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A/SA-105 C Flanges &fittings
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ASME Il Part CSFA5.1 & cesly o0 JU o 09,5 p! SMAW g, 4 (5, ig 04,58l Gl gl
ax>l 0 ASME Il Part CSFA5.18 4 sl o0 09,5 oyl GTAW ooy, b 6,Khe> sl L bl gl

P Erry Syge al,y g0, oole sla o¥ed su by g o cwlin ) Sldes sla g, bl
@ Caglio 5 (Koybx> Cll> pl )0 egw ols (1ol 1) 05 CuuSd a4 p s S 5l o alais g o 4]

97 N Wl aw Jolss o |y Caogas (plaS 0,8 U e 5l solass LaiST e las Sguge JU yie Sl
4;‘.)).:) JL’J.».A 6‘;.’ oolazu! o)yjlﬁ_éj ‘35]‘&” Mbsn SA350 Gr LF2 9SA333 )‘ \e

ook o0 E7018-1 5 ER80S-Ni

2oy gsame o5 Cuol cnl 5 895 S Jbyie 4 bogsye Jghiz ST s ) 5 45 iz b IS

ST sl oY s : Y-

)5 Gy i (5,55 LLS g0 o ngs‘s,o\)wo?y)g;u sl Jb e o)Lo.;ngs\SéJLi):.o IRV

35,5 Vb glalos yo oaliinl cgzr Jlyio cnl wil (g0 0030 AU o (e Wil )5 a0 p0 o (e (S

39


User
Pencil


& SKg> 6l by, 4 peess ploul ( ASME PCC2 )Y Juad

Ll o JSes a8 (Jb e (6,500 g oiiwd a5 de 010 0929 (535 w55 oduay Hhas aSlal> ,o g 05l
599 Sy o 20,0 A5l i B Wl (oo 9 0Bk (o0 gie Jbyie (nl )3 S o3 05T (e 3k

g oo ooliinl LT 5l ol (sloles

P NO=3 L JU yio )-Y- il

&3 ASME IXQW422 oY b s o,les LASME I Part A & bgs o Jb jie 5l 1,5V 0g0>
LSAds)"‘A QSI}A JLib JL’J./.A‘UBM UJ.HJQ.A M)QW“‘"LS‘)“) Awd ‘y‘ LSLQ 05; u.;)m).,)lf)., 0l ool

Al oy o g 5B ¢ cds wlio ;o 09,5 cpl £95 5 Jglake (F Jgo) LS

ASME 11 -A slo SPEC ;5 ¥ b o ojleds b Jb e 5l 2,8 : ¥-Y Jsazr

Spec.No Type Or Grade Production Form
=T - -
ASSA-182 F1 Forgings
AfSA-209 Tl Smls.Tube
AJSA-217 WC1 Castings
AfSA-234 wpel Piping fittings
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AJSA-352 LC1 Castings
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A/SA-182 F2 0.5Cr-0.5Mo Forgings
A/SA-213 T2 0.5Cr-0.5Mo Smls.Tube
A/SA-250 T2 0.5Cr-0.5Mo E.R.W.Tube
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AfSA-182 F11.Cl.1 Forgings
AfSA-213 T11 Smls.Tube
AfSA-234 WP11,Cl.1 Piping fittings
AJSA-335 F11 smls.&Welded Pipe
AfSA-336 F11,Cl.1 Forgings
A/SA-387 11,Cl.1 Plate
AfSA-426 CP11 Centrifugal Cas Pipe
A/54-T39 B11 Bar
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AfSA-182 F22,Cl.1 Forgings
AfSA-213 T22 Smls.Tube
A/SA-234 WP22,Cl.1 Piping fittings
AfSA-335 P22 Smls.&Welded Pipe
AfSA-336 F22,Cl.1 Forgings
ASSA-387 22,Cl.1 Plate
AfSA-426 Ccp22 Centrifugal Cas Pipe
AJSA-739 B22 Bar
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A/SA-182 F5 Forgings
A/SA-213 T3 Smls. Tube
AfSA-217 C5 Castings
AfSA-234 WP5,Cl.1 Piping fittings
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A/5A-182 F9 Forgings
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Forging

Wrought Fitting

Plate
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TYP OR SMAW(EL) GTAW(ER)

PECNO | “GRaD PRODUCT  |ASME I SFA5.4 ASME Il SFA5.9
SA-182 F6a, Cl Forgings E410-150r 16 ER410
SA-182 FENM Forgings 13% Cr, 4% Ni

SA-182 F429 Forgings E430-16 ER430
SA-217 CA1l5 Castings

SA-240 Type 410 |Plate, sheet, & strip

SA-352 CABNM Castings

SA-426 CPCA15 Centrif_ugal cast

B pipe

SA-479 403 Bars & shapes

SA-487 |CA1ISMCLA Castings

sA-731 | sa1se0 | Smis-&welded

B pipe

SA-815 541500 Fittings

(P No/M NO=7) ¥ o leis bt JU o & A

Jb ke 5l eolass 05,5l pm 50 sl 0 (6,J38L ASME 11 o jlasbil o 09,5 ol jo Jb ke g5 YO
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Spec.No

