.12.3) | Positions | (€, +E,) | Notes
T
SMAW B-P1b 6.4 max - Rs= .51 +16, -0 £1.6 . Al 3_:.' o)
1

Figure 3.3 (Continued)—Prequalified Partial Joint Penetration (PJP)
Groove Welded Joint Details (see 3.12) (Dimensions in Millimeters)

. 2 o Sulen gl S8 % 4 i i 55 ol
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STD.AWS DL.L-ENGL 1998 BB 0784265 0508507 955 HR

60/Prequalification of WPSs

See Notes on Page 88
Singie-V-groove weld (2)
Butt joint (B) a
Comer joint (C) < SE) /' :\
: —‘_l‘
]
H Ty
! t
1 i
[ -"s od
11
ALL DIMENSIONS IN mm T2
Baso Metal Thfcknoss a Preparation
(U = unimitad) Root Opening Tolerances Permitted
Woalding Joint Root Face As Detailed As Fit-Up Weiding | Welkd Sze
Process | Designation T, T | Groove Angie | (see 3.12.3) | (see 3.12.3) | Postions (€) Notes
’ R=0 0 +16 +3.-16 8.0.E
SMAW BC-P2 6.4 min U f= 1 min +U. -0 21/16 Al s i
a=60° +10°, 0° +10°, -5°
Ra0 0, +1.6 +3.-1.8
Guaw | BoPaar | Bamin U | t=3mn +U.0 118 Al s (MAE
a=60° +10°, -0* +10°, -5*
A=0 =0 +1.6, 0
SAW BC-P2-S 11.1 min 1] f = 6 min W, 0 £1.6 F S B8.E.N
ax60° +10°,<0° | +10°, -5°
Double-V-groove weld (3)
Butt pint (B) S2(E2) \a/
Si(Ed R\
qs .,
T
< gt
—t
5
ALL DIMENSIONS IN mm
Base Metal Thickness Groove Preparation
i
(U = unlimited) Root Opening Tolerances Permitted Total
Welding Joint Root Face | AsDetaled | As Fit-Up Welding | Weld Size
Process | Designation T, T2 | Groove Angle | (see3.12.5) | (see 3.12.3) | Paositions | (E;y+ €3} | Notes
R=0 +1.6,-0 +3,-1.6 0
SMAW 8-P3 127mn | — [ 1=3mn U, -0 1.6 An S48 | &
a=60° +10°, 0° +10°, -5° Mp.
R=0 +18,-0 +3,-16
oy | BP3gF | r27mn [ — | fe3mn | 0.0 £1.8 A | S48 | ME
a = 60° +10°, 0° +10°, -5 Mo,
R=0 +0 +16, -0 E M
SAW 8-P3-S 18.0 min - f =6 min +U, -0 21.6 F S¢S | &g P.
a = 60° +10°, 0° +10°, -5°

Figure 3.3 (Continued)—Prequalified Partial Joint Penetration (PJP)
Groove Welded Joint Details (see 3.12) (Dimensions in Millimeters)
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Prequalification of WPSs/61
Single-bevei-groove (4)
Butt joint (B)
T-pint (T)
Comer joint (C)
:kl. DIMENSIONS IN mm
Base Metal Thickness Groove Preparation
U = uniimite
(U= d) Root Opening Tolerances Pormied
Welding Joint Root Face | As Detailed As Fit-Up Welding | Weld Size
Process | Designation T, T2 | Groove Angls | (see 3.12.3) (sce 3.12.3' | Pasitions (€) Notes
R=0 +1.6, -0 +3,-16 .0
SMAW | BTC-P4 v v { = 3 min unlimited 216 Al s-3 0 s
a=4s +10°, 0° +10°, -5° 4N,
R=0 +1.6.-0 +3.-16 FH S
GMAW p ’ : A B E
BTC-P4-GF 6.4 min u f=3min uniimited 216 . E,
FCAW a=45° +10°, «0* +10°, -5° V., OH §$-3 J NV
R=0 0 +186,-0
SAW TC-P4-S t1.1 min U {=6 min +U. -0 21.6 £ s 8.E.J,
a=60° +10°, -0° +10°, -5° J
Double-bevel-groove weld (5)
Butt joint (B)
T-j0int (T)
Comer joint (C)
ALL DIMENSIONS IN mm
P -
Base Metal The Grecove Preparation
(U= uimted) | poot Opening Tolerances Permitted | Total
We!ding Joint Root Face As Detailed As Fit-Up Weiding | Weld Size
Process | Designation Ty T2 | Groove Angle | (see 3.12.3) | (see 3.12.3) | Positions | (Ey+Ep) | Notes
R=0 +16,-0 +3.-16 S,+8, | D.EJ.
SMAW BTC-P5 8.0 min U fa3min unlimited 216 All + 92 Mg, N,
a=45° +10°, 0° | +10°,-5° - v
GMAW R=0 +16,-0 - +3,-16 FH $:+S: JAE
ECAW BTC-P5-GF 12.7 min V) f =3 min unlimited 21.6 S, +S5;, | Mo, N,
' a=45" +10°, -0° +10°, -5° V, OH % v
. . R=0 20 +16. -0 E.J.
SAW TC-F$-S 19.0 min U f= 6 min .0 16 F $,+S, Mp, N,
a = 60° +10°, -0°* +10°, -5° | v

Figure 3.3 (Continued)—Prequalified Partial Joint Penetration PJP)
Groove Welded Joint Details (see 3.12) (Dimensions in Millimeters)
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62/Prequalification of WPSs ’

See Notes on Page 88
Single-U-groove weld (6)
Butt joint (B)
Comer join (C) SE) IR\

l.".-: '_'
o] o
ALL DIMENSIONS IN mm .

Base Metal Thickness - 8 Prepaaton
{U = unfimited) Root Opening Tolerances
Root Face Permitted
Weiding Joint Groove Radius | As Detailed As Fit-Up Welding | Weid Size
Process | Designation T, T2 | Groove Angle | (see 3.12.3) | (see 3.12.3) | Poeitions (E) Notes
R=0 +1.6, -0 +3,-1.6
. 1=1min +U, -0 £1.6 8,0,E,
SMAW | BCPs dmn | U e g e A s N
a=45° +10°, -0° +10°, -5°
R=0 +1.6, -0 +3,-1.8
GMAW f = 3 min +U, -0 1.6 A 8 E,
Fcaw | BCPSGF | &dmn | U r=6 +6. -0 216 Al S N
a=20° +10°, -0° +10°, -5°
Re«0 20 +16, -0
f=8min +U, -0 216
SAW | BCPSS | Mimn | U g o e F s |[BEN
a=20° +10°, -0° +10°, -5°
Double-U-groove weld (7)
Butt joint (B) a
S2(E2) \'J
$(Ey)
R
t =
T
T
ALL DIMENSIONS IN mm
Base Metal Thickness Groove Preparatior
i (U = unlimited) Root Opening Tolerances -
Root Face Permitted Total
Welding Joint Groove Radius| AsDetaled | AsFR-Up | Waelding |Weld Size
Process | Designation T T2 | Groove Angle | (see3.12.3) | (3003.12.3) | Positions | (Ei +E1) | Notes
R=0 +1.8, -0 +3,~1.6
{ =3 min +U, 0 216 D.E,
SMAW 8-p7 12.7 min - et o e AN S, +S, o
a = 45° +10*, 0° +10°, -8°
A=0 +1.6, -0 +3,-16
GMaWw - f=3min J, -0 21.68 AE, -
FCaw | BFPTGF | 127min (=6 +6, 0 116 A LSS e
a = 20° +10°, 0° +10°, -8°
R0 20 +1.6, -0
{=8min +, -0 21.6 €, Mp,
SAW 8-P7-S 190min | - A %2 e F Si+s, | BN
a=20° +10°, 0° +10°, -5°

- Figure 33 (Continued)—Prequalified Partial Joint Penetration (PJP)
Groove Welded Joint Details (see 3.12) (Dimensions in Millimeters)
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64/Prequalification of WPSs

See Notes on Pege 88

Double-J-groove wald (9)
Butt joint (B)

T-joint (T)

Comaer joint (C)

ALL DIMENSIONS IN mm

Base Metal Thickness Groove Preparation
(U = unlimited) Aoot Opening Tolerances
Root Face Permitted Tota!
Welding Joint Groove Radius | As Detailed | As Fit-Up Welding | Weld Size
Process | Designation T, T2 | Groove Angle | (se@3.12.3) | (see3.12.3) | Posions | (E(+Ey) | Notes
R=¢ +1.6.-0 +3,-1.6 DEJ
. . {=3 min +U, <0 2186 &I,
SMAW | BTC-P® 12.7 min v Te10 8 o 18 Al 5, +8, M% N.
a=45° +10°, -0° +10°, -5¢
R=0 +1.6.-0 3, -1.6 A
GMAW . =3 min +U, -0 216 v
FCAW 8TC-P9-GF 6.4 min ] r=10 -4 0 <16 Al $,+S, M%N.
a=30° +10°, -0° +10°, 5°
R=0 20 +16. -0
. . ! =6 min +U, <0 21.8 A E J
SAW C-P9-S 19.0 min v rs13 % 0 +16 F S, +S, NV
a=45° +10°, -0° +10°, -5°
R=x=0 20 +16,-0 EJ
v f=6min +U, -0 21.6 vy
SAW C-P9-S 19.0 min U r=13 +8 0 +16 F §:+ 8 Mp\,’ N,
az20° +10°, <0* +10°, -5°
R=0 20 +186, <0
o f=6min +U, -0 1.8 EJ.
SAW T-P9-S 190min - | U =13 e e F $i48 | \oy
a=45° +10°, 0° +10°, -5¢

*Applies 1o inside comer joints.
= **Applies to outside comer joints.

Figure 3.3 (Continued)—Prequalified Partial Joint Penetration (PJP)
Groove Welded Joint Details (see 3.12) (Dimensions in Millimeters)
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Prequalification of WPSs/63
See Notes on Page 88
Single-J-groove weid (8)
Butt joint (B) S(E) ,\
T-joint (T) R
Comer joint (C) ¢ la
' + e
',
' -Lr v
[
H T
— !
1 (]
Laghe ‘L f-
% -l-—“ |
ALL DIMENSIONS IN mm
Base Metal Thickness Preparation
{U = unlimited) Root Opering Tolerances
Root Face Permitted
Weliding Joint . | Groove Radius | As Detaed As F-Up Weiding | Weid Size
Process | Desiynation T 2 | Groove Angle | (see3.12.3) | (see2.12.3) | Positions (E) Notes
Rs0 +16,-0 +3,-1.6
. . f=23 min +U, -0 21.6 D,EJ,
SMAW TC-P8 6.4 min U r=10 #6, -0 21.6 Al S N. v
a = 45° + 10°, <0° +10°, -5°
R=0 +1.6,-0 +3.-16
- . t=3min +, -0 21.6 D,E.J,
SMAW | BC-P8 S4mn | U r=10 +6, -0 216 At 8 NV
a=30° + 10°, -0° +10°, -5°
Re=0 +1.8,0 +3,-1.6 .
GMAW . f=3 min +U, -0 21.6 AEJ
FCAw | TC-PeGF |  B4mn | U (=10 +6, -0 16 Al $ NV
a=45° +10°, -0° +10°, -5°
R=D +1.6,-0 +3.-16
GMAW e . f= 3 min +U. -0 216 A EJ
FCAW BC-P8-GF 8.4 min u =10 +6. -0 <16 All S NV
a=30° | +10°. 0° +10°, -5°
R=0 0 +1.6, -0
. f= 6 min +, -0 216 E.J N,
SAW | TCP8-S MWimn | U =13 48, -0 216 F § v
a=45° +10°, -0° +10°, -5°
R=0 +0 +1.6, -0
. . {«6min W. -0 2.6 ' E.JN.
SAW C-P8-S$ 11.1 min V) r=13 +6. -0 16 F S vV
a=20° +10¢, ~0* +10°, -5° l

*Aoplies 10 inside comer jonts.
**Applies 10 outside comer joints. -

Figure 3.3 (Continued)— Prequalified Partial Joint Penetration (PJP)
Groove Welded Joint Details (see 3.12) (Dimensions in Millimeters)
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STD-AUS D1.1-ENGL 1998 BB 0784205 0508512 242 mm
Prequalification of WPSs/65

$ee Notes on Page 88

Flare-bevei-groove weid (10)

Butt joint (8)

T-joint (T) .

Comet join K

ALL DIMENSIONS IN mm

Base Metal Thicknass L e Preparation
U = unlimited T
( ) Root Opening Olecances Permritted
Waeiding Joint Root Face | As Detailed As Fit-Up Welding | Weld Size
! Process | Designation | T, T, Ts | Bend Radius® | (s03.12.3) | (see 3.12.3) | Positions (E) Notes
R=0 +16, -0 +3,-16
48 Ty | f=Smin W, 0 +U, -1.6 D.J.N,
SMAW BTC-P10 min 1] min ar’ -0, +Not- 0, +Not- Al SIBT, z
Ce3"mn | Limited Limited
; ffs.n?h +18,-0 +3,-1.6
GMAW 4.8 \ +U, -0 +U,-1.6 AN,
Feaw [BTC-P1OGF| ot U f aT, 0. 4Not .| -0 'Not. Al sar, [N
C= 3 min Limited Limited
h“‘; :rn 0 +1.6,-0
127 | 127 +U, -0 +U,-1.6
Saw T-P10-S min | min | NA 3T, <0. +Not- -0, +Not- F 8T, [ 4N.2
C= 3" min Limited Limited

*For cold formed (ASC0) rectangular tubes. C dimension is not limited. See the following:

Effective Weld Size of Flare-Bevel-Groove Welded Joints. Tests have besn performed on cold formed ASTM A500 material exhibit-

ing a °c” dimension as small as T, with a nominal radius of 2t As the radius increases, the “c* dimension also increases. The comer

Curvature may not be a quadrant of a circle tangent o the sides. The comer dimension, “c”. may be less than the radius of the corner. (“
-

Figure 3.3 (Continued)—Prequalified Partial Joint Penetration (PJP) .
Groove Welded Joint Details (see 3.12) (Dimensions in Millimeters)
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66/Prequalification of WPSs

See Notes on Pag» 88

Square-groove wed (1)

Bt yoint {B8)
Cormer joint (C) l l l l
T
T
i
Lol a
B-ils C-Lla
Base Metal Thickness G Preparation
U = unlimited) k[
( oloranc.s_ Perritted Cas
Weiding Joint As Detailed As Fit-Up Welding | Shieiding
Process | Designation Ty T2 | Root Opening | (see3.13.1) | (se0313.1) | Positions | for FCAW | Notes
SMAW B8-L1a 1/4 max -_— R=T, +1/16, -0 +1/4, -1/16 Al — DN
C-Lias 1/4 max Y] ReT, +1/16, -0 +1/4, -118 Al -— D,N
FCAW | 8l1aGF | aBmax | — R=T +116,-0 | +1/4, -118 Al Not 1 N
GMAW : ' : ' required .
Square-groove weid (1)
Butt joint (B)
l l / BACKGOUGE
I , \ (EXCEPT 8-L1-5)
Base Metal Thickness G Pr tion
= unkimi Tc
(U = unlimited) olerances Permitted Gas
Waelding Joint As Detailed | As Fit-Up Weiding | Shielding
Process | Designation T, T2 | Root Opening | (see 3.13.1) | (see313.1) | Positions | for FCAW | Notes
SMAW 8-L1b 1/4 max -— R=x Iz-'. +1/16, -0 +1/16, -1/8 AN -— C,O,N
GMAW - - Not
FCAW B-L1b-GF 3/8 max A=0t018 | +1/16,-0 +1186,-1/8 Al required A.C.N
SAW B-L1-§ I8 max - R=0 20 +116, -0 F — N
SAW 8-L1a-S 5/8 max - R=0 20 +1/16, -0 F — C.N