Type Or
Grade

Mominal
Compositio
n

Proeduction Form

ASSA-182

F430

17Cr

Farging

A/SA-240

Type 430

17Cr

Plate

A/SA-268

TR430

17Cr

Smls.&Welded tube

AJSA-268

18Cr-2Mo

18Cr-2Mao

Smils.&Welded tube

A/SA-479

430

17Cr

Bars&Shapes

AJSA-731

TP439

18Cr-Ti

Bars&Shapes

ASSA-T731

18Cr-2Mo

18Cr-2Mao

Bars&Shapes

A/SA-803

TP439

18Cr-Ti

Welded tube

(P no/M no=10H,10J,10K..) Duplex ;L 95 S5 oo o oY g F- I

5 i s g olbond LT IS 0 azgi big p,S 2o, 0 YA LYY (ghls (650 90 55 0 sla o¥gd

VE Jgom 5 il o (3846 SPEC ol VY o ASME 11-A s luibiasl o 45 aies g5 )+«
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Ferritic-Austenitic Stainless Steels

F 50 25% Cr, 6% NI, 1.7% Mo
F 51 22% Cr, 5.5% NI, 3% Mo
F 52 26% Cr, 8% NI, 2% Mo
F 53 25% Cr, 7% NI, 4% Mo
F 54 25% Cr, 7% NI, 3% Mo, W
F 55 25% Cr, 7% NI, 3.5% Mo
F 57 25% Cf, 7% NI, 3% Mo,
1.5% Cu, 1% W
F 59 E NiCrMo-10
F 60 22% Cr, 5.5% NI, 3% Mo
F 6l 26% Cr, 9% NI, 3.5% Mo

(ASME II-Part B) ool mé JU yo V-

ol USG5 lasldT 5l 0,8 Yo 090 5> a4y sl 00l 0015 o3 ASMIL I Part B o ol 8 b ke
&l oads (6,l0%6L SB Wgion b aiil o g9 £ 5l Liw a5 0y ,S

:OT ‘_.;Ub)LJT 9 Jin -Vl
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[Vionel 400=

ASME SB-127, SB-163. SB-164, SB-165, SB-
564

ASTM B127. B163. B164. B165. B366. B564.
725, B730. F96. F467 (400). F468 (400)

EIIL SPEC MIL-N-24106, MITL-T-1368. MIL-

[-17547

Trade Name  [UNS Nickel Alloy Industry Specifications 0Moly Chemical
Composition
Nickel 200 UNS N02200lASME SB-160. SB-161. SB-162. SB-163 C 0.15 max
ASTM B160. B161. B162. B163, B366, B564,  |Cu 0.25 max
B725,B730 Fe 0.40 max
AWS C2.25 (W-Ni-2) Mn 0.35 max
[Ni 99.0 min
S 0.010 max
Si0.35 max
Nickel 201 UNS N02201|ASTM B160. B161. B162, B163. B366. B725.  |C 0.02 max
B730 Cu 0.25 max
Fe 0.40 max
Mn 0.35 max
INi 99.0 min
S 0.010 max
Si0.35 max
T sllog)S s VO-Y Jsar
Alloy 400 UNS N04400[AMS 4544, 4574, 4575, 4730, 4731, AS7233  |C 0.3 max

Cu rem

Fe 2.50 max
Mn 2.00 max
Ni 63.00-70.00

S 0.024 max
Si 0.50 max
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Alloy 600
Inconel 600

[UNS N06600JAMS 5540, 5580, 5665, 5687, 5961, AST232

IASME 5B-163, 5B-166, SB-167. SB-168, 5B-
564

IASTM B127. B163, B164, B165, B366, B564,
B725, B730., F96, F467 (400), F468 (400)

MIL SPEC MIL-N-24106, MIL-T-1368, MIL-
V-17547

C 0.3 max

Cu rem

Fe 2.50 max
Mn 2.00 max
INi 63.00-70.00
S 0.024 max
Si 0.50 max

Alloy 601
Inconel 601E

[UNS N06601ASTM B166. B167. B168, B751, B775, B829

IASME SB166. SB167, SB168, SB751. SB775,
SB829

INi 58.00-63.00
Cr 21.00-25.00
Al 1.00-1.70

C 0.10

Mn 1.00

Cu 1.00

Si 0.50

S 0.015

Fe Balance

AYD 5 5Y0 g5l 08,5 : V=Y Jgar

Alloy 625
Inconel 625®

UNS N06625

IASTM 5599, 5869, 5666, 5581, 5837
IASME B366. B443, B446. B444. B564. B704.
IB705, B751, B775, B820

(C 0.10 max
MIN 0.5 max
P (.15 max
S 0.15 max
Si 0.50 max
Cr 20.0-23.0
Ni 58.0 min
Mo 8.0-10.0
(Co 1.0 max
Ti 0.40 max
1Al 0.40 max
Fe 5.0 max
IND 3.15-4.15

Alloy 825
Incoloy 825

UNS N08825

IASTM B163, B423, B425. B564. . B424, SB425,
SB564, B704, B705. B751. B775, B329. B906
IASME SB163, SB423, SB424, SB425, SB564.
SB704, SB751. SB775, SB809, SB906

(C 0.05 max
Cr 19.25-23.5
Fe 0.50 max
INi 38.0-46.0
1Al 0.2 max
Ti 0.6-1.2

Cu 1.5-3.0
Mo 2.5-3.5
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Hastelloy C-276 N\ A-Y Jgo>

C-276 [UINS N10276ASTM B374. B564, G28-A/B. B575. A480, Cr 14.5-16.5
Hastelloy C-276E IB619, Bo26 W 3.0-4.5
IASME SB574, SB564, SB575, SB619, SB626  (Mn 1.0 max
'V 0.35 max
S 0.03 max
INo 15-0-17.0
Fe 4.0-7.0
Co 2.5 max
C 0.02 max
P (.03 max

Si0.08
INi Balance

Hastelloy C-22: Ya-Y Jgo>

C-22 UNS N06022JASTM B574, B575. B619, B622. B626 INi 56
Hastelloy C-22& IASME SB574. SB575. SB619. SB622. SB626  |Co 2.5
Cr 22
Mo 13
W3

Fe 3
Si0.08
Mn 0.50
C 0.010
IV 0.35

R PRWIPT OO VAT ) B PREO IS B yany LgLa:)LJT $lp 6> sla 09 xS
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Suggested Filler Metals for Welding Nickel Alloys to Steel

Nickel Alloy 7 Filler Metal for Welding to®
UNS No. Common Dsignatinn_“ Filler Metal Form  Carhon or Low-Alloy Steel Stainless Steel
- - Covered electrode ENi-1, ENiCrFe-2 ENI-1, ENiCrFe-2, ENiCrFe-3

NOZ200  Commercially pure nicke! Barc wire ERN-1, ERNICr-3 ERNI-T, ERNICr-3, ERNICrFe-6

mgg% ﬁﬂg‘f ;‘20500 Covered electrode ENiCu-7, ENi- ENiCrFe-2, ENICrFe-3

NS00 Allu¥502 Bare wire ERNi-1 ERNICr-3, ERNiCrFe-6

IN06600 Alloy 600 Covered electrode ENiCrFe-2, ENiCrFe-3 ENiCrFe-2, ENiCrFe-3

NO3S00  Alloy 800 Bare wire ERNiCr-3, ERNiCrFe-6 ERNiCr-3, ERNiCrFe-6
Covered electrode ENiCrFe-2, ENiCrMo-3 ENiCrFe-2, ENiCrMo-3

NOBSZ5  Aloy625 Bare wire ERNIC-3 ERNICrMo-3  ERNICr-3, ERNiCrMo-3
Covered electrode ENiCrMo-3 ENiCrMo-3

NOB825  Alloy 825 Bare wire ERNICrMo-3 ERNICrMo-3
Covered electrode ENiMo-7 ENiMo-7

N10665  Alloy B-2 Bare wire ERNiMo-7 ERNiMo-7
Covered electrode ENiCrMo-4 ERNiCrMo-4

N10276 Aoy C-276 Bare wire ERNICrMo-4 ERNICrMo-4
Covered electrode ENiCrMo-4 ENiCrMo-4

N0B455 Alloy C-4 Bare wire ERNiCrMo-7 ERNiCrMo-7
Covered electrode ENiCrMo-9 ENiCrMo-9

NOGOO7 Alloy @ Bare wire ERNICrMo- ERNiCrMo-1

:OT ‘_.;Ub)LJT 9 wgﬂ Y-vY-Ji

550 09 wgs JS ks 51 SB234 . Spec o,les b by Jlie lgie 4.l ool (5,l35L Spec

il oo w15 sl 5L yolie duoyo a4 axg b g ol 00l B yre
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Mominal
Composition

- -

UMNS No.