Figure 3.4—Prequalified Complete Joint Penetration (CJP)
Groove Weldea Joint Details (see 3.13)
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STD.AWS Dl.L-ENGL 19938 BB 0?842b5 0504514 015 WR

Prequalification of WPSs/67
See Notes on Pege 88
Square-groove weld (1)
T-joint (T) ™
Comer joint (C) p->
’l : <BACKGOUGE
b->
‘7
v
P - .
Base Mytal Thictess G i flon !
{U = unlimited) Tolerances !
- Permitied Gas
Welding Joint As Detadled As Fit-Up Weiding | Shieiding
Process | Designation T, T2 | Root Opening | (see3.13.1) | (see3.13.1) | Positions |for FCAW | Notes
SMAW | TC-L1d 1/4 max v R % +1N6,0 | +1/16,-18 Al C.D,J
GMAW | 1c.16F | 3Bmax | U | R2018 | +116.0 | +116 -8 | A AC.J
FCAW ’ ' '.qum »
SAW_ | TC-L1S 8 max v R=0 0 +1/16. -0 F C.J
Single-V-grocve weld (2) Tolerances
joint (B , I
Suttjoinl (8) As Detailed As Fi-Up
/\ _ isee3.13.1) (see 3.13.1)
R=+1/16, -0 +1/4, -1/16
a=+10°, -0 +10°, -5°
. Base Metai Thickness i ,
(U = unlimited) Groove Preparation Permitted Gas
Welding Joint — - Welding | Shieiding
Process | Designation I o T Root Opening Groove Angle Positions | for FCAW | Notes
A= 1/4 a = 45° All — O.N_
SMAW 8-U2a ) - R=38 o = 30° 1 F.V.OH - D.N
R=12 a = 20° F.V,OH — O.N
R = ¥16 a = 30° F.V,OH | Required [ AN
GUAW | Bu2aGF u - R=am = 30° | F.V.OH | Notreq. | AN
R=14 a = 45° ' FV,OH [ Notreg. | AN
SAW 8-L2a-S 2 max - R=1/4 a=30° T F - N
SAW 8-U2-§ | U - A =58 a= 20 T F = N

Figure 3.4 (Continued)—Prequslified Complete Joint Penetration (C3P)
Groove Welded Joint Details (see 3.13)
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68/Prequalification of WPSs .

Sing'e-V-grocve weld (2) Toicrances
Comer joint (C) I [ bl
As Detailed As Fit-Up

/\ (see 3.13.1) (see 3.13.1)

R=+1/16, <0 +1/4, -1/16
a=+10°, -0° +10°, -§°

el

. Base Metal Thickness Permitted Gas
U = unfimited Groove Preparation 'srmitte
Waeliding Joint w- ) Welding | Shielding
Process | Designation T T, Root Opening Groove Angle Positions | for FCAW | Nolas
R=1t/4 a = 45° Al — D.N
SMAW C-U2a U v R=3/8 a = 30° F.V,OH -— DN
R=1R2 a = 20° F. V, OH -_— D.N
GMAW A= YVi6 a = 30° F.V,OH | Required A
ECAW C-U2a-GF 8] U R=3/8 a = 30° F.V, OH Not req. AN
R=1/4 a = 45° F.V.OH | Notreq. | AN
SAW C-L2a-§ 2 max U | R=1/4 a = 30° F —_ N
SAW c-u2-S u T R=58 o = 20° F —
Single-V-grocve weid (2)
Butt joint (B)
R <mcxcouce
Groove Preparation
Base Metal Thickness -
= unlimit olerances
(U = unlimited) Root Opening Permitted Gas
Welding Joint Root Face As Detailed | * As Fit-Up Welding | Shielding
Process | Designation T, T: | Groove Angle | (see3.13.1) | (see313.1) | Positions |for FCAW | Notes
R=0t01/8 +1/16, -0 +1/16, -1/8
SMAW B8-J2 U -_— f=0to1/8 +1/186, -0 Not limited A -— C.O.N
as=63° + 10°, <0 +10°, -5°
RAR=0t0 18 +1/16, -0 +1/16, -1/8 -
gg‘w 8-U2-GF u ~ | 1201018 | +116,0 | Notlimited Al "9‘“ A.C.N
A a = 60° +10°, 0° | +10°, -5° requir
! R=0
Overi12t01 | — f= 1/4 max
a = 60°
R=0 R=120 +1/16, <0
SAW 8-L2¢-S Over 1tc 1-1/2| — = 1/2 max fa40, 4 £31/16 F - C.N
a=60° a=+10°, -0* +10°, -5°
R=0
Over1-12w02| — f= /8 max
1 | o= 60°

Figure 3.4 (Continued)—Prequalified Complete Joint Penetration (CJP)
Groove Welded Joint Details (see 3.13)
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Prequalification of WPSs/69
See Notse on Page 88
Single-V-groove weid (2)
Comer jomt (C) N
P-3
R
i
Base Metal Thickness _Groove Preparation
U = uedimited) Tole
( Root Opening rances . Permitted Gas
Weiding Joint Root Face As Detailed As Fit-Up Welding | Shislding
Process | Designation T T2 | Groove Angie | (see 3.13.1) (see 3.13.1) | Positions |for FCAW | Notas
R=0L 18 | +1/16,-0 | <1716, -1/8 C.0.J
SMAW C-u2 U V) f=0to18 +1/18, -0 Not Imited Al -_— . N. *
a = 60° + 10°, -0° +10°, -§°
R=0to18 +1118, -0 +1/16, -1/8
CMAW | ¢ jo.GF U U | 1=00018 | +116.-0 | Noflnited A Nt | A G
FCAW a=60° €10°,-0° | +10% -5° required
R=0to 18 0 +116, -0
SAW C-U2b-§ u U | f=1/4 max +0, ~1/4 21/16 F - C.JN
a = 60° +10°, 0° +10°, -6° |
Double-V-groove weld (3) Tolerances
Butt joint (B)
As Detaied As Fit-Up
R =20 +1/4, -0
=10 +118, 0
a=z+i0°. 0 410, -5°
Soacer |SAW 20 +1116, -0
b, pacer [svaw| =0 1%, 0
l
| .
i
i
f Base Metal Th_a‘ckness 1
: (U = uniimiteq) Groove Preparation Permitied Gas
| Waelding Joint Groove Welding Shielding
; Process | Designation T T2 | RootOpening | Root Face Angle | Positions | for FCAW | Notes
[ v R=1/4 f=0101/8 |a=45° Al -
SMAW |  B-U3a Spacer= | — R=8 1=001/8 | 0=30"] FV.ONH — 3?‘
18 xR R=172 - f=0t018 [a=20°| F v OH ~ )
U
SAW B-U3a-S Spacer = - Rxs8 f=0to1/4 | a=20 F - C.M.N
1/4 xR .
Figure 3.4 (Continued)-~Prequa'ified Complete Joint Penetration Jp)

Groove Welded Joint Details (see 3.13)
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70/Prequalification of WPSs

See Notes on Page 88 \\ s
Dowle-V-groave weld (3) For 8-U3c-S only
Butt joint (3) .
-' NS /BACKGOUGE T S
VAN o | © .
T 2 2-1/2 1-8 £‘
1
Ry 2-12 3 E7HE
5 3 38 | 28
0 3sm 4 238 |
\ t 4 434 | 255 !
N L. T = 5172 | 3-1/4 |
) S: ' 5-1/2 cla | 334 |
- ForT,>S6-140rT, <2
o $,=23(T,~1/4)
S ':{, Base Metal Thickness Groovs Preparation L"izif; .
< . (U = uniimited) Tolerances Perms t;ed Gas
Weliding B Joint Root Face As Detailed | As Fit-Up Welding | Shieiding
Process | Designation T, T2 | Groove Angle | (see 3.13.1) | (see 3.13.1) | Positions |for FCAW | Notes
SMAW | B-U3p Re01018 | +1/16.-0 | +1/16.-18 Al - a%
T —_ u - t=0to1/® +1/16, -0 Not limited ot AC
v d g
FCAW B-U3-GF a=f=60° +10°, -0° +10°,. -5 All required | M, N
Re0 +1/18, -0 +1/16, <0
I = 1/4 min +1/4, <0 1/4, 0
saw | Buacs u — | qepe60 | o100 | o10° 5° F - |cMN
To find S, see tabie above: S, = T, - (S, + f)
Single-bavel-groove weid (4) Tolerances
Butt joint (8
foint (8) AsDetaled | AsFit-Up
(see 3.13.1) (se0 3.13.1)
R= +1/16, -0 +1/4, -1/16
a=+10°, -0° +10°, -5°
"‘J Ty L' I\
Base Metal Thickness .
(V = unlimited) Groove Preparation Permitted Gas
Welding Joint - Weidng | Shielding
Process | Designation T Ts Root Opening Groove Angle Positions | for FCAW | Notes
Ax1/4 a = 45° Al - Br.D.N
SMAW B-U4a v - R=a8 a=30" Al - Br. O.N
A = 316 a=30° Al Required | A, Br, N |
A | cudaar u - Ra i/t a=45 Al | Notreq. | A Br N
R=28 a = 30° F Notreq. | A.Br.N
R=38 a=30°
SAW B-Uda-S v U A< PEYTS F - B, N

Figure 3.4 (Continued)—Prequalified Complete Joint Penetration (CJP)
Groove Welded Yoint Details (see 3.13)
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QW-43 1998 SECTION IX ‘ QW32
QW=430 F-NUMBERS lme.u!wl.:ich wasnsedinlhegmliﬁaﬁbn test without
N ot ey of e

The following F-Number grouping of electrodes and
welding rods in QW-432 is based esseatially on their
usability characteristics, which fundamentally determine
the ability of welders to make satisfactory welds with

a given filler metal. This grouping is made to reduce

the pumber of welding procedure and performance
qualifications, where this can logically be done. The

~ grouping does not imply that base metals or filler metals

within a groap may be indiscriminately substituted for

Qw432

poﬂwddheatueaunmldsignmdsavicequﬁremu,
and mechanical properties.

Steel and Steel ABoys

Qw4321

QW4322  Aluminum and Aluminum-Base Alloys
QW-4323  Copper and Copper-Base Alloys
QW4324  Nickel and Nickel-Base Alloys
QW4325  Titanium and Titanium Alloys
QW4326  Zirconium and Zirconiom Alloys
QW4327  Hard-Pacing Weld Meal Overlay

F-NUMBERS
Grouping of Electrodes and Welding Rods for Qualification

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

1 SFA-S.1 £XX20

1 SFA-5.1 EXX22

1 SFA-5.1 EXX24

1 SFA-5.1 - EXX27

1 SFA-5.1 £Xx28

1 ~ —-— SFAS54 . - . EXXX(X)-25
1 SFA5.4 - EXXX(X)-26
1 SFA-5.5 EXX20-X

1 SFA-5.5 EXX27-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(XIXX10-X
3 SFA-S.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-5.1 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

-
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WELDING DATA
QW-432 (CONT'D)
F-NUMBERS ,
Grouping of Electrodes and Weiding Rods for Qualification
F-No. ASME Specification AWS Classification
Stee! and Steel Alloys (cont’d)
4 SFA-5.5 E(X)IXX15-X
4 SFA-5.5 EX)XX16-X
4 SFA-5S EOX)IXX18-X
4 SFA-55 EOOXX18M
4 SFA-55 EXIXX16M1
5 SFA-S.4 austenitic and duplex EXXX(X)-15
5 SFA-5.4 austenitic and duplex EXXX{X)-16
[3 SFA-5.4 austenitic and duplex EXXX(X)-17
6 T SFA82 All classifications
6 SFA-5Y AR classifications
6 SFA-5.17 All classifications
6 SFA-5.18 All classifications
6 SFA-5.20 Al classifications
6 SFA-5.22 All classifications
6 SFA-5.23 All classifications
'y SFA-5.25 All classifications
6 SFA-5.26 Al classifications
6 SFA-5.28 All classifications
6 SFA-5.29 All classifications
'y SFA-5.30 INMs-X
[ SFA-530 INSXX
[ SFA-5.30 IN3XX(X)
Aluminum and Aluminum Alloys

21 SFA-5.3 E1100
21 SFA-5.3 E3003
21 SFA-5.10 ER1100
21 © SFA-5.10 R1100
21 SFA-5.10 ER1188
21 SFA-5.10 R1188
22 SFA-5.10 ERS183
22 SFA-5.10 RS183
22 SFA-5.10 ERS5356
22 SFA-5.10 R5356
22 SFA-5.10 ERS5554
22 SFA-5.10 R5554
22 SFA-5.10 ERS5556
22 SFA-5.10 R5556
22 SFA-5.10 " ER5654
22 SFA-5.10 RS654
23 SFA-53 E4043
23 SFA-5.10 ER4009
23 SFA-5.10 R4009
23 SFA-5.10 ER4010
23 SFA-5.10 R4010
23 SFA-5.10 R4011
23 SFA-5.10 ER:043
23 SFA-5.10 ' R4043
23 SFA-5.10 ER4D47
23 SFA-5.10 R4047
23 SFA-5.10 ER4145

Qw432
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QW-432 (CONT'D)
F-NUMBERS
Grouping of Electrodes and Welding Rods for Qualification
F-No. ASME Specification AWS Classification
Aluminum and Aluminum Alfoys (cont’d)
23 SFA-5.10 R4145
23 SFA-5.10 ER4643
23 SFA-5.10 - R4643
24 SFA-5.10 R206.0
24 SFA-5.10 ) R-355.0
24 SFA-5.10 R-A356.0
24 SFA-5.10 R357.0
24 SFA-5.10 R-A357.0
25 SFA-5.10 ER2319
25 SFA-5.10 R2319
Copper and Copper Alloys
31 SFA-5.6 ECu
31 SFA-5.7 ERCu
32 SFA-5.6 ECuSi
32 SFA-5.7 ERCuSiA
33 SFA-5.6 _ ECuSn-A
33 SFA-5.6 ECuSn-C
33 SFA-5.7 ERCuSn-A
34 SFA-5.6 ECuNi
34 SFA-5.7 ERCuNI
34 SFA-5.30 IN67
35 SFA-5.8 RBCuZn-A
35 SFA-5.8 R8CuZn-8
35 SFA-5.8 R8CuZn-C
35 SFA-5.8 . RBCuZn-D
36 SFA-5.6 ECuAl-A2
36 SFA-5.6 ECuAl-B
36 SFA-5.7 ERCuAI-Al
36 SFA-5.7 ERCuAI-A2
36 SFA-5.7 ERCuAl)-A3
37 SFA-5.6 . ECuNiAl
37 SFA-5.6 ECuMnNiAl
37 SFA-5.7 ERCuNiAl-
37 SFA-5.7 ERCLMnNIAl
Nickel and Nickel Atloys

41 SFA-5.11 ENK1
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 1860

g0t A b s o
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WELDING DATA QW32
QW-432 (CONT'D)
F-NUMBERS
Grouping of Electrodes and Weiding Rods for Qualification
F-No. ASME Specification AWS Classification
Nickel and Nickel Alloys (cont'd)
43 SFA-5.11 ENiCrFe-1
43 SFA-5.11 ENiCrFe-2
43 SFA-5.11 ENiCrfe-3
43 SFA-5.11 ENICrFe4
43 SFA-5.11 EwrFe7
43 SFA-5.11 ENiCrFe-9
43 SFA-5.11 ENiCrFe-10
43 SFA-5.11 ENiCrMo-2
43 SFA-5.11 ENICrMo-3
43 SFA-5.11 ENICrMo-6
43 SFA-5.11 ENICrMo-12
43 SFA-5.11 ENICrCoMo-1
43 SFA-S.14 ERNICr-3
43 SFA-5.14 ERNICr-4
43 SFA-5.14 ERNICr-6
a3 SFA-5.14 ERNICrFe-5
43 SFA-5.14 ERNiCrFe-6
43 SFA-5.14 ERNiCrFe-7
43 SFA-5.14 ERNiCrFe-8
43 SFA-5.14 ERNiCrFe-11
43 SFA-5.14 ERNiCrCoMo-1
43 SFA-5.14 ERNiCrMo-2
43 SFA-5.14 ERNICrMo-3
43 SFA-5.30 IN6A
43 SFA-5.30 IN62
43 SFA-5.30 IN82
44 SFA-5.11 . ) ENiMo-1
44 SFA-5.11 ENiMo-3
44 SFA-5.11 ENiMo-7
44 SFA-5.11 ENiMo-8
44 SFA-5.11 ENiMo-9
44 SFA-5.11 ENiMo-10
4 SFA-5.11 ENiCrMo-4
44 SFA-5.11 ENiCrMo-5
4 SFA-5.11 ENiCrMo-7
4 SFA-5.11 EMICrMo-10
44 SFA-5.11 ENiCrMo-13
44 SFA-5.11 ENiCrMo-14
44 SFA-5.14 ERNiMo-1
44 SFA-5.14 ERNiMo-2
44 SFA-5.14 ERNiMo-3
44 SFA-5.14 ERNiMo-7 (B2)
44 SFA-5.14 ERNIMo-8
44 SFA-5.14 ERNIMo-9
44 SFA-5.14 ERNiMo-10
4 SFA-5.14 ERNICrMo-4
a“ SFA-5.14 ERNICrMo-7 (Alloy C4)
a“ SFA-5.14 ERNiCrMo-10
44 SFA-5.14 ERNICrMo-13
44 SFA-5.14 ERNiCrMo-14
44 SFA-5.14 ERNICrWMo-1
43 SFA-5.11 ENiCrMo-1
as SFA-S.11 ENiCrMo-9
iy P
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Qw432 1998 SECTION IX
QW-432 (CONT'D)
A F-NUMBERS
Grouping of Electrodes and Welding Rods for Qualification : v R
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
Titanium and Titanium Alloys
51 SFA‘5.16 ERTl-l BN
51 SFA-5.16 ERTI2 ¢
51 SFA-5.16 . ERTH3 O ""
S1 SFA-5.16 ' ERTI4 -
52 SFA-5.16 ERTi-7
53 SFA-5.16 ERTI-9
53 SFA-5.16 ERTI-QEL!
54 SFA-5.16 ERTI-12
55  SFA-5.16 ERTi-S
55 SFA-5.16 ERTi-5ELI
55 SFA-5.16 ERTi-6
55 SFA-5.16 ERTI6ELI
55 SFA-5.16 ERTi-15
- Zirconium and Zirconium Alloys
61 SFA-5.24 ERZr2
61 SFA-5.24 ERZr3 . -
61 SFA-5.24 ERZr4
Hard-Facing Weld Meta! Overlay ) €é
71 -SFA-5.13 All classifications
72 SFA-5.21 All classifications

X g0 3 S 5
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QW60 1998 SECTION IX QW-461.1
QW-1460  GRAPHICS -

QW-461  Positions

Tebulation of Positi of Welds

Diagram Inclination Rotation
Position Retference of Axis, deg. of Face. deg.
Flat A 0to 5 150 to 210
80 to 150
Hori ] 1
orizontal 8 Qto 15 210 1o 280
. 0to 80
Overnead c 01tc 8C —E 280 1o 360
Vertical 0 15 to 80 80 to 280 ~3
vernca € 80 to 90 0 to 360 I
1
|
1
!
t
)
t
-3
s
s |
1 .
A 1
9 2
&£ s !
3 >
~ .
» 1
¥
v |
/ |
! I
- / 1
! !
15 deg ;
aE f
4-Z :
_ - — | § B
<4’ 1 - S
~ ] ; -
~ i

GENERAL NOTE:

The horizontal reference plane is taken to lie always below the weid
under consideration. ’

Inclination of axis 1s measured from the horizontal reference plane
toward the vertical. .

Angle of rotation of faceis measured from 2 line perpendicular to
the axis of the weld and lying in 3 vartcal plane containing this axs.
The reference posstion (C deq.) of rotation of the face invariably points
in the direction 0pposite to that in whech the amts angie increases The
angle of rotation of the face of weld 1s measured in 3 clockwise
direction from tius reference position (0 deg.) when looking at point
P

QW-461.1 POSITIONS OF WELDS — GROOVE WELDS

V doses |
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WELDING DATA

Tabulation of Positions of Fillet Weids

Disgram Inclination Rotation
Position Reference of Axis, deg. of Fece, deg.
Flat A Qto 15 150 to 210
125 to 'S0
Ot
Horizontal 8 0 15 | 2101023
—

Oto "25

0t {
Overnead ¢ °80 T 3510 360
] 15 to 80 125 to 235
Vertcal £ 80 to 90 0 to 360

£

Axis 1i

QW-461.2 POSITIONS OF WELDS — FILLET WELDS

Vs ucal plane

- e e e mm—. e

13490 (ke Sagfos &l Gluabimo 48 o b

O



9 s b T A
¢0 r.‘ = ((.‘))’
< SI5x Jasll st N>
Sl Fgp lall ot eeitige 0955 sl s glS S pis:
QW-461.3 - QWISLS

{al 1G (51 2G
{e} 3G

0W-461.3 GROOVE WELDS IN PLATE — TEST POSITIONS

(s} 1G Rotated

/
/‘ 45 deq. =5 2eq

/X

N/
D ¢

{d] 6G

0wW-461.4 GROOVE WELDS IN PIPE — TEST POSITIONS
| Axis of weid
vertical

Axis of weld
horizcntal

Axis of weld
horizontal

Throat of weld
vertical

l(fﬁﬂﬂﬂlly

45 deg.

-

{e) 1F (b) 2F (¢) 3F (d) 4F

QW-361.5 FILLET WELDS IN PLATE — TEST POSITIONS

) a SO € Lt ‘e .A<.
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WELDING DATA QW-61.6
/

&

45 aeq.

{a) 1F (Rotated} (b) 2F {e} 2FR (Rotated)

18

(d) 4F (e} SF

QW-461.6 FILLET WELDS IN PIPE — TEST POSITIONS
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UCS-56 1998 SECTION VIII — DIVISION 1 - UCS-56
TABLE UCS-56
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON/I}ND
BOW ALLOY STEELS) a3 s b
- Minimum Holding Time at Normal Temperature
Ncrmal Holding }ﬁu 2S¢ -2, - for Nominal Thickness [See UW-40(f)
Teraperature, J,)), ,_,;,“’ . = -
Material °F, Minimupe o, Upto 2in. Over 2 1n. to 5 in. Over 5 .
P-No.1- o ome 1100 ll;r-/—m, 2 hr plys 15 min 2 hr plus 15 min
Gr. Nos. 1,2, 3 15 min for each acdi- for ¢ach addi-
minimum tional inch over tional inch cver
i /J,a("‘:!( i 2in. 2in.
GJA ' 7 None None None

Gr. No. 4

NOTES:
(1) Wher, it is impractical to postweld heat treat at the temperature specified in this Table, It is permissible to carry out the postweld heat
treatment a* lower temperatures for longer periods of time in accordance with Table UCS-56.1. -+
{2 Postweld heat treatment is mandatory under the following conditicas: R
(a) fo: ‘welded joints over 1'4 in. nominal thickness
N (b) fer welded joints Qver 1Y, in. nominal thiskness through 1V, in. nem’nat thickness unless prehedt is appiied at a minimum"lfe.-r,pe'a‘._,"
B of 200°F during weldicg &5 67 AN v foels Do ! 2 ! G
(c) for welded joints of il thizknesses if required by UW-2, except postweld heat treatment is nct mandatory under the conditions specified betow:
(1) for groove welds not over '; in. size and fillet welds with a throat not over ¥, in. that attact nazzle cannections that have a finished
inside diameter rot greater than 2 in., provided ths connecticas do not form ligameats that reguice an increase in shelt ¢ hesl
thickness, and preheat to a minimum temperature of 200°F is applied;
(2) for groove welds not aver ¥; in. in size or fillet welds with a throat thickness cf %, ir. or less used for attaching nonpressure parts
u: pressure parts provided preheat to a minimum temperature of 200°F is applied when the thickness of the pressure part exceeds
1Y in,;
(3) for studs weided to pressure parts provided preheat to a minimum temperature of 200°F is appiied when the thickness of the pressure
part exceeds 1Y, in.;
(4) for corrosion resistant weld metal overly cladding or for welds attaching corrosion resistant applied lining (see UCL-34) provided
preheat to a minimum temperature of 200°F is maintained during application of the first layer when the thickness of the pressure

part exceeds 1Y, in.

i

NA = not applicable

be continuous. It may be an accumulation of time of plate in inches, but in no case more than 400°F/hr
rwluple postweld heat treatment cycles. (222°C/hr). During the heating period there shall not
(c) When pressure parts of two different P-Number be a greater variation in temperature throughtout the

groups are joined by welding, the postweld heat treat- portion of the vessel being heated than 250°F (139°C)
ment shall be that specified ir either of Tables UCS- within any 15 ft (4.6 m) interval of length.

56 or UHA-32, with applicable notes, for the material (3) The vessel or vessel part shall be held at or
requiring the higher postweld temperature. When non- above the temperature specified in Table UCS-S6 or
sressure parts are welded to pressure parts, the postweld Table UCS-56.1 for the period of time specified in the

heat treatment temperature of the pressure part shall Tables. During the holding period, there shall not be
control. a greater difference than 150°F (83°C) between the

(d) The operation of postweld heat treatment shall highest and lowest temperature throughout the portion
be carri*d out by ore of the procedures given in UWV- of the vessel being heated, except where the rarnge is
40 in accordance with the following requirements. - further limited in Table UCS-56.

(1) The temperature of the furnace shall not exceed (4) During the heating and holding periods, the
8JU°F (427°C) at the time the vessel or part is placed furnace atmosphere shall be so controlled as 1o avoid
in it excessive oxidation of the surface of the vessel. The

(2) Above 800°F (427°C), the rate’ of heating furnace shall be of such design as to prevent direct
shall be not more than 400°F/hr (200°C/hr) divided impingement of the flame on the vessel.
by the maximum meta! thickness of the shell or head

structures may indicate reduced rates of heating and cooling 10 avoid

3The rates of heating and cooling need not be less than 100°F/hr. - k
structural damage due to excessive thermal gradients.

However, in all cases consideration of closed chambers and complex

Slgo cpowilgo § ligminils @46
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UCS-56 PART UCS — CARBON AND LOW STEEL ALLOY VESSELS S-56
TABLE UCS-56 (CONT'D)
POSTWELD HEAT TREATMENT REQUIREMENTS FOR CARBON AND
LOW ALLOY STEELS
Minimum Holding Time at Normal Temperature
Normal Holding for Nominal Thickness [See UW-40(f)]
Temperature, -
Material *F, Minimum Up to 2 in. Over 2in. 105 in. Over ~ in.
P-No. 3 1100 1 helin,, 2 hr plus 15 min 2 hr plur .S min
Gr. Nos. 1,2, 3 15 min for each addi- for s~ addi-
minimum tional inch over tiona' ~:ih ¢rer
2 in, 2in.
NOTES:

(1) When it is impractical to postweid heat treat at the temperatures specified in this Table, it is permissible to carry out the postweld heat

' treatment at lower temperatures for longer periods of time in accordance with Table UCS-56.1.

{2) Postweld heat treatment is mandatory on P-No. 3 Gr. No. 3 material in ail thicknesses.

(3) Except for the exemptions in Note (4), postweld heat treatment is mandatory under the following conditions:
(a) on P-No. 3 Gr. No. 1 and P-No. 3 Gr. No. 2 over %, in. nominal thickness. For these materials, postweld heat treatment is mandatory

{ on material up to and including %, in. nominal thickness unless a welding procedure qualification described in UCS-56(a) has been made

in equal or greater thickness than the production weld.

(b) on material in all thicknesses if required by UW-2. ] o
(4) For welding connections and attachments to pressure parts, postweld heat treatment is not mandatory under the conditions specified below:

(a) for attaching to pressure parts which have a specified maximum carbon content of not more than 0.25% (SA material specification
carbon content, except when further limited by the purchaser to a value within the specification limits) or nonpressure parts with groove
welds not over ¥ In. in size or fillet welds that have a throat thickness of Y, in. or less, provided preheat to a minimum temprrature of

200°F is applied
(b) for circumferential butt welds in pipe or tube where the pipe or tube have both a nominal wall thickness of '; in. or less and 4 specified

maximum carbon content of not more than 0.25% (SA material specification carbon content, except when further limited by the purchaser

to a value within the specification limits)
(¢) for studs welded to pressure parts which have a specified maximum carbon content of not mo-e than 0.25% (SA material specification

carbon content, except when further limited by the purchaser to a value within the specification limits) provided preheat to a minimum
.- temperature of 200°F is applied ¢ ,
(d) for corrosion resistant weid metal overlay cladding or for welds attaching corrosion resistant applied lining (see UCL-34) when welded

to pressure parts which have a specified maximum carbon content of not more than 0.25% (SA material specification carbon content,
except when further limited by the purchaser to a value within the specification limits) provided preheat to a minimum temperature of

200°F is maintained during application of the first layer.

requirement in accordance with UCS-68. The welded
repairs shall meet the requirements of (!) through (6)
below. These requirements do not apply when the
welded repairs are minor restorations of thc material
surface, such as those required after removal cf construc-
tion fixtures, and provided that the surface is not
exposed to the vessel contents.

(1) The Manufacturer shall give prior notification
of the repair to the user or to his designated agent
and shall not proceed until acceptance has been obtained.
Such repairs shall be recorded on the Data Report.

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

(5) Above 800°F (427°C), cooling shall be done
in a closed furnace or cooling chamber at a rate’not
greater than 500°F/hr divided by the maximum metal
thickness of the shell or head plate in inches, but in
no case more than S00°F/hr (278°C). From 800°F
(427°C) the vessel may be cooled in still air.

(e) Except as permitted in (f) below, vessels or parts
of vessels that have been postweld heat treated in
accordance with the requirements of this paragraph
shall azain be postweld heat treated after welded repairs
have been made.