Type Or Grade

Alclad 3003
1060 A910e60
3003 AS3003
5052 A95052
5454 AS5454
6061 A96061

Al-Mn-Cu
99.604Al1
Al-Mn-Cu
Al-2.5Mg
Al-2.7Mg Mn
Al-Mg-Si-Cu

B JSs 5o Ll ST sy el 9 Sl By oz a5 15 0)leds b iy el slosll ggome 5o s

Aluminium
I I | I I I
Cu Mn Si Mg Zn Other
|
1)00( \
2014A

1080

oo 5183
4043/4047 5356

ool Gl ST gy iy £ O-F JSCS

Diwd Y8 B YY (P NO) JU yio 0,leis s1)lo puiaglT (sla3WIT 5.5 ASME IX-QWA422 o lasli! jo
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1100

{1050)
{b)(e)

5005,
5050

5052

5083

5086

5154,
5154

5454

5456

6005,
6081,
6063,
6351

7005

3560
4430

6 Sg> sl i) & eest ploil  ASME PCC2 )Y fuas

4043
(d)ie)

4043
(d)ie)

oiogd | lasLIT (sl 09 58l g L Gl uo Lo = VY=Y Jgo

4043 4043 L3113
(d){e) (d){e) {b){(d)
4043 4043 5356 (d)
(d){e) (d){e)
4043 4043 5356 (d)
(d){e) (d){e)
5356 5356 (d)
(a){b)
5183 (d)

5356
(b)d)

5356 (d)

5356 (d)

5356 (d)

5356 (d)

5356 (d)

4043
(d)fe)

5356 (a)

5354 (a)

5356 (a)

5356 (d)

5356 (d)

5356 (2)

4043
(d)(e)

5356 (a)

5356 (a)

5356 (a)

5356 (d)

5356 (d)

5356 (2)

5554
(e)(d)

5356
b){d)

5356 id)

5356 (d)

5356 (d)

5183 (d)

5356 (d)

5356 (a)

5356 (d)

5556 (d)

4043 (g)

4043
(d)(e)
4043
(d)(e)
5356
(a)(b)
5356 (d)

5356 (d)
5355 (a)
5356
(@)(b)

5356 (d)

4043
(@)(e

5356
(Blid)

5356
(b))

5354

(b)(d)

5356 (a)
5183 (d)
5356 (d)
5356 (d)
5356 (a)

5556 (d)

5356
(@)(b)

5356 (d)

4043 (e)

4043 (¢)

4043 (&)

4043
(a)le)
5356
(b){(d)
5356
(b){d)
4043 2)

4043
(2)e)

5356
(B){d)

4043
(@)fe)

4043
(@)fe)

4043
(c)e)

ol W5LIT 5 e :¥-V— Ll

508 el ool (6,13560 ASME 11-B o Spec o,lais V8 sga o e 5LIT g5 VYV + 51 e

YO U Y)Y (P No) JU e o)les b o slo5LIT 55 ASME IX-QWA22 j5 ol oo 509 g2 0955 O

aseia ASME 11-C SFA5.06/5.07 1o e slailll s, ISbg> slo o5 55 g b ciunsl o _yaseine
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TABLE 2
SUMMARY OF MATERIALS REQUIRED FOR TESTING

Base Metal® (ASTM Specifications and UNS Numbers)

AWS Transverse Guided
Classification Chemical Analysis Tension Test” Bend Test!
ECu B152 or B11 (12200 B152 or B11 C12200 B152 or B11 C12200

ECUSi B9 or B97 (65500 B9 or B97 C65500 B9% or B97 C65500
ECuSH-A B103 £51100 B103 (51100 B103 C51100
ECuSn-C B130 (52100 B130 (52100 B130 052100
ECUN® B122 (71500 B122 (71500 B122 C71500
ECUAl-A2 B169 C61400 B169 C61400 B169 (61400
ECUAI-B B148 095400 B148 095400

ECUNiAl B148 £95800 B148 095800 B148 £95800°
ECuMANiAl B148 (95700 B148 (95700 B148 (95700°

el bWl -y I

sl jo IS5 g oudge ¢ puosls « puiogd] .ol a8 a0 ASME 11-B 0wl 5LIT £45 4+ 5l i

DS oo 55k ol i peslins
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Spec.No Type Or Grade

-

-

Production Form

B/SB-265
B/SB-338
B/5B-348
B/SB-363
B/5B-381
B/SB-861
B/SB-362

2H
2H
2H
WPT 3
F-1
2H
2H

Plate,Sheet &5Strip
Smils.&wWelded Tube
Bars &Billets
smils.&wWelded fittings
Forgings

smls.Pipe
Welded Pipe

Sy 0,00 )18 S s Gl (g0 4515 (63,90 LT gz (o3l iz 5 euilis Jb ke sla )b 50
7€ 9 g8 BB (5 03,05 VP Jgar 0l (oo o (o0 ool Ll (59, 45 (0,8 )1 51 o asLIT !
e oo lad | puibis slasll (g5, (6, ig alox 5l 0,5 S ploxil Slaw 1, LB

pelid s3T5 (solass -

Weld Color Quality Indication
Bright Silver Acceptable®
Silver Acceptable’
Light Straw Acceptable®
Dark Straw Acceptable®,
Bronze Acceptable®
Brown Acceptable®
Violet Unacceptable® ©
Dark Blue Unacceptable® ©
Light Blue Unacceptable® °
Green Unacceptable® ©
Gray Unacceptable
White Unacceptable
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Mominal

Spec.No Type Or Grade Composition Production Form

- 1 -

B/SB-493 RE0702 i 99.27r Forgings
B/58-493 RG60705 85.5Zr+2.5Ch Forgings
B/SB-523 RE0702 i 99.27r Smls.&Welded Tube
B/SB-323 RB0705 95.57r+2.5Ch Smls.&Welded Tube

B/SB-550 RE0702 i 99.24r Bar &Wire
B/SB-550 REO705 895.57r+2.5Ch Bar &Wire
B/5B-551 RE0702 i 99.24r Plate,Sheet &Strip
B/5B-551 RE0705 95.57r+2.5Ch Plate,Sheet &5Strip
B/SB-653 RB0702 j 99.27r Smls.& Welded fittings
B/SB-658 REO702 . 99.24r Smls.&Welded Pipe
B/SB-658 RE60705 95.5Z2r+2.5Ch Smls.&Welded Pipe

0555 25 sl 4 bgy e (6 Kis sla L8 YY-Y Jouxr

[SPECIFICATION FOR ZIRCONIUM AND ZIRCONIUM
ALLOY WELDING ELECTRODES AND RODS

SFA-5.024
ER Zr2 ERZrd
ERZr3
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Table A.1—Carbon and Low-allow Steel

& H
w in E _ _ _ _
@ - [} [*]
§ 5 E o i) g 3 2 E
& 5 o o @ o s @ ®
Base Material = ] b = = 2 2 2 z
(See Notes 1, 2, and 4) o = &} - o 2 2 =
£ ] = 5 < T z z z
S 5 - = S O B = =2
5 - N w @ ] o @
-] c
E [}
O -
carbon steel AB AC AD ADE ADEF ADEFH Ad AK *
(see Note 3)
carbon-molybdenum steel C CD CDE CDE CDEFH * * *
1and 1 144 Cr-1/2 Mo steel D DE DEF DEFH * * *
2 /4 Cr-1 Mo steel E EF EFH * * *
5 Cr-1/2 Mo steel F FH * * *
H * * *
9 Cr-1 Mo steel (see Note 4)
2 1/4 nickel steel J JK LM
3 1/2 nickel steel K LM
9 % nickel steel LM
Key
A ASME/AWS SFASA 5.1, Classification ETOXX low hydrogen (see Note 5).
B ASME/AWS SFAJA 5.1, Classification EG010 for root pass (see Note 5).
C ASME/AWS SFAMA 5.5, Classification ETOXX-A1, low hydrogen.
D ASME/AWS SFAJA 5.5, Classification ETOXX-B2ZL (see Note 6) or EB0XX-B2, low hydrogen.
E ASME/AWS SFAMA 5.5, Classification EBDXX-B3L (see Note 6) or ES0XX-B3, low hydrogen.
F ASME/AWS SFAJA 5.5, Classification EB0XX-BE or EB0XX-BEL (see Note 6), low hydrogen.
H ASME/AWS SFAJA 5.5, Classification EB0XX-B8 or EBDXX-BSL (see Note 6), low hydrogen.
J  ASME/AWS SFAA 5.5, Classification ES80XX-C1 or ETOXX-C1L, low hydrogen.
K ASME/AWS SFAMA 5.5, Classification EBOXX-C2 or EFOXXC2ZL, low hydrogen.
L ASME/AWS SFAJA 5.1, Classification ENICrMo-3.
M ASME/AWS SFAJA 5.1, Classification ENICriMo-6.

*

An unlikely or unsuitable combination. Consult the owner's engineer if this combination is needed.

MOTE 1 This table refers to coated electrodes. For bare wire welding (SAW, GMAW, GTAW), use eguivalent elecirode classifications
(ASMESAWS SFAMAS 14, SFAJAS 1T, SFAJAS 18, SFAJAS 20, SFAFAS 23, SFAJAS 28). Refer to the text for information on other processes.

NOTE 2 Higher alloy electrode specified in the table should normally be used to meet the required tensile strength or toughness after PWHT.
The lower alloy electrode specified may be required in some applications to meet weld metal hardness requirements.