(f) Weld repairs to P-No. 1 Group Nos. 1, 2, and

<

3 materials and to P-No. 3 Group Nos. 1, 2, and 3
materials and to the weld metals used to join these
materials may be made after the final PWHT but prior
to the final hydrostatic test, without additional PWHT,
provided that PWHT is not required as a service
requirement in accordance with UW-2(a), except for
the excmptions in Table UCS-56, or as a service

(38 mm) for P-No. 1 Group Nos. 1, 2, and 3 materials
and % in. (16 mm) for P-No. 3 Group Nos. 1, 2, and
3 matenials. The total depth of a weld repair shall be
taken as the sum of the depths for repairs made from
both sides of a weld at a given location.

(3) After removal of the defect, the groove shall
be examined, using either the magnetic particie or the

et

.
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Table UCS-56 1998 SECTION VIII — DIVISION |

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

Minimum Holding Time at Normal Temperature

Mermal Ho'ling for Nomina! Thickzess [See UW-40(M?)
Temperature,
Material " *F, Minimum Up to 2 in. Over 2in. t0 5 in. Over S in
P-N>. 4 1102 1 hr/in,, 1 hr/in. § hr plus 15 min
Gr. Nos. 1, 2 15 min for each addi-
minimum . tional inch over
5in.

NOTES:
(1) Except for exempticns in Note (2), postweld heat treatment is mandatory under the following conditions:

(a) on material of SA-202 Grades A and B over ¥ in. nominal thickness. For these materials postweld heat treatment Is m:ndato-y up to
and including %, in. nominal thickness unless a welding procedure qualification described in UCS-56(a) has been made in equal or greater
thickness than the production weld.
(b) on material of all thicknesses if required by UW-2
(c) on all other P-No. 4 Gr. Nos. 1 and 2 materials.
(2) Postweid heat treatment is not mandatory under the conditions specified below:
(a) for circumferential butt welds in pipe or tube of P-No. 4 materials where the pige or tubes comply with all of the following conditions:
(1) a maximum nominal outside diameter of 4 in.; N
(2) a maximum nominal thickness of %, in.;
(3) a maximum specified carbon content of rot more than 0.15% (SA material specification carbon content, except when further limited
by the purchaser 1 a vaiue within the specification limits);
(4} a minimum greneat of 250°F.
{b) for P-No. 4 pipe or tube materials meeting the requirements of {2)(a)(1), (2)(a)(2), and (2)(a)(3) above, having nonpressure attachments
fillet weld2d 10 them provided:
(1) the fillet welds have a maximum throat thickness of Y in.;
(2) a minimum preheat temperature of 250°F is applied.
(c) for P-No. 4 pipe or tube materials meeting the requirements of (2)(a)(1), (2)(a)(2), and (2)(a)(3) above, having studies welded to them,
a minimum preheat temoerature of 250°F is applied.

Minimum Holding Time at Norma! Temperature

Normal Holding for Nominal Thickness [See UW-40(f)}
Temperature,
- Material °F, Minimum Up to 2 in. Over 2 in. t¢ 5 in. Over 5in.
P-Nos. 5A, 5B Gr. No. 1, 1250'] 1 he/in., 1 hr/in. 5 hr plus 15 min
and 5C Gr. No. 1 15 min for each addi-
minimum tional inch over
5 in.

P-No. 58 ' 1300

Gr. No. 2

NOTES:
(1) Except for exemptions in Note (2), postweld heat treatment is manoatory under all conditions.

(2' Postweid heat ireatmernt is £ manoatory under the followning Cunditiuns:

(a) for circumfereatia! butt welds in pipe or tube where the pipe or tubes comply with all of the following conditions:
(1) a maximum specified chromium content of 3.00%;
{2) a maximum nominal outside diameter of 4 in.;
(3) a maximum nominal thickness of % in.;
(4) a maximum specified carbon content of not more than 0.15% (SA material specification carben content, except when further limited

by the purchase- to 2 value within the specification limits);

(5) a minimum preheat of 300°F is applied.

(b) for pipe or tube materials meeting the requirements of (2)(a)(1), (2)(aX2), (2)(a)(3), and (2)(a)(4) having nonpressure attachments
fillet welded to them provided:
(1) the fillet welds have a maximum throat thickness of % in.;
(2) a minimum preheat temperature of 300°F is applied.

(¢) for pipe or tube materials mesting the requirements of (2)(a)(1), (2)(a)(2), (2)(a)(3), and (2)(a)(4) having studs welded to them
provided a minimum preheat temperature of 300°F 1s applied.

{3; When it is impractical tc gostweld heat P-Nos. 54, 58 Gr. N2. 1, ard 5C Gr. Nc. 1 materials at the temperature specified in this Table, it
is permissible to perform the postweid heat treatment at 1200°F minimum provided that, for material up to 2 in. nominal thickness, the
holding time is increased to the greater of 4 hr minimum or & hr/in. i thickness; for thickress aver 2 in., the specified huldiig times are
multiplied by 4. The reguirements of UCS-85 must be accommodated in this recuction in postweld Feat trcat.menL
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PART UHA — HIGH ALLOY STEEL VESSELS Table @ :{A-32

TABLE UHA-32
POSTWELD HEAT TREATMENT REQUIREMENTS FOR HIGH ALLOY STEELS

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thickness (See UHA-32(d)]
Temperature, -
Material ' *F, Minimum Up to 2 in. Over 2in. 10 5 in. Over 5 in.
P-No. 6 1250 1 hr/in,, 2 hr plus 15 min 2 hr plus 15 min
Gr. Nos. 1,2, 3 . 15 min for each addi- for each addi-
minimum tional inch over tional inch over
2in. 21in.

NOTES:

(1) Postweld heat treatment is not required for vessels constructed of Type 410 material for SA-182 Grade Féa, SA-240, SA-268, and SA-
479 with carbon content not to exceed 0.08% and welded with electrodes that produce an austenitic chromium-nicke! weld deposit or a
non-air-hardening nickel-chromium—iron weld deposit, provided the plate thickness at the welded joint does not exceed % in., and for
thicknesses over %, in. to 1% in. provided a preheat of 450°F Is maintained during welding and that the joints are completely radiographed.

'(2) Postweld heat treatment shall be performed as prescribed in UW-40 and UCS-56(e). f\\’

.

Minimum Holding Time at Normal Temperature

Normal! Holding for Nominal Thickness [See UHA-32(d))
- Temperature,
Material *F, Minimum Upto2in. Over 2in.to 5 in. Over S in.
P-No. ? 1350 1 he/in,, 2 hr plus 15 min 2 hr plus 15 min
Gr. Nos. 1, 2 15 min for each addi- for each addi-
minimunY tional inch over . tional inch over
2in. . 2 in.

NOTES:
(1) Postweld heat treatment is not required for vessels constructed of Type 405 or Type 410S materials for SA-240 and SA-268 with carbon

content not to exceed 0.08%, welded with electrodes that produce an austenitic-chromium~nickel weld deposit or a non-air-hardening nickel-
chiomium—iron weld deposit, provided the plate thickness at the welded joint does not exceed %, in. and for thicknesses over %, In. to 1%,
in. provided a preheat of 450°F is maintained during welding and that the joints are completely radiographed.
(2) Postweld heat treatment shall be performed as prescribed in UW-40 and UCS-56(e) except that the cooling rate shall be a maximum of .
100°F/hr in the range above 1200°F after which the cooling rate shall be sufficiently rapid to prevest embrittiement. (:;
(3) Postweld heat treatment is not required for vessels constructed of Grade TP XM-8 material for SA-268 and SA-479 or of Grade TP 18Cr~

2Mo for SA-240 and SA-268.

Minimum Holding Time al Normal Temperature

Norma! Holding for Nominal Thickness [(See UHA-32(d))
Temperature, -
Material *F, Minimum Upto 2 in. Over 2in.to 5 in. Over 5 in.
P-No. 8

Gr. Nos. 1, 2,3, 4

NOTE:
(1) Postweld heat treatment is neither required nor prohibited for joints between austenitic stainless steels of the P-No. 8 group. See nonmandatory

Appendix HA, UHA-100 to UKHA-108, inclusive.

hyer et 2l W gleihus biges 515 5 s 3>
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Table UHA-32 1998 SECTION VIl — DIVISION 1

-
e TABLE UHA-32 (CONT'D)
POSTWELD HEAT TREATMENT REQUIREMENTS FOR HIGH ALLOY STEELS

N A

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thickness {See UHA-32(d))
Temperature, -
Material . °F, Minimum Up to 2 in. Over 2in. t0 § .. Over 5.
P-No 10E 1250 1 hr/in,, 1 ~rfin. 1trtin,
Gr. No. 1 15 min
minimum

NOTES:
(1) For SA-268 Grade TP446 material only, postweld heat treatment shall be performed as prescribed in UW-40 and UCS-56(d) except that
the cooling rate shall be a maximum of 100°F /hr in the range above 1200°F after which the cooling rate shall be sufficiently rapid to prevent

embrittiement.

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thickness [See UHA-32(d)]
Temperature,
Material *F, Minimum Up to 2 in. Over 2in. to 5 in. Over S in.
P-No. 10G
Gr. No. 1
NOTE:

(1) Postweld heat treatment is neither required nor prohibited.

Minimum Holding Time at Normal Temperature

Normal Holding for Nominal Thickness [See UHA-32(d)]
o . Temperature, - ;
- Material *F, Minimum Up to 2in. Over 2.in. to 5 in. Over 5 in.
P-No. 10H
Gr. No. 1 : Q

NOTE:
(1) For the austenitic-ferritic wrought or cast duplex stainless steels listed below, postwe!d heat treatment is neither requiced nor piohit.ted, -

but any heat treatment appiied shall be performed as listed below and followed by liquid quenching or rapid cooling by other means:

Alloy Postweld Heat Treatment Temperature, °F
$32550 1900-2050
$31260 and 531803 1870-2010
$32900 (0.08 max. C) 1725-1750
$31200 1900-2000
$31500 1785-1875
$32304 1740-1920
J93345 2050 minimum
§32750 1800-2060 -
$32950 1825-1875
Vaopad
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UNGSTEN ARC WELDING
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' Table 3.4 . _
Recommended Types of Current, Tungsten Elmos and Shueldlng QGases for Wulding Different
i Woeof Motal . -t~ Thickness _Type of Curreat Elsctrode® Shisidioy Gas
P A Altsrnating current Pure or Zrconium Argon or argon-hefium
Ak .. over 1/8 e OCEN Thoratad Argon-hefum of argon
mduAlll 8in ggf; Thoristad or zirconium Argon.
Copper aloys ... e h ' Thonatsd Helium
» copper dlays under 1/8 n.  Altemnating currant Purs or zrconiun Argen €
e AOYS ... eee e Al Altamatng curent Puré s zecomom
Macreshm siavs e /8. 0P Zronm o tosied frioe
Mickel, CKSl BB0YS .+ evvveeeaeneeneenne . Thoried Arg
Plain caton, low-aloy stesls . ...l Al OCEN L., Thariated Argon o argon-helun
aVbsn under 1/8 . Altamating corrent . Pure or zireonium Argon
Stainfess stadl. .. ...t A OCEN v Thoristsd Asgon or argon-hedium
under 1/8 in.  Altemating current ‘Pure or Zrconium Argon
TR o vveeeee e eeanneeeeeanneeens Al OCEN \ Thoristed Argon
* Whare thoriated electrodes ars racommended, cariatad of lnthanatad esctrodes may also ba used.
\\\
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: MELMAG GAS METAL ARC WELDING
WpichondlﬂomforGuMArcWoldlngonubonmdLowuoysyhhﬂ_n?oima.
Material 4507 Wiy - Curoat Wire fosd

Thickness Dlamstwr . Veltage Spesd ~Gas Flow Z
B om TpeeWeld a s impm wits  PM - mm/s Shisiding Ges? CH M. .,
082 18 Bur® &5 09 %5 8 10 84 ATRhA% B p
1% 32 Buat? B 09 M0 W 250 108 ATKCH®% % 1
187 47 Buet® 0% 08 150 2 285 112 ATS% C0:25% 25 12
20 o4 Buat? 58 09 180 2t 285 112 A T5%, CO2 25% % 12
250 64 Bt D6 M 200 2 250 108 ATRCB% 3 12

1. Dirsct current slactrods positive.

2 Weiding grade CO2 may eis0 be eed.
3. Root opuning of .03 in. (0.8 mm).
4. Root apening of .082 in. {1.8 mm).

“
o

Typical Conditions for Gas Matal AI: !\’llv.-‘ﬁsng of Aluminum in the Flat Position
Material Wine _ Carrent Wire Feed
Thickness Diamstar Voitage® Speed Shislding Gas Flow
n. mm_ TypeofWeld in  ®m  amps  wois IPM  mm/s Gas CFH LPM
082 16 Butt Y 90 18 365 155 Argon 30 14
125 32 Butt 80 08 125 20 440 186 Anon 30 14
187 48 Bt M5 1 180 23 275 118 Argon 35 18
25 - 84 Butt M5 11 205 4 335 142 Argn 35 18
I 95 Butt 083 18 240 28 215 81 Apm 4 19

! Tahble 4.10—-_ '
Typical Conditions for Gas Metal Arc Welding of Ausunltic/ Stainless Steel Using a Spray Arc in
the Flat Position e oo
Matsrial Wire Current Wire Fesd
Tuicknsss Diamster Voitags® Speed Gas Flow

n am  Type of Weld n Bn  smps  wvolts IPM mm/s  Shisifiog8es  CFH LPM
128 32  Butt Jomt with ' .
Backing 002 18 26 U 130. 85 A98%0:2% 30 14

250(1) 84  V-Butt Joint . St 3:
B0sinc. Angls 082 18 275 28 175 4 AN98%0:2% 33 18
28

375(1) 85 V-Butt Joint
Blsinc. Angle 082 18 300

1. Direct current slsctrods positive.
2. Two passss required.

240 102 %22 5 18
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. GAS METAL ARC WELDING
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for Gas Maetal Arc Welding of Austen ¢ Stainlass Steel Using a Short
Typica! Conditions Circuiting Arc singa S 0
Mari Wire Current Wirs Fesd
Bl ebulo Dlarmster Voltage® Speed Gas Flow
P mm  Typsof Weld n mm  aps  wits  PM  mm/s Shielding Gas CFH LPM
082 1.8 Butt Jowt 030 0.8 85 21 185 78 He 90%, Ar 7.5% 30 14
€02 25%
083 24 Butt Joint 030 0.8 105 3 230 97 He 90%, Ar 7.5% 3 4
‘ €0z 2.5%
128 32 Butt Jont 020 08 125 U 280 118 He S0%, Ar 7.5% 30 14 .
L2 25%

* Dirsct current sisctrode positive,
m
Table 4.12
Typical Condltions for Gas Metal Arc Welding of Copper Alloys in the Flat Position

' Matearial Wire Carrent Wire Feed
Thickness Diameter Voltage® Speed Shielding Gas Flow
... Type of Weid in mm amps volts PM mm/s Gas CH LPM
126 32 et 035 175 3 420 182 Argon Y 12
187 48 Butt 045 210 25 240 101 Argon 30 14
.250 8.4 Butt, Sgaced .062 385 26 240 101 Argon 35 16

* Direct curment eleczrods positive.