NOTE 4  This table does not cover modified versions of Cr-Mo alloys.
MOTES See6 1.3

NOTES PWHT can cause the strength of these filler metals to drop below minimum requirements. Care should be taken to insure adequate
strength in the PWHT condition.
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Table A.2—Stainless Steel Alloys

( ASME PCC2 )Y b

T8 |3 |3 |2 | 2|33 8|2 2 3|8
n b n 0 0 @ o 0 e e n n @
o 2 o o @ 4 o ® @ a o o @
2128 8| &8 |8 |2)z¢2 3 g%
Base Material k= T £ £ — o £ £ — = £ £ r—
(SeeNotes1,2,and3) | = | & | 2 | & | & @ g |5 8|3 a a &
g |8 |2 |2 |2 |F|e|e|2|¢&E 5 5 | &
= - = L) = = © ] = o o © -
@ @ @ @ @ @ @
s | & 2| &g| 8| 2|&|g| 8 -3 £ s | 2
-9 == = = e =
= = = = =5 = - - = — = = (=
carbon and low-alloy steel| AB | AB | AB | AB | AB | AB | AB | AB AB AB AB AB | AB
Type 405 stainless steel | ABC | ABC |ABC | AB | AB | AB | AB | AB AB AB AB AB | AB
Type 4105 stainless steel ABC |ABC | AB | AB | AB | AB | AB AB AB AB AB | AB
Type 410 stainless steel ABC | AB | AB | AB | AB | AB AB AB AB AB | AB
Type 304 stainless steel D DH | DJ A DF | DGH | DI DE DE DE
Type 304L stainless steel H DHJ| A DF GH HI DE DE DE
Type 304H stainless steel
(see Note 5) J A | DFJ |DGHJ| DI DEJ EJ EJ
Type 310 stainless steel K AK A A A A A
Type 316 stainless steel F FG Fl EF EF EF
Type 316L stainless steel G Gl EG EG EG
Type 317L stainless steel | El El El
; E
Type 321 stainless steel (see Note 1) E E
Type 347 stainless steel E E
Type 347H stainless steel E
(see Note 5)

Key

— T I o mmo 9 moE

ASME/AWS SFAJA 5.4, Classification E308-XX.
ASME/AWS SFA/A 5 11, Classification EMICrFe-2 or -3 or ENICrMo-2 (see Note 4).

ASME/AWS SFAJA 5.4, Classification E410-XX (0.05 % C max.) (heat treatment at 1400 °F required).
ASMEIAWS SFAJA 5.4, Classification E308-XX.
ASMEJAWS SFAJA 5.4, Classification E347-XX.
ASMEJAWS SFAJA 5.4, Classification E316-)04.
ASME/AWS SFAJA 5.4, Classification E316L-20(.
ASME/AWS SFAJA 5.4, Classification E308L-20(.
ASME/AWS SFAJA 5 4, Classification E317L-20(.
ASME/AWS SFAJA 5 4, Classification E30DBH-XX.

K ASME/AWS SFA/A 5.4, Classification E310-XX.

NOTE 1

AWS SFAJA 5.9, SFAJAS 14). Refer to the text for information on other processes. Either ER347 or ER321 may be used for GTAW or PAW of
Type 321 stainless steel.

NOTE 2
NOTE 3
NOTE 4
NOTE 5

This table refers to coated electrodes. For bare wire welding (SAW, GMAW, GTAW), use equivalent electrode classifications (ASME/

The higher alloy electrode specified in the table is normally preferred.
See Section 6 weld mefal delta ferrite requirements.
See 6.2 2 for the temperature limitation for nickel-hase filler metals.

E16-8-2 is often specified when the weld depaosit will be exposed to high creep strains where sigma phase may affect performance.
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Table A.3—Duplex Stainless Steels

QOvermatched
Duplex Alloys Undermatched Alloys Alloys
o = =
s |eg|5|8|8
Base Metals | — 8 = o =4 p= = P -
3 8 r =z 5 = o g g | 8 ) o
S| 8| & s | & |8 |z S &2 | 55
o = o = E o =) =
N © @ Iz‘ ) [e]
o o - e =
E o o
TN UNS
2304 832304 A-DF | A-DF A-DF A-DF AEF AEF AF H GH GH
531803
2205 A-D A-D A-D A-D A-D AEF AEF AF GH GH GH
S32205
F255 532550 B-D ABEF ABEF | ABF GH GH GH
Zeron 100 S32760 CDGH | A-DEF | A-DEF | ADF | GH GH GH
2507 532750 CDGH | A-DEF | A-DEF | ADF | GH GH GH
DP3W 539274 CDGH | A-DEF | A-DEF | ADF | GH GH GH
Key
A ASME SFA 54, Classification E(R) 2209—duplex filler material.
B ASME SFA 54, Classification E (R)2553—duplex filler material.
C ASME SFA 54, Classification E(R) 2594—duplex filler material.
D DP3IW (unclassified )—duplex filler material.
E ASME SFA 54, Classification E(R) 309L—high-alloy austenitic filler matenal.
F ASME SFA 54, Classification E(R) 308LMo—high-alloy austenitic filler material.
G ASME SFA 511, Classificafion ENiCrMo-10—nickel-base filler material.
H ASME SFA 511, Classification ENiCrMo-14—nickel-base filler material.
MNOTE  This table refers to coated electrodes. For bare wire welding (SAW, GMAW, GTAW), use equivalent electrode classification (ASME/
AWS SFAJAS 9 and SFA/AS 14). Refer to the text for information on other processes.