N A T ™ . S A S
Table 4.13

Typical Variable Sottmgs for Gas Metal Arc Welding of Magnesmm

Material
Thickness Wirs Diamster Carrent Voitage® Wire Feed Spead Argoa Flow
n ma Typs of Weid in, mm amps valts IPM om/s CFH LPM
082 1.8 Square Groove 082 1.8 70 18 180 88 50 Y]
¢ i
080 23 Squan Groove 082 1.8 108 17 245 104 50 24
or Filt
125 32 Squans Groove 082 1.8 125 18 290 123 50 24
o Flat
250 8.4 Square Groeve 0€2 1.8 285 25 800 254 60 . 28
or Fst
375 85 Square Srocve .094 24 38
o Fiat :

* Direct currunt slectrode pusive.
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N '~ PROCEDURE QUALIFICATION. W.
p }/:M Q 8 _ QwW-253
\/\/
Qw-253 o A9D
WELDING VARIABLES PRO,QEDURﬁ SPECIFICATIONS (WPS) '%(‘?’L;__
o AL - Shielded Metal-Arc (SMAW) i , 6 3 n W PS AT 2
7 ~——-‘CA..z),~;c PB((FTVP:F\)/VC d“N = P
C’JJ/" Supplementary |
Paragraph /(q Brief of Variables Essential |  Essential‘}’| Nonessential
2l
|1 | @ Groove design el e X
Qw-a02 ,/‘,Lc‘g.k”'- Backing AUy T X
Joints .10 | @ Root spacing ( 5Peniny ) Ly, L X
11 | & Retainers G132 X
5 ‘¢ Group Number
R 6 T Limits impact
. QW03 R T/t Limits > 8 in. X
Base 8 & T Qualified X
Metals 9 ¢ Pass > Y, in. X
11 | ¢ P-No. qualified X
0 13 & P-No. 5/9/10 X
4 & F-Number X
- 3 @ A-Number X
QwW-404 6 ¢ Diameter - X
Eiller 7 | ¢ Diam. > Y in. g
Metals 12 | & AWS class. X
30 ¢t ) X
33 | & AWS class.
1 + Paosition
QW-405 s
Positions .2 @ Position X
3 | & Tl vertical weiding - X
1 Decrease > 100°F ‘ X
- Qw-406 2 | & Preheat maint. ' X
Preheat
.3 Increase > 100°F (IP) X
; 1 | & PWHT X '
QW07 .
PWHT 2 @ PWHT (T & T range) X
. 4 T Limits X
QW-409 1 > Heat input X
Electrical 4 & Current or polarity X
Characteris:ics 8 6 1&E range X
1 @ String/weave X
5 @ Method cleaning X
QW-410
Technique .6 @ Maethod back gouge X
25 | ¢ Manual or automatic X
26 { = Peening X
_Legend: ™ ’ '
+ Addition > Increase/greater than T uphill « Forehand ¢ Change
- Deletion < Decrease/less than 4 Downhiit — Bacchand )
N : o R e

~——
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Qw-253.1 ‘/’/y/ Lo 1998 SECTION IX
v Qw-253.1

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Shieided Metal-Arc (SMAW)

)

Special Process Essential Variables
Hardfacing Corrosion-Resistant
Qverlay Overiay
paragrach (QW-216) (QW-214)
Qw-402 16 | < Finished t < Finished
Joims
Qw403 201 & P-Number & P-Number
3ase
Metals 23 | & TQualified é T Qualified
QW-404 12 | & AWS class.
Filler 37 & A-Number
Metals .
.38 Dia. (1st layer) Dia. (1st layer)
QWTAOS 4 Position Position
Positions
QW-406 4 Dec. > 100°F preheat Dec. > 100°F preheat
Preheat ) > Interpass > inmerpass
Qw-407
. PWHT
PWHT 6 PWHT
Qw409 4 Current or polarity Current or polarity
Electrical
Zharacteristics .22 Inc. > 10% 1st layer Inc. > 10% 1st layer
QWA}O 38 | & Multi-to single-layer ¢ Muiti- to single-layer
Technique

Legend: .
+ Addition > Increase/greater than 1 uphill « Forehand @ Change
- Deletion < Decreasefless than 1 Downhili = Backhand
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PROCEDURE QUALIFICATIONS - QW-254
QW-254 '

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Submerged-Arc Welding (SAW)

Supplementary
Paragraph Brief of Variables ‘| Essential Essential Nonessential
1 | & Groove design ) X
QwW-402 4 - Backing x
Joints .10 | & Root spacing X
.11 | = Retainers X
.5 ¢ Group Number
.6 T Limits
QW-403 7 TA Limits > 8 in. X
:‘2: " 8 | & TQualified X
.9 t Pass > 1 in. X
.11 | @ P-No. qualified X
13 | & P-No. 5910 X
& ! o F-Number X
5 | & A-Number X
6 | & Diameter i i X
9 @ Flux/wire class. X
12 | & Alley flux
Qw-404 .24 | = Suopiemental X
Filler @
Metals
27 | & Alloy elements X
29 | & Flux designation X
316 ¢ X
331 6 AWS Elass. ) 4 X
34 | & Fluxtype X I
35 | @ Flux/wire class. ) X X
3¢ Recrushed slag X
Qw-405 1 +  Position X
Positions
QW-406 .1 Decrease > 100°F X
Preheat .2 & Preheat maint. X
.3 Increase > 100°F (IP) X
QW-407 1 & PWHT X
PWHT .2 & PWHT (T & T range) X
.4 T Limits A
QW-409 1 | > Heat input
Electrical 4 & Current or polarity
Characteristics P 6 14&E range
1) douwouo
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QwW-254 1998 SECTION IX
QW-254 (CONT'D) :

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Submerged-Arc Welding (SAW)

. Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
.1 &  String/weave X
5 @ Method cieaning . ; X
__ﬁ_ @ Method back gouge i X
7 @ Oscillation | X
QW-410 8 | & Tube-work distance | X
Technique 9 &  Muiti to single pass/side X ' X
| 10 ! & Single to muiti electrades X X
.15 { @ Electrode spacing i X
25 | & Manual or automatic X
.26 | = Peening X
Legend:
+ Addition > Ircrease/greaterthan T Uphill « Forehand & Change
~ Deletion < Decrease/less than 1 Downhili — Backhand
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PROCEDURE QUALIFICATIONS
Qw-254.1
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Submerged-Arc Welding (SAW)
Special Process Essential Variables
Hardfacing Corrosion-Resistant
v Overiay Overiay
Paragraph (Qw-216) (Iw-214)
QW-402 .16 | < Finished ¢ < Finished ¢
Joints
Qw-403 20 | ¢ P-Number é P-Number
Base
Metais .23 | @ T Qualified ¢ TQualified
12 | & AWS class.
.24 | = Supplemental * Supplemental
Qw-404 [ é
Filler .27 | & Alloy elements
Metals
° .37 & A-Number
.33 | & Nom. flux & Nom. flux
comp. comp.
QwW-405 4 + Position + Position
Positions
QWN-406 4 Dec. > 100°F preheat Dec. > 100°F preheat
Preheat > [nterpass > [nterpass
QW-407 6 @& PWHT ¢ PWHT
PWHT
QW09 4 @ Cur.-e.nt or ¢ Curre.nt or
Electrical polarity polarity
Characteristics | .26 | > Heat input > Heat input
more than 10% more than 10% -
.38 @& Multi- to single-layer & Multi- to single-layer
- Qw-410 &9 - Sup. device
Technique
.8C | @& No. of elec. ¢ No. of elec.
§1 | = Oscillation = Qscillation
Legend:
‘ + Addition > Increase/greaterthan T Uphill « Forehand ¢ Change
- Deletion < Decrease/less than ! Downhill — Backhand
1Y dowowd
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QW-285 1998 SECTION IX
Qw-255 :
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS) ‘
Gas Metal-Arc Welding (GMAW and FCAW)
‘ Supplementary .
Paragraph .. Brief of Variables Essential Essential Nonessential
1 & Groove design . X
QW-402 4 - Backirg X
Lcints .10 | & Root spacing X
.11 | = Retainers X
5 & Group Number X
6 T Limits X
R Tt Limite > 8 in. X
QW-403 R
Rase 8 @ T Qualified X
Metals 9 t Pass > Y, in. X
.10 T Limits (S. Cir. Arc) X
1 | & P-No. qualified X
13 | 4 P-No.5MmN0 X Q
4 & F-Number X
5 @& A-Number X
6 @ Diameter . X
2 | & AWS class. X
QN-204 23 | & Filler metal X "
Eiler produc: form
Metals .24 | = Supplemental X ‘
° .
27 | & Alloy eiements
30 & ¢ X .
32 ¢ Limit (S. Cir. Arc) X é_,
33 | & AWS liass.
R 1 + Pasitisr | X
G405 - :
Psitions 2 é  Pasitc- { X i
b3 1 6 Tivemcal welding ! e
B Decrease > 100°F X
QwW-406 Q
Praheat 2 & Preheat maint. X
3 Increase > 100°F (1P X ‘
1 | & PWHT X
Qw-407 2 | & PWHT(T&T range) X
PWHT
4 T Limits X

T IWM@D‘" 2o, 5L LIS"&;;-}% yole o>
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PROCEDURE QUALIFICATIONS "
. L )
"~ M
QW-255 (CONT'D) AC
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Gas Metal-Arc Welding (GMAW and FCAW)
Supplementary
_ Paragraph Brief of Variables Essential Essential | Nonessential
1 = Trail or & comp. __ X
2 @ Single, mixture, or % X r
QW-408 3 & Flow rate X
Gas 5 * or ¢ Backing flow
9 - Backing or ¢ comp.
.10 | @ Shielding or trailing X
B >  Heat input X
QW09
Electrical 2 ¢ Transfer mode X
Characteristics | .4 @ Current or polarity X X
8 ¢ | &E range X
1 @ String/weave X
.3 ¢ Orifice, cup, or nozzle size X
.5 @ Method cleaning X
6 @ Method back gouge X
QN410 b & Oscillation - X
Technique 8 @& Tube-work distance X
@ Multi to single pass/side X
.10 | & Single to muiti efectrodes X
.15 | & Electrode spacing X
.25 | ¢ Manuai or automatic X
.26 | = Peening X
Legend: .
+ Addition > Increase/geeaterthan T Uphill + Forehand ¢ Change
- Deletion < Decrease/less than ! Downhill — Backhand

QwW.255
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QW-255.1 1998 SECTION IX
Qw-255.1

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Gas Metal-Arc Weiding (GMAW and FCAW)

Special Process Essential Variables
Hardfacing Corrosion-Resistant
Cverlay Over'ay
Paragraph (QW-216) (Qw-214)
QW-402 16 | < Finished ¢ < Finished ¢
Joints
W-403
. P- P-
Base 2 | é Number ¢ Number
Metals 23 | ¢ T Qualified ¢ T Qualifies
12 | & AWS class.
.23 | ¢ Filler metal ¢ Filler metal
QW-404 product form product form
Filier 24 | = Supplemental = Supplemental
Metals é o
.27 | ¢ Alloy elements
.37 & A-Number
QwW-405 4 + Position + Position
Positicas
QW-406 4 Dec. > 100°F preheat Dez. > 100°F preheat
Preheat > Interpass > [nterpass
Qw-407 .6 ¢ PWHT ¢ PWHT
PWHT
Qw408 .15 | é Type or flow rate & Type or flow rate
Gas
a
QW-409 4 é Cu|rre‘|:t or @ \.:l;r:ir:t or
Electrical pojarity potarity
Characteristics | .26 | > Heat input > Heat imput
more than 10% mcre thar 10%
.38 | & Muiti- to single-layer @& Mgiti- t2 s =3 2-layer
Qw-310 P e ot et
Technique 50 | & No.ofe::.. @ N of esr,
51 | = Osciltation = Oscillation
Legend:
+ Addition > Increase/greater than T Uphilt « Forehand ¢ Change

= Deletion

< Decrease/less than

. Downhill — Backhand
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PROCEDURE QUALIFICATIONS . QwW-25¢

QwW-256
WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Gas Tungsten-Arc Weiding (GTAW)

Supplementary
Paragraph Brief of Variables Essential Essentia! Nonessential
1 & Groove design X
'v-402 35 + Backing X
Joints .10 & Root ¢pacing X
1i = Retainers X
& Group Number
6 T Limits
QW-403 - — .
Base .7 T/ Limits > 8 in. X
Metals .8 @ 7 Qualified X
A1 @ P-No. qualified X
.13 @& P-No. 5/9/10 X -
3 & Size X
‘ 4 & F-Number X
.5 @ A-Number X
) 12 & AWS class. X
QN-33¢
Filler .14 = Filler X
Me:als 22 | = Consum. insert X -
.23 & Filler metal X
product form
.30 é t X
.33 & AWS class. -
1 + Position
QW-405
Pasitions 2 | & Position : X
.3 & T. Vertical weiding X
]
( QW-406 .1 Decrease > 100°F X l
Preheat .3 Increase > 100°F X
(1P
.1 @& PWHT X
Qw-407
. PWHT .2 & PWHT (T & T range) X
4 T Limits X
.1 = Trail or ¢ comp. X
.2 & Single, mixture, or % X
Qw28 3 & Flow rate X
Gas .
.5 = or & Backing flow X
9 - Backing or & comp.
.10 @& Shieiding or trailing
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QW.256 1998 SECTION IX

QW-256 (CONT'D)
- WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)
Gas Tungsten-Arc Welding (GTAW)

Supplementary
Paragraph Brief of Variables Essential Essential Nonessential
’ .1 >  Heat input X
IW-423 .3 = Pulsing | X
.8 @ | & E range X
.12 | & Tungsten electrode X
1 &  String/weave X
.3 | & Qrifie, sup, or nozzle size X
.5 & Method cleaning X
.5 | & Method back gouge X
QW-410 .7 | ¢ Oscillation X
Technique .9 | & Multi to single pass/ side X
.10 | & Single to multi electrodes X
.11 | & Closed to out chamber X
.15 | & Electrode spacing
.25 | & Manual or automatic X
.26 | = Peening ]
Lagena:
- Additon > Increase/greaterthan T Upnill ~ Forehand & Change

- Deletion < Decrease/less than

1 Downhili — Backhand

- @
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PROCEDURE QUALIFICATIONS

QW-256.1

WELDING VARIABLES PROCEDURE SPECIFICATIONS (WPS)

Gas Tungsten-Arc Welding (GTAW)

Special Process Essential Variables

»

Hardfacing Corrosion-Resistant
Overiay Overtay
Paragrapk (QW-216) (Qw.2148
&' /-4C2 16 j < Finished ¢ < Finishes ¢
JOInts
QW-403 .20 & P-Number @ P-Number
Sase
Metals .23 : & T Qualified & T Qualified
12 | & AWS class.
QW-404 .14 = Filler = Filler
:‘nller' .23 | ¢ Filier metal product ¢ Filier metal product
etals form form -
.37 ¢ A-Number
QwW-405 4 « Position + Position
Pasitions
QW-406 4 Dec. > 100°F preheat Dec. > 100°F prereat
Preheat > [nterpass > [nterpass
Qw-407 6 & PWHT & PWHT
PWHT
Qw-408 .15 | & Type or flow rate & Type or ficw rate
Gas
QW-409 4 @ Curre.nt or ) Curre.nt or
Electrical polarity polarity
Characteristics | .26 | > Heat input > Heat input
- more than 10% mere tha~ 10%
.38 | & Multi- to @ Multi- t¢
QW-219 single-iayer single-‘aye-
Technique 1 .50 ' & No. of elec. & No of2e:
1
| -81 ; = Oscittation = Osc.tanz-
Legers: .
+ Addition > Increase/greate- than T Uphill « Forehand ¢ Change
- Deletion < Decrease/less than d Downhill - Backhand