ol sl 5 USG5 sl 6 ) Sigz 09 2SIl QLBskY V- Jour
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Table A.4—Copper-nickel and Nickel-base Alloys

- b oy
Z — - | 8% —_ —_ — - ) —_ — -
2|1 8|8|=28/8 /8|8 |8 |5|g8|8 8
Sl 3| a|lzgz| 8|8 | 8|2 |2 |8 |88
- o g 2 =] =] =] 2 =z - = =
Base Material 2 = S |2z | £ | £ | £ | S o Z 2|z
{See Note 1) = = g |Zz2| 8 o o & 5 o ” S
c £ e —® | & © © O : 1} o 0]
o > T = > > > - o > > ey
S| 28|25 22| 2|2 S| 2] 2|2
& < z | 38| « < = = = = = =
- =c <
<=z
carbon and low-alloy steel BC BC C A A A A D E F G H
300 series stainless steel BC AC AC A A A A D E F G H
400 series stainless steel B B AC A A A A D E F G H
70-30 and 90-10 Cu-Ni B B C C C C C * * * * *
Alloy 400 (NO4400) B BC A A A A A A F A A
Mickel 200 (NO2200) C AC AC AC AC CcD CE CF CG CH
Alloy 800 (NO8800), 800H
(NDO8810), 800HT (NO8811) K A A A DJ EJ FJ GJ HJ
(see Note 2)
Alloy 600 (NOG600) A AJ A DJ EJ FJ GJ HJ
Alloy 625 (NOG625) J J DJ EJ FJ GJ HJ
Alloy 825 (NO8825) J DJ EJ FJ GJ HJ
Alloy C-22 (NO&022) D EJ FJ GJ HJ
Alloy C-276 (N10276) E FJ GJ HJ
Alloy B-2 (N10G665) F GJ HJ
Alloy G-3 (NOB6385) G HJ
Alloy G-30 (NO6030) H
Key
A ASME/AWS SFAJA 5.11, Classification ENICrFe-2 or -3.
B ASME/AWS SFAJA 5.11, Classification ENICu-7.
C ASME/AWS SFAJA 5 11, Classification ENi-1.
D ASME/AWS SFAJA 5.11, Classification ENICrMo-10.
E ASME/AWS SFAJA 5.11, Classification ENICriMo-4.
F ASME/AWS SFAJA 5.11, Classification ENiMo-7.
G ASME/AWS SFAJA 5.11, Classification ENICrivo-9.
H ASME/AWS SFAJA 5.11, Classification ENICrMo-11.
J - ASME/AWS SFAJA 5.1, Classification ENICrMo-3.
K - ASME/AWS SFAJA 511, Classification ENICrCoMo-1 or matching filler.
* An unlikely or unsuitable combination. Consult the purchaser's engineer if this combination is needed.
NOTE 1 Table A.4 refers to coated electrodes. For bare wire welding (SAW, GMAW, GTAW), use equivalent electrode classification (ASME/
AWS SFAJA 5.14). Refer to the text for information on other processes.
NOTE2 For Alloys 800, B00H, and 800HT, if sulfidation or stress relaxation cracking is a concem, use maiching filler metals.
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Material Temperature Limit
Carbon Steel (UTS < 414MPa (60 ksi)) 343°C (650°F)
Carbon Stesl (UTS > 414MPa (60 ksi)) ST°C(T00°F)
Carbon Steel — Graphitized I71°C (700°F)
C-1/2Mo 399°C (750°F)
1-1/4Cr-1/2Mo — Normalized & Tempered 427°C (800°F)
1-1/4Cr-1/2Mo — Annealed 427°C (B00°F)
2-1/4Cr-1Mo — Normalized & Tempered 427°C (800°F)
2-1/4Cr-1Mo — Annealed 427°C (800°F)
2-1/4Cr-1Mo — Quenched & Tempered 427°C (800°F)
2-1/4Cr-1Mo -V 441°C (825°F)
3Cr-1Mo-V 441°C (825°F)
5Cr-1/2Mo 427°C (800°F)
7Cr-1/2Mo 427°C (800°F)
9Cr-1Mo 427°C (800°F)
9Cr-1Mo -V 454°C (850°F)
12 Cr 482°C (900°F)
AlSI Type 304 & 304H 510°C (950°F)

AlISI Type 316 & 316H

538°C (1000°F

( )

AIS| Type 321 538°C (1000°F)
AISI Type 321H 538°C (1000°F)
AIS| Type 347 538°C (1000°F)
AISI Type 347H 538°C (1000°F)
Alloy 800 565°C (1050°F)
Alloy 800H 565°C (1050°F)
Alloy 800HT 565°C (1050°F)
HK-40 649°C (1200°F)
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2 .