QW-256.1
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QW63 WELDING DATA QW-463.1(c)
Vool
Wi, QW-463  Order of Removal
< ¢
>
N Discard this piece Oiscerd this plece
Reduced section tensile specimen _ _S_'d_e l_:_u-ﬁ l_d_ _:p:ci_m:a—_ _
Root bend specimen Reduced section trensile specimen
Face bena specimen Sidebend | |  specimen
e T s e e T S
Rcot bend specimen s s o e e
ikl mlied shaikekeiehe ke - Reduced section tansile specimen
Face bend specimen |
—————————— e e il thalks mhk kil
Reduced saction tensiie specimen ..—::.if—e;::i—:: ::_-':_-.i'?-e_c-'-::?:-:;
o L B . Pl "-'—‘—"'—""—-""--"—"'—': Discard this piece
Discard this piece
Ve
W4 AV
A any

QW-463.1(b) PLATES — 3, in. AND OVER
THICKNESS AND ALTERNATE FROM 3; in.
BUT LESS THAN % in. THICKNESS
PROCEDURE QUALIFICATICN

QW-462.1{a} PLATES — LESS THAN 3 in.
THICKNESS PROCEDURE QUALIFICATION

Discardt

—

— Longitudinal
face-bend
specimen

Reduced-section
wnsile specimen

L. Longitudina! .
root-bend
specimen

= [ongitudinal
face bend
specimen

Reduced-sect.on
tensile sietimen

V—J— Longitudinal
- root-bend

specimen

Discard

N\

QW-463.1(c) PLATES — LONGITUDINAL PROCEDURE QUALIFICATION

1Y douowd

-

g e A e e
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QW-463.1(d) 1998 SECTION IX QW-363.1(e)
Lo Reduced section ‘
: ! wnsile
) Face bena
Root bend
Horizontal plane
{when pipe is welded
- * -
in horizontal
fixed position)
]
Root bend
Feace bend .
Reducad section
tersile '
QW-463.1(d) PROCEDURE QUALIFICATION
- 09. .
.0 o <,] Reduced section
X ‘/ tensile
Side bend JT— Sice Send
|
N s
Horizontal plane e
(when pipe is welded
- * -
in horizontal tixed / ‘
position)
Side bend Side Band
Reduced section

QW-463.1(e} PROCEDURE QUALIFICATION

L ik
R S




QW-463.2(a) PLATES — LESS THAN 3 in.
THICRNESS PERFORMANCE QUALIFICATION

LESS THAN 2,

) this
Discard piece
: —— m— — prun e emmn e
Longitudinal
- - face-penc
specimen
Longitudinal
% root-bend
specimen
. this
Discard piece

-

QW-463.2(c) PLATES — LONGITUDINAL PERFORMANCE QUALIFICATION

ngh | J S L (pluw l /=i |
L "‘A SIS ga Josll) gtuws @
| > L and :
At g2 eI et ramitign 09 5 isrlacs 1fisgls S pis
QW-463.22) 1998 SECTION IX QW-463.2(c)
Discard this piece Discard this piece
Root-bend specimen Side-bend specimen
F ace-bend specimen Side-bend specimen
e ) e e s = o
Discard this piece Discard this piece
N V4
\Yi Y

QW-463.2(b) PLATES — %, in. AND OVER
THICKNESS AND ALTERNATE FROM 34 in. RUT
in THICKNESS
PERFORMANCE QUALIFICATION

1Y douond

Al o Alen 24l S8l 4 late'y Bgione . 2y s 3o
o5 o § U':;“?J”-’T:‘&?P

mQ O
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WELDING DATA

deg
—\_’ ,— 10 deg.

/ 90 deg.
2 //'/%;2 e e

/”‘ ! K7 position

QW-463.1(f) NOTCH-TOUGHNESS TEST SPECIMEN LOCATION

QW-463.1(N)
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STD.AWS DL.1-ENGL 1998 EE D7842LS 0508Skk 413

120/Qualification

cp
(SEE NOTE 1)

<—— DIRECTION OF ROLLING (OPTIONAL) —
L,

Iy CiISCA RDTHIS PIECE in. | 2 1 6 | 7| 15] 2
) b oue awe e o — e o eum e ek
Pt 'é——_'r‘ = 7 T g] mm | 50 | 150 | 180 | 380 | 760
| emin | < LOWGITUDINAL FACE as' SPECIMEN g
‘ 2 ~ cJP
!—L—£:==£~ L_—-=% (SEE NOTE 1)
Ry éscg EE—_SE-_Q-I 'oN TENS'?_:-' 5’;‘:25”: —| <= DIRECTION OF ROLLING (OPTIONAL) —&-
TR TRIr s ) L
| emn | & LONGITUDINAL ROGT BEND SPECIMEN § DISCARE T PECE
30 MIN (I_) - o — o— — —— o — e
O et e cmme  — > — i G —
moeay (2 _ — 4} = == [_ _ _SOEeEhoSechiN _ _ ]
o . o P Smas ewas ones Xo ——— R aEny oums 4
c | @ | | mepuceo secTiON TENsION SPECIMEN
6 MIN § LONGITUDINAL FACE BEND SPECIMEN § B :é!f __o"__ ]
| |8 ' ' 3| E = SEetotham — — | smn
— = = = 3 ——-——:m:a——-——*(norez)
2 MIN REDUCE 1L ]
E 2] | reouceo secnou rzusm SPECIMEN
! 6MIN | % | ONGITUDINAL ROOT BEND SPECIMEN § T — H= ===
| |2 2 SIDE BEND SPECIMEN.
S i = = S adnee
3
! o e 1
4 )
7 MIN 7 MIN 7 MIN ! 7 MIN
WHEN IMPACT TESTS ARE REQUIRED, THE SPECIMENS
SHALL BE REMOVED FROM THEIR LOCATIONS, AS
SHOWN IN ANNEX 11, FIGURE [i1-1.
(1) LONGITUDINAL BEND SPECIMENS (2) TRANSVERSE BEND SPECIMENS
NOTES:

1. THE GROOVE CONFIGURATION SHOWN IS FOR ILLUSTRATION ONLY. THE GROOVE SHAPE TESTED SHALL CONFORM

TO THE PRODUCTION GROOVE SHAPE THAT IS BEING QUALIFIED.

2. LONGER TEST PLATES MAY BE REQUIRED WHEN IMPACT TESTING ON CONTRACT DOCUMENTS OR IN SPECIFICATIONS.

IMPACT SPECIMEISS SHOULD BE REMOVED AT MID-LENGTH OF THE TEST WELD.

Figure 4.10—Location of Test Specimens on Welded Test Plate
Over 3/8 in. (9.5 mm) Thick— WPS Qualification (sce 4.8)

s oot A g o 5
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STD-AUS DL.1-ENGL 1998 BB D7842L5 0508567 35T M

Qualification/121
oV 4
(SEE NOTE)
~+——— DIRECTION OF ROLLING (OPTIONAL) —» Ly 2 L 7 20 | 30

mm | S0 |} 150 | 180 | 510 | 760

[ DISCARD THIS PIECE
INEN = T == cr
SMIN | < LONGITUD'N'AL FA BEN.D SPECIMEN 8 (SEE NOTE)
| 2 %_ ~— DIRECTION OF ROLLING (OPTIONAL) —»
2MIN | 'REDUCED ECTION TENSION SPECIMEN | —
= == === ovscmo THIS PIECE
f 9 _ o = = == = === == =3
8 MIN 5 LONGITUDINAL RCOT BEND SPECIMEN § REDUCED SECTlON NSION SPECIMEN
: @ I s > F B === =
Q Qo
30 Mi 4“__ e — —_—— = ROOT aeno SPECIMEN
M o s cammm e c—— —— C—— GE—— ow—
; 8 ' O ] —— 35—
i GMIN | Lousnwm!u. END SPECIMEN § 4 FACE BEND SPECIMEN 20 MIN
(%] hnes  — — — —— cmm  om— o—
¥ a I ' g S ————— s st — e mm——
_L_ — — === — === ROOT BEN SPECIMEN
. 2MIN REDUCED S SPECMEN . | b — = = i = — = — 4
s + - T T g FACE asuo specmen
C6MIN | < ! 3 - === =3
i O LONGITUDINAL ROOT BEND SPECIMEN
l | 2 | 9 2 REDUCED secn NSION SPECIMEN
RS RN NS S —— e Swm— e — p— aeee e e SR SR e S
. - R YT S st E=m== —-——_:
' DISCARD TH:S PIECE onscmo THIS PIECE 1
7 MIN ,]' 7 MIN !— 7 MIN ,L 7 MIN _‘l

WHEN IMPACT TESTS ARE REQUIRED, THE SPECIMENS
SHALL BE REMOVED FROM THEIR LOCATIONS. AS
SHOWN IN ANNEX I}, FIGURE -1,

(1) LONGITUDINAL BEND SPECIMENS (2) TRANSVERSE BEND SPECIMENS
NOTE THE GROOVE CONFIGURATION SHOWN IS FOR ILLUSTRATION ONLY. THE GROOVE SHAPE TESTED SHALL CONFORM
TO THE PRCOUCTION GROOVE SHAPE THAT IS BEING QUALIFIED.

Figure 4.11—Location of Test Specimens on Welded Test Plate
3/8 in. (9.S mm) Thick and Under — WPS Qualification (see 4.8)
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QW-462 1998 SECTION IX QW-i62.1(a)
QW-462  Test Specimens are to be considered approximate. All welding processes

The purpose of the QW 462 figures is to give the
manufacturer or contractor guidance in dimensioning
test specimens for tests required for procedure and
performance qualifications. Unless a minimum. maxi-
mum, or tolerance is given in the figures (or as QW-
150, QW-160. or QW-180 reauires). the dimensions

Weld reinforcemaen: shait be
machinec flush with base
matal. Machine minimum

and filler material to be qualified must be included in
the test specimen.

x = coupon thickness including reinforcement
specimen thickness

coupon thickness excluding reinforcement
specimen width. ¥, in.

¥
T
w

amount to obtain approx.
parallet suriaces. "

— ::—-J “——i Distortion
V— - ‘

1 Cold straightening

| of the test coupon
i§ permitted prior
to removal of weld
reinforcement

S

‘”‘ in,
|}

These edges may

10 1n. or as required ———ﬂ

Length sutticient
to extend into grip
equal to two-thirds
grip leng:h

——

Edge of widest
face of weld

i3
| . be thermally cut
A
| ! —
A\
+ x ‘G-[lldin. 1ain. o-
JAN
3\
)
‘_

e T

= Parallet length aquais
wicdest width of weid
plus 1/2in.

added length

This section machined

preferably by milling

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

WELDING DATA QWdi62.1(c)

Grind or machine the minimum
amount needed to obtain plane
peratlel faces over the reduced

section . No more material
than is needed to perform the |
test shall be removed. £ ! On ferrous materisl
£ i :hese edyts May be
X thermally cut
10 in. or as required i
__\\:s::
'4:: —-—\— -
Edge of widest
face of weld B
——————— 4
1/4 in.
preferably by miiling
QW-462.1(b) TENSION — REDUCED SECTION — PIPE
i‘__—'—‘_"'\f\/___-“_— J‘
x | ! l , T (Note (1}]
Reduced section ——— 3 in. min. !
{Note (2)} " 4
12 in. N

T r—i_"r——/_:_ﬁ ,

1-1/16 in. Edge of widest face of weld

NOTES:
{1) The weld reinforcement shall be ground or machined so that

the weld thickness does not exceed the base metal thickness
T. Machine minimum smount to obtain approximately par-
allel surfeces.

(2] The reduced section shall not be less than the width of the

weld plus 2y.

QW-462.1(c) TENSION — REDUCED SECTION
ALTERNATE FOR PIPE

g b sfsbiugEahtesig
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QW-i62.1(d) 1998 SECTION IX ' QW-462.1(e)
D - ﬁ-—\‘
T\ (
- __J;-J» | ‘ c
\ weid i P
. i 2
8 ——L——— A ———-44— 8 —!
i Standard Dimensions In.
™) (b} ' te} i
0.505 Specimen 0.353 Specimen 0.252 Specimen 0.188 specimen
A — Length of reduced sectian . {Nots (1}| :Note {1}} Note {1)] Note (11
D — Jameter 0.503 =€.3°0 ©.350 =0.007 0250 =0.005 0188 =0.0¢3
R — Racus of filet : 3.8, min. 14, min. 3 16, ma. 1.8 mur.
8 - Lengtn of end section i 1-3.8, aporox. . 1-1:8, approx. 7:8. approx. 112, approx.
C — Diameter of end saction j 3.4 ; 1.2 3:8 18

GENERAL NOTES:
1a3) Use maximum diameter specimen (3), {b), (¢}, or {d) that can be cut from the section.

(b) Welc should be in center of reduced section. n
1c) Whera anly a s:ngla coupon 1s required the center of t~e soecimen shou-d be miaway detwesn the surfaces. @
(d) The erds may e of any shape to fit the holders of the test'ng machine :r such a way that the loac Is appiiea axial y

R hac
i1 Reduced section £ shol!s not 52 1ess t13n width of weid sus 20

-

QW-462.1(d) TENSION — REDUCED SECTION — TURNED SPECIMENS

QkW-462.l(e) TENSION — FULL SECTION — SMALL

DIAMETER PIPE

¥ aonod |

g A A B S <
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roughness shall be dressed by machining or grinding.

. Ve in. min. ’
§in. oras
\t_— required——1 R = %4 in. max. .
________._‘EE]_ -
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WELDING DATA QW 4622
.r—- (13) For procedure qualification of materials other than P-No. 1 . in.
in QW-422, if the surfaces of the side bend test specimens T, in y.in T
are gas cut, removal by machining or grinding of not less F.-Nz' ”~ o All other
than Y in. from the surface shall be required. %to 1%, . o2, metals
incl.
r(‘-bl Such removal is not required for P-No. 1 materials, but % %
any rgsuhmg roughness shall be dressed by machining or >1% [Note (11} " ”
grinding.
4 - |
~ (2} For performance qualification of all materials in GW-422, if «F----- -—— < 1] -7!_'
the surfaces of side bend tests are gas cut, any resulting 4 5

GENERAL NOTE: Wald reinforcement and backing strip or back-
ing ning, if any, may be removed flush with the surface of the
specimen. Thermal cutting. machining, or grinding may be em-
ployed. Cold straightening 1s permitted prior to removal of the

reinforcement.

NOTE:

(1) When specimen thickness T exceeds 1% in., use one of the

following.

{a} Cut specimen into multiple test specimens y of approxi-
mately equal dimensions (%, 1n. 1o 13 in.).

y = tested specimen thickness when multiple specimens

are taken from one coupon

{b) The specimen may be bent at full width See reguirements
on jig wigth in CW-486.1.

QW-362.2 SIDE BEND
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QW-62.3a) _ 1998 SECTION IX QW-362.3(b)

5 oras 112, ‘
p——— recired —— = 1/8 in. max. . y. N q

4 P-No.23.F-No.23,
y 1 - T, in. or P-No. 35 All other merals
, -T- ye 1/16 < 1 +T . 4
[ Wi XX (Plate)  (Pipe) 1/8.3:8 78 T
i >3/8 1/8 3/8

Face-bend specimen — Plate and Pipe NOTES:

(1) Weid reinforcement and backing str:p or backing ring, :f any,
shail be removed flush with the surface of the specimen. If 2
recessed ring is used, this surfece of the specimen may be
machined to a depth not exceeding the depth of the recess to

R=1/8in max. remove the rirg, except thet in such sases the :~ckness of
the finished specimen shall be that specified above. Do not
flame-cut nonferrous material.

(2) If the pipe being tested is 4 in. nominal diamater or less, the
width of the bend specimen may be 3/4 in. for pipe diame-
ters 2 in. to and including 4 in, The bend specimen width
may be 3/8 in. for pipe diareters less than 2 in. down to ar 3

b -equ ved

6 in. or as 1-1/2 mJ

@ s 'Y

--------- . e - .- - - %
T
l Xr sk including 3/8 in. and as an aitsrnative, if the pipe being tested
1$ equal to or less than 1 in. nominal pipe size (1.315 in.
Root-bend specimens — Plate and pipe 0. D.), the vidth of the bend specimens may be that obtained
By cutting the pipe into quarter sections, less an slicwarce
for saw cuts or machine cutting. Tnese specimens cut into
quarter sections are not required to have one surface ma-
chined flat as shown in QW-4€62.3!s’. Send sgecimizns whan
from tubing of comparabie sizes may be handled in a similar
manner,
QW-462.3(a) FACE AND ROOT BENDS — TRANSVERSEL?
6 in. sr as 1-1/2in.
. r—— requiced g A=18in max -
{ €.
y. . hid
. , All Root ‘
' P-No.23,F-No.23 other Bend
T,in, or P-No. 35 metals
[116< 118 r | T ‘
1/8-3/8 i/8 T
>3/8 1/3 y 3/8 |
' NOTE:

{1) Wald reinforcements and backing strip or backing ring, if any,
shall be removed essentially flush with the undisturbed surface
of the base material. it a recessed strip is used, this surface of
the specimen may Je r achinied 10 8 depth Not exceo cding the
depth of the recess 10 remove the strip, except that in such Cases
the thickness of the fimshed specimen shall be that specified
above.

QW-462.3(b) FACE AND ROOT BENDS —
LONGITUDINAL! ‘

Y dowoss |
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QW-462.4(a) ' WELDING DATA QW462.4(b)
T, 1A
Ja in. and less T,
Over '/, in. Equal to or less than T,
but not less than '/, in.

-7, - -
, 1
. 7" %] Size of fillet = thickness
Discard 1 in. 7 | of Tynot greater
Shotl, than ¥ in.
Ay AV
Oy A : P
Discard 1 in. Sy AN S/
LI oy an () s S
i L A
6in, . . 0

o -y

T ~—-— 6 in. min. —m Macro-Test Specimen
; . .

GENERAL NOTE: Macro test — The fillet shall show fusion at the
root of th2 weld but not necessarily beyond the root. The weld metal
and heat affected zone shall be free of cracks.

QW-462.4(a) FILLET WELDS — PROCEDURE

Direction of bending

T —.‘ ‘d—
Stop and restart
weld near the

center
3in.

min. - 7—
J_ / | i".\“.o*' 6\
- o -——— Q‘ Q™
- _")Q ( «
f ‘ 4in. :l.:

mn. Macro-Test
Max, fillet size = T Specimen

Lo —
- -

¢ r

— . — - w—
- — v ——— -
—

-

Base metal thickness» T

GENERAL NOTE: Refer to QW-452.5 for T thickness/qualification ranges.

QW-462.4(b) FILLET WELDS — PERFORMANCE
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QW—ib2.4(c)

1998 SECTION IX

Direction of bend

C3h o —

3in.
min.

A

‘ 7 / 2in min.

Guarter section — Macro specimen
T = wall thicknass

Quarter section N
Fracture specimen

N

Start and stop cf weld
near center of bend

L"""\

?

Base metal thicknass 2 7

GENERAL NOTE: Either pipe-ta-plate or pipe-to-pipe may be used as shown.

QW-462.4(c) FILLET WELDS IN PIPE — PERFORMANCE

o9 O
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. ' WELDING DATA : QW-462.4.1)
it
T = wall thickness

Quarter section
Macro specimen
{4 required)

| @ ..

l
4

Start and stop of weid
near conter of specimen

ﬁ T ' Max. fillft siza=T

metal thickness > T
Wall thickness > T

] GENERAL NOTES:
(a) Either pipe-to-plate or pipe-to-pipe may be used as shown. )

{b) Macro test:
{1) The fillet shall show fusion at the root of the weid but not necessarily beyond the root.

Q (2) The weld metal and the heat affected zone shall be free of cracks.

QW-462.4(d) FILLET WELDS IN PIPE — PROCEDURE
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QW-462.5(e) 1998 SECTION IX
Chemistﬁ samples

Prepared surface

As welded surface —\

. Tttt itttele ookt

Approximate weld interf

- Original test coupon thickness

b

NOTES: ' '

(1) When a chemical analysis or hardness test is conducted on the as welded surface, the distance from the
approximate weld interface to the final as welded surface shall become the minimum qualified overlay thickness.
The chemical analysis may be performed directly on the as welded surface or on chips of material taken from the

- as welded surface.
(2) When a chemical analysis or hardness test is conducted after material has been removed from the as welded surface,

the distance from the approximate weld interface to ths prepared surface shall become the minimum qualified

overlay thickness. The chemical analysis may be made directly on the prepared surface or from chips removed from
o

the prepared surface.
(3) When a chemical analysis test is conducted on material removed by a horizontal drilled sample, the distance from the

approximate weld interface to the uppermost side of the drilled cavity shall become the minimum qualified overlay
thickness. The chemical analysis shail be performed on chips of materisi removed from the crilled cavity.

'A00 QW-462.5(a) CHEMICAL ANALYSIS AND HARDNESS SPECIMEN CORROSION-RESISTANT AND
HARDFACING WELD METAL OVERLAY
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WELDING DATA - QW462.5(b)

Fined Vertical and

Fixed Horizontal Pipe Fiat Rolled Pipe
Notes (1), (3)

- Notes (1), (3)

‘= Notes _ _
(2). 430 (&) e Notes (1), (3)

|
t
Test Specimen Location for SG Overlay Qualification |
(Specimens Required From a Minimum of Three Locations) ‘ Nots (1)

1

I

[

—— — —— o — —— —

Fixoa Pipe on 45 deg. Angle

Notes (1), (3

Notes —= Notes (1), (3)
(2), (3)

45 deg. |
V4 Notes (1), {3)

Test Specimen Location for
2G and 1G Rotated Overiay Qualification

Test Specimen Location for 6G Overlay Qualification
(Specimens Required From One Location)

(Specimens Required From a Minimum of Three Loc;tions)

GENERAL NOTE: Overlay may be on the inside or outside of pipe.

NOTES:

{1) Location for required test spacimen removal (QW-453.).

(2) Testing of circumferential ha-dfacing weld metal on pipe procedure quatif.cation coupons may
be limitad to a singie segment (completed utilizing the vertical, up-hill progression) for the
chemical analysis, hardness, and macro-etch tests required in QW-453. Removal is required
for a change from vertical down to vertical up-hill progression (but nct vice-versal.

(3) Location of test specimens stall be in accordance with the angular position limitations of
Qw-120. .

{4) When overlay welding is performed using machine or automatic welding and the vertical travel
direction of adjacent weld beads is reversed on alternate passes, only one chemical analysis
or hardness specimen is required to redresent the vertical portion. Quafification is then restricted
in production to require aiternate pass reversal of rotation direction method.

QW-462.5(b) CHEMICAL ANALYSIS SPECIMEN, HARDFACING OVERLAY HARDNESS,
AND MACRO TEST LOCATION(S) FOR CORROSION-RESISTANT AND HARDFACING
WELD METAL OVERLAY

il o A )L ICK VTPV IO YV C RN RPN PO |
_\olgﬂ‘)“ o9 L”T’S"é;_p‘ »



—‘ 5 L pawl ’—"
v v AL
(2 =

S 9 o) gl
SR Sig lall ot umritige 0955 irla igls S5 puis
QW-$62.5(c) - 1998 SECTION IX
- . Fixed Vertical and
Fized Horizontal Pipe , ) Flat Rolled Pipe
45-50 deg. Notes (%), (2) Noze (1)
Notes (1), {2) /

— Notes (1), (2)

Notes (1), {2

Notes (1), (2) Note (1) \

Test Specimen Location for 5G
Cvertay Qualification

Fixed Pipe on 45 deg. Angle

Notes (1), (2) }"~45-50 deg.

\ bd

~——Notes (1), (2}

/ A —— Notes (1), (2)

TR
/<{ 45 deg. . Netes (1), (2)
y 4

Test Specimen Location for 6G
Overlay Qualification

Test Specimen Location for
2G and 1G Rotated
Overlay Qualification

GENERAL NOTE: Overlay may be on the inside or outside of pipe.
NOTES:

(1) Location {2, requirec test specimen remova!l — Procedure (QW-353).
{2) Location for requirec tast specimen removal — Performance (QW-453).

QW-462.5(c) PIPE BEND SPECIMEN — CORROSION-RESISTANT WELD METAL OVERLAY
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WELDING DATA QW4e. Md)
g ——— - &in. mAn. --_——_.)1
«¢—}— Discard
F1 -
Longitudinal P————- s mén.———-—"! — Discard
side bends —
{Note (1)} s
Trangverse
As required side bends . 1
§ 0. Min. [Notes (1), {2)} 6 'n. min.
L L 1 .‘I
x
. . = 1— Transverse N Discard
side bends
{Note il [_____@——j
v «}—Discad
__/M
L -~ 1
NOTES: :
(1) Location for required test specimen removal — Procedure {QW-a53). Four side bend test specimens are reouired
for each position.
al — Performance (OW-453). Two side bend test specimens are

{2) Location for required test specimen remov
required for each position.

S - CORROSION-RESISTANT WELD METAL OVERLAY

QW-462.5(d) PLATE BEND SPECIMEN
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kY] ] e )}
"Il’, 1 l’_‘ -
} QR .
112 [kl Sl i b e g > : ST o ',

! S o R

le 6 MIN o FACE ROOT

r ' | ~ l.-esno 4 - BEND

/8 in. TEST PLATE TEST PLATE OVER
¥8 in. THICK
{1) LONGITUDMAL BENO SPECIMEN
|o—— & M (sze noTE y—— RADIUS 1/8 MAX
- 1 K
W [H e
) | .
NOTE 2-17 Ve NOTE 3 Vo :’ l‘-l_-':’s }k"\/
T
i X7 ] T [SSEY |
I—MATERIAL YO BE REMOVED KL (PLATE) (PIPE)
FOR CLEANUP
FACE BEND SPECIMEN
RADIUS 1/8 MAX

]-—— & MIN (SEE NOTE 1)——|
‘ -

/ -
NOTE 2y -—Tl I:&% lr\(
MATERIAL TO BE REMOVED T

FOR CLEANUP - 38
LR b

T— — T . (PLATE)' (PIPE)
NOTE 3 m_j '
ROOT BEND SPECIMEN | mm ‘
13 | 3 ¢
(2) TRANSVERSE BEND SPECIMEN " v
- Dimensions 1 a5
Test weloment Test specimen widh, in. (W) 112 | 38
Plate 1-12 z S0
Tes! pipe or tube 1
< 4 in. (100 mm) in diameter 3 75
Test pipe or tube 1-1/2 6 150
> 4 in. (100 mm} in diameter 8 200

Notes:

1. A longer specimen length may be necessary when using a wraparound type bending foturs or when
testing stee! with a yield strength of 90 ksi (620 MPa) or more.

2. These edges may bs thermal-cut and may or may not be machined.

3. The weld reinforcement and backing, if any, shall be removed flush with the surface of the specimen
(see 5.24.4.1 and 5.24.4.2). ¥ a recessed backing is used, this surface may be machined 10 a depth
not exceeding the depth of the racess to remove the backing: in such a case, the thickness of the
linished specimen shali be that specified above. Cut surfaces shall be smooth and parahed

4. T = plate or pipe thickness. .

5. When the thickness of the iest plate is less than 3/8 in. (9.5 mm), use the nominai thickness for face
and root bends.

e Figure 4.12—Face and Root Bend Specimens (see 4.8.3.1)
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6 in. (150 mm)

Y W J -

Qualification/]123

- 1/8 in. (3 mm)

-__7[___-._-

s ap a> > G» ow an e o o

9.5 mm L w8 in.
IF THERMAL-CUT, ALLOW ¢ )

NOT LESS THAN 1/8 in. TO BE
MACHINED FROM EDGES

RADIUS 1/8 in. MAX

6GR SPECIMEN

L— WHEN t EXCZEDS 1-1/2 in. (38.1 mm),
CUT ALONG TH!IS LINE. EDGE MAY
BE THERMAL CUT.

1, in. T, in.

810 1-1/2 t
> 1-1/2 See Nots 2

Notes:

MACHINE THE MINIMUM AMOUNT
NEEDED TO OBTAIN PLANE PARALLEL
FACES (OPTIONAL)

t, mm T, mm
9.5 to 38.1 t
> 38.1 See Note 2

1. Alonger specimen length may be necessary when using a wraparound-type bending fixture or wher lesting steel with a yield strength

of 30 xs1 {625 MFPa)-or more.

2. For plales over 1-1/2 in. (38.1 mm) thick, cut the specimen into approximately equai strips with T between 3/4 in, (19.0 mm) and

1-1/2 in. and test each strip.
3. 1 = plate or pipe thickness.

Figure 4.13—Side Bend Specimens (see 4.8.3.1)

the bent portion of the specimen after testing. When
using the wraparound jig. the specimen shall be firmly
clamped on one end 50 that there is no sliding of the
specimen during the bending operation. The weld and
heat-affected zones shall be compietely in the bent por-
tion of the specimen after testing. Test specimens shall
be removed from the jig when the outer roll has been
mevzd 18C° frum the starting Zoinl.

4.8.32 Longitudinal Bcad Specimens. When mate-
rial combinations differ markedly in mechanical bending
properties, as between two base materials or between the
weid metal and the kas2 metal, longitudinal bend tests
(fac2 ar rocn may he used i licu of the transverse face
and root bend tests. The welded test assemblies conform-
ing 10 4.8.2 shall have test specimens prepared by cutting
the test plate as shown in Figures 4.10 or 4.11, whichever

is applicable. The test specimens for the longitudinal bend
test shall be prepared for testing as shown in Figure 4.12.

4.8.3.3 Acceptance Criteria for Bend Tests. The
convex surface of the bend test specimen shall be
visually examined for surface discontinuities. For accep-
‘tance, the surface shall contain no discontinuities ex-
ceeding the following dimensions:

(1) 1/8 in. (3 mm) measured in any direction on thc
surface ,

(2) 3/8 in. (10 mm)—the sum of the greatest dimen-
sions of all discontinuities exceeding 1/32 in. (1 mm),
but less than or equal to 1/8 in. (3 mm)

(3) 1/4 in. (6 mm)—the maximum corner crack. ex-
cgpt when that corner crack resulted from visible slag in-
clusion or other fusion type discontinuities, then the
1/8 in. (3 mm) maximum shall apply

legb *’"‘ Su.e.o g ubgm“ls‘&pﬁ)
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MACHINE WELD REINFORCEMENT
ALUSH WITH BASE METAL

THESE EDGES MAY

BE THERMAL CUT :I—FA:‘.I—
;,-t i.'.—'.-':

EDGE OF WIDEST
THIS SECTION
pan:emau 8Y MILLING
| 6GR SPEC'MEN MACHINE TiiE MINIMUM AMOUNT
-7 NEEDED TO OBTAIN PLANE PARALLEL
DREEEEE & | Bl FACES OVER THE REDUCED SECTION
- o - o

Dimensions in inches

Tast plate Test Pipe

6in.&8IN
2in.83in.  diameter or larger
Tpstin 1<Tp<t-12in. Tp2t-1Rin. diameter job size pipe

A—Length of reduced section

Widest face of weld + 1/2 in.. 2-1/4 min Widest face of ‘::: +2in., 2-1/4

L—Overall length, min (Note 2) As required by testing equipment As required dy testing squipment

W-—WIdth of reduced section (Notes 3, 4) Y4 in. mn 34 in. min
C—Width of grip section (Notes 4, 5)

3/4 in. min 12 £ 0.01 ¥4 in. min
We+l2inmin WetRin.min W+i2a.min | We+i1R2n.min W« 120 min
Maximum possibie with plans

t— Specimen thickness (Notes 6, 7) Tp Tp Tp/n (Note 7) parallel faces within lengfth A

r—Radius of fillet, min 12

12 12 1 1

Nowes:

1.

v

Tp = Nominal Thickness of the Plate.
It 1s desirable, if possible, 1o make the length of the grip sectior: large snough to allow the sbecimen to extend into the grips 8 distance

2

equal 1o two-trirds or more of the length of the gnps.
3
4

The ends of the reduced section shakt not differ in width by more than 0.004 in. Aiso, there may be a gradua' decrease in width froun
the ends (o the center, but the width of either end shall not be more than 0.015 in. larger than the wicth at the center.
Narrower widths (W and C) may be used when necessary. In such cases, the width of the reduced section should be as large as the

' width of the material being tested permits. i the wicth of the material is less than W, the sides may be paraliei throughout the length

of the specimen,
For standard plate-type specimens, the ends of the specimen shall be symmetrical with the center ine of the reduced sacmn within

.25 in.
The dimension t 1s the thickness of the spocsmon as provided for in the applicable material specifications. The minimum nominal

’ thickness of 1-1/2 in. wide specimens shall be /16 in. except as permitted by the product specification.

For piates over 1-1/2 in thick, specimens may be cut into approximately equal strips. Each sirip shail be at least 3/4 in. thick. The uu

resus of each strip shal meet the minimum requirements.
Due to fimited capacity of some tensiie testing machines, the specimsn dimensions for Annex M steeis may be as agraed upon by the

Engineer and the Fabricator,

Figure 4.14—Reduced-Section Tension Specimens (see 4.8.3.4)
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TAPPED HOLE TO SUIT

TESTING MACHINE
~| s REQUIRED Q v

PLUNGER MEMBER
; e A~

Qualification/125

AS REQUIRED ————=]

=" L

L
sefey
1110

4

3
e

“ !

AND GREASED

| SHOULDER HARDENED

1-1/8

e e

Y

L

a4
+ e )
1-1/% [ t
T l T L
__’ 5-1/4
1/4 e o R =4
4-1/2 '
| Va4 [
f

HARDENED ROLLERS

Nd

] | L/ A4 7 I\ 1172 in. IN
"'_ ] J _/r T \ DIAMETER MAY BE
2—= 4 B f— C — 0 _SUBSTITUTED FOR
3% DIE 712 JIG SHOULDERS
MEMBER
l 9 ~
specified or actual A B C 0
base metal yield strength, psi in in. in. n.
50 000 & under 1-172 a4 2-38 1316
over 50 000 to 90 000 _ 2 1 2-78 1.7/16
90 000 & over 2-12 1-1/4 3-8 1-11/16

Note: Plunger and intenor die surfaces shall be machine-finished.

Figure 4.15—Guided Bend Test Jig (see 4.8.3)

Specimens with comer cracks exceeding 1/4 in. (6 mm)
with ro evideace of slag inclusions or other fusion type
discontinuities shall be disregarded, and a replacement test
specimen from the original weldment shall be tested.

4.8.3.4 Reduced-Section Tension Specimens (See
Figure 4.14). Before testing, the least width and corre-
sponding thickness of the reduced section shall be mea-
sured. The specimza shall be ruptured under tensile load,
and the maximum load shall be determined. The cross-
sectional area shall be obtained by multiplying the width
by the thickness. The tensile strength shall be obtained by
dividing the maximum load by the cross-se<tional area.

4.8.3.5 Acceptance Criteria for Reduced-Section
Tension Test. The tensile suength shall be no less than

the minimum of the specified tensile range of the base
metal used.

4.3.3.6 All-Weld-Metal Tension Specimen (See
Figure 4.18). The test specimen shall be tested in accor-
dance with ASTM A370, Mechanical Testing of Steel
Products. ’

4.8.4 Macroetch Test. The weld test specimens shall be
prepared with a finish suitable for macroetch examina-
tion. A suitable solution shall be used for etching to give
a clear definition of the weld. ’

4.8.4.1 Acceptance CTriteria for Macroetch Test.
For acceptable qualification, the test specimen, when
inspected visually, shall conform to the following
requirements:

st
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< )
Te IIIB‘A

(1.6 mm) ROLLER ANY
DIAMETER
X
A
T
y ;‘\. WELD

——[esm

B

specified or actual A 8 A 8
base metal yleid strength, psi (MPa) in, in mm mm
50 000 (345) & under 112 Ve 38 19
over 50 000 to 90 000 (620) 2 1 %0 =]
90 000 & over 2172 1-1/4 (-3 2

Figure 4.16—Alternative Wraparound Guided Bend Test Jig (see 4.8.3)

N

- B = AR
R MIN = 34
“(19 mm)
4+—+
\
~ - 4 - 4
V—W
k—c
— R MIN

specified or actual A B (o] A B8 c
base metal yield strength, psi (MPa) n. In. in. mm mm mm
50 000 (345) & under 1-12 34 2-38 38 19 60
over 50 ¢00 o 90 000 (620) 2 1 2-7/8 50 25 el
90 000 & over 212 1-1/4 338 85 k -} 86

Figure 4.17—Alternative Roller-Equipped Guided Bend Test Jig
for Bottom Ejection of Test Specimen (see 4.8.3)
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A d
] ps w—— 7
0 ——Y——-— — - — ——— ——— | — — 1
f — L
r
G
Dimensions in inches
Standard specimen Small-size specimens proportional to standard
Nominal diameter 0.500 in. round 0.350 in. round 0.250 ir. round
G—Gage length 2.000 = 0.005 1.400 = 0.005 1.000 = 0.005
D —Diameter (Note 1) 0.500 £ 0.010 0.350 = 0.007 0.250 2 0.905
r—Radius of fillet, min 8 1/4 /16
A—longm of reduced sectior. . § .
{Note 2), min 2-1/4 1-3/4 1-1/4
Dimensions (metnc version per ASTM € 8M)
Standard specimen Smali-size specimens proportional to standard
Nominal! diameter 12.5 mm round 9 mm round 6 mm round
G—Gage length 62.520.1 450201 30.0+0.1
D—Diameter (Note 1), mm 12520.2 90201 60201
r—Radius of filiet, mm, min 10 - 8 6
A~—Length of reduced section, mm
(Nate 2). min 75 . o 36
Notes:

1. The reduced section may hava a gradual taper from the ends ioward i center, with the snds not more than one percent targer in
diameter than the center (controling dimension).

2. If desired, the lergth of the reduced section may be increased to accommodate an extensometer of any convenient gags length.
Reference marks for the measurement of alongation should be spaced at the indicated gage lengtn.

3. The gage length and filets shall be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way
that the load shall be axal. If the ends are to be heid in wedge grips, t is desirable, # possible, to make the length of the grip section
great enough to allow the specimen 10 exiend into the gnps a distance equal to two-thirds or more of the length of the grips.

Figure 4.18—All-Weld-Metal Tension Specimen (see 4.8.3.6)
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n. mm
P 100
DISCARD L 150
12 308 C"
6 MIN
W2 = MINIMUM MULTIPLE W; = MAXIMUM SINGLE
PASS FILLET WELD p PASS FILLET WELD
USED IN 27 B) USED IN
CONSTRUCTION CONSTRUCTION
MACROETCH TEST
SPECIMEN
INCHES MILLIMETERS C
nd
Weld Weld
size T1 min® T2 min* - $ize Tt min* T2 min'
ane 12 ans 5 127 48
1/4 /4 1/4 6 19.0 6.4
516 1 516 8 254 8.0
Y] 1 a8 10 25.4 9.5
17 1 " 13 254 127
] 1 58 16 25.4 15.9
34 1 V4 19 254 19.0
>4 1 1 >19 254 254

*Note: Where the maximum plate thickness used in prod

maximum thickness of the production pisces may be substituted for T1 and T2.

uction is less than the value shown in the table, the

Figure 4.19—Fillet Weld Soundness Tests for WPS Qualification (see 4.11.2)
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i .
3in. t = MAXIMUM
(7S ram) FILLET SIZE
3.
(75 mm}
START AND STOP
b _ OF WELD
- MACROETCH ONE
DETAIL A - PIPE TO PIPE ASSEMCLY FACE OF CUT.TYPICAL — MACROETCH TEST
SPECIMEN
SEE TABLE 4.1 FOR PCSITION REQUIREMENTS
NOTE: PIPS SHALL BE OF SUFFICIENT THICKNESS TO PREVENT MELT-THROUGH.
Y,
1F ROTATED, zF, 2F ROTATED 4F AND 5F
LOCATION OF TEST SPECIMENS ON WELDED PIPE - WPS QUALIFICATION
b 1 = MAXIMUM MACROETCH
FILLET SIZE ONE FACE OF
CUT-TYPICAL

ool (L L L
Ve ~

MACROETCH TEST

L]

L T MAX.

AND STOP
T = WALL THICKNESS OF WELD SPECIMEN

DETAIL B - PIFE 10 PLATE ASSEMBLY

SEE TABLE 4.1 FOR POSITION REQUIREMENTS
NOTE: PIPE SHALL BE OF SUFFICIENT THICKNESS TO PREVENT MELT-THROUGH.

ALL DIMENSIONS ARE MINIMUMS.

Figure 4.20—Pipe Fillet Weld Soundness Test— WPS Qualification (see 4.11.2)
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SIOE BEND

IMEN SIDE BENO n. mm
SPECIME SIDE BENC
14 6
¥ 10
1
\f\ 1 25
3 75
5 125
[ 150

Notes:
1. Whaen radiography is used for testing, no tack
welds shall be in test area.
2. The backing thicansss shell be 1/4 in. min
o /8 in. max; backing width shall be 3 in. min
when not removed for radiography, otherwise 1 in. min.

Figure 4.21—Test Plate for Unlimited Thickness — Welder Qualification (see 4.23.1)

SIDE BEND in i
SPECIMEN ~ DIRECTION OF
ROLLING OPTIONAL
1” 13
s/8 1€
1 2
112 38
2 50
3 75
6 180
15 | 380

Nctes:
1. When radiography 1S used for testing, no tack weids shall be in fest arsa.
2. The joint configurason of a quakified WPS may be used in lieu of the groove configuration shown hers.
3. The backinj thickness shal be 3/8 in. min fo 1/2 in. max, backing vrdé shat
be 3 in. min when not removed for radiography, otherwise 1-1/2 in. min.

Figure 4.22—Test Plate for Unlimited Thickness —
Welding Operator Qualification (see 4.23.2)
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~=—— DIRECTION OF ROLLING (OPTIONAL) ——pn

SIDE

a3 55 oL
BEND S|

CIMEN

100,
{255 mm)

Camnd

(10 mm)

Figure 4.23—Location of Test Specimen on Welded Test Plate 1 in. (25.4 mm) Thick—
Consumables Verification for Fillet Weld WPS Qualification (see 4.11.3)

(b) Thke narrowest root cpening to be used with a
37.5° groove angle: one test welded in the flat position
ard one test welded in the overhead position.

(c) The widest root opening to be used with a
37.5° groove angle: one test to be welded in the flat posi-
ticn and oa¢ test to be welded in the overhead position.

(d) for matched box connections only, the mini-
mem grodve dagle, corner dimension and comer radius
to be used in combination: one test in horizontal position.

(3) The macroetch test specimens required in (1) and
(2) above sha!! be examined for discontinuities and shall
have:

(a) No cracks .

(b) Thorough fusion between adjacent layers of
weld metal and between weld metal and base metal

(c) Weld details conforming to the specified de:ail
but with none of the variations prohibited in $.24.

(d) No undercut exceeding the values permitted in
6.9.

(e) For porosity 1/32 in. (1 mm) or larger, accumu-
lated porosity shall not exceed 1/4 in. (6 mm) .

() No accumulated slag, the sum of the greatest
dimension of which shall not exceed 1/4 in. (6 mm)

Those specimens not conforming to (a) through ()

shall be considered unacceptable; (b) through (f) not ap-
plicable to backup weld.

4.12.4.2 Complete Joint Penetration Groove
Welds in a T-, Y-, or K-Connection WPS with Dihe-
dral Angles Less than 30°. The sample joint described
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WELDING DATA
Note (3)

Notes (1), (2 -

Notes {4), (5)

GENERAL NOTE: See QW-466.1 for jig dimensions and general notes.

NOTES:
{1) Either hardened and greased shoulders or hardened roliers free to rotate shall be used.

{2) The shoulders or rollars shail have a minimum bearing surface of 2 in. for placement of the
specimen. The rollers shall be high enough above the bottom of the jig sathat the specimens
will clear the rollers when the ram is in the low position.

{3) The ram shall be fitted with an sppropriate base and provision made for attachment to

the tasting machine, and shall be of a sufficiently rigid design to prevent deflection and

misalignment while making the bend test. The body of the ram may be less than the dimen-
sions shown in column A of QW-466.1.

If desired. either the rollers or the roller supports may be made adjustacle in the horizontal

direction so that specimens of ¢ thickness may be tested on the same jig.

{5) The roller supports shall be fitted with an appropriate base designed to safeguard against
deflection or misalignment and equipped with means for maintaining the rollers centered
midpoint and aligned with respect to the ram.
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QW-466.2 GUIDED-BEND ROLLER JIG
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QW-424  Base Metals Used for Procedure

Qualification

Base Metal(s) Used for
Procedure Qualification
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

Oue 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. SA to
any metal from P-No. 5A

One metal from P-No. 5A to0 a
meta! 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 metals assigned that P-
Number

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

Any P-No3 metal to any metal
from P-No. 3 or P-No. 1

Any P-No. 4 metal 10 any metal
from P-Nos. 4, 3, or |

Any P-No. SA metal to any
metal from P-Nos. SA, 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 o P-No. 3 or P-
No. 1

The usassigned metal to itself

The unassigned metal to vany
metahm‘gnedtotbesame?-
Number as the qualified metal

The first emassigned metal to

the second unassigned metal
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