-Coars Grain
3 -Grinding
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-Half Bead Techniques

-Consistent Layer Technique

-Alternate Temper Bead Technique

-Controlled Deposition Technique

Reheat Cracking

° Heat Input Ratio Layer 1 to Layer2 Or Heat Input Ration Layer 3 To Layer 2 .....
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Welding Parameters 2,5 mm electrodes

Run Volts Amps Speed Heat
mm/mi | Input
n KJ/m

m
1 20 100 173 0.69
2 21 95 156 0.76
3 21 95 153 0.79
4 20 895 174 0.67
5 20 95 174 0.66
6 20 95 180 0.63
7 20 95 180 0.63
8 20 95 192 0.59
9 21 95 180 0.67
0.67

FIRST LAYER

Welding parameters 2.5 mm electrodes

Run | Volts | Amps Speed | Heat
Input
10 21 100 132 1.19
11 21 a5 132 1.19
12 21 a5 140 113
13 21 a5 146 1.10
14 21 a5 146 1.09
15 21 a5 138 1.14
16 21 a5 140 1.13
1.14

SECOND LAYER
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THIRD LAYER

Welding Parameters with 3.2 mm electrodes

Run Volts Amps Speed Heat
Input

17 21 125 113 1.39
18 21 125 118 1.33
19 21 125 105 1.50
1.40

Welding Parameters with 3.2 mm electrodes

FINAL LAYER

Run Vaolts Amps Speed Heat
Input

20 21 125 140 1,13
21 21 125 142 1,11
22 21 125 150 1,05
1.10
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13 -Hardness Test Essential Variables

14 . .
-Impact Test Essential Variables
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As before we calculate the force by the internal pressure
multiplied by the area it is applied over:

Force=P.2r.dx

The area this force is applied over is the two parts of the
ring at the top and bottom of the cylinder:

Area= 2.t.dx

Combining these, we can calculate the longitudinal stress:

g, =P.2r.dx/ 2.t.dx
g, = Pr/t = o,=PD/2t

Aol b Bl Sy o e (55 5 955 porie FO-Y SO
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G.=Force/ Area Force = Px (Cross-sectional area of pipe)
= Prr?

The areathisforceis applied overis the thin ring of wallaround
the edge: Area=2nrt

Combiningthese, we can calculate the longitudinal stress:
o. —Parif2nt. - —

o =B

0,=PD /At 3
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Fep = PD,, /2
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Fc=Fcp + Feo
FL="Fip+Fio
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A=2A1+2A2 +A3

R
-
V= A¥1=V=2(X2tga) +2(T-X)2tga +R*T
AT dV/dX =0 - 2tga[2X+4T-4X] =0-> -
X
T Al i
33 gt £ T-X 2X+4T=0->X=T/2

V= 4X2tga -4TX+2T2+R*T
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Specification Requirements, ksi

Typical As-Welded, ksi

Typical Stress Relieved, ksi

Filler Metal Ultimate Yield Ultimate Yield Ultimate Yield
E&013 62 50 74 &4

E6018 67 55 68 57 . .
EFO18 72 60 87 79 83 [Note (1)] 74 [Note (1)]
EFO18-A1 70 [Note (1)] 57 [Mote (1)] 90 71 84 [Note (1)] 70 [Mote (1)]
EB018-B2 80 [Note (2)] 68 [Note (2] 118 103 95 [Nate (1)] 79 [Note (1)]
E9018-B3 90 [Note (2)] 77 Note (2] 141 127 101 [Mote (1]] 87 [Mote (1)]
E9015-B9 90 [Note (3)] 77 Note (3)] 210 120 [Note (4)] 100 [Mote (4)]
ER705-2 70 58 74 60 . .
ER7O5-6 72 &0 94 [Note (5)] 75 [Note (5)] 85 [Notes (1), (5]] 71 [Notes (1), (5)]
ERBOS-D2 80 68 110 79 100 [Note (2)] 86 [MNote (2)]
ER70S-A1 80 [Note (6)] 68 [Note (6)] 92 79 90 [Note (2)] 72 [Note (2)]
ER905-B3 90 [Note (2)] 78 [Note (2] . . 104 [Mote (2)] 93 [Note (2)]
NOTES:

(1) Stress relieved @ 621°C (1,150°F) for 1 h.

(&) Stress relieved @ 760°C (1,400°F) for 1 h.

(5) GTAW process.
(6) SGMo DIN 8575, Wks. No. 1.5424,

(2) Stress relieved @ 690°C (1,275%F) for 1 h.
(3) Stress relieved @ 746°C (1,375°F) for 1 h.

0 A |y )5 i plosl Comdy (oS Djge 4 45 el (6,500 )L plgie @ 5 (CE) Jolao oS
s

CE =C+ (Mn+Si)/6 + (Cr +Mo + V) /5 + (Ni + Cu)/15

o Skl ol ax 0 YVY B Y- F sloo 51 0,5 iw CE>0.6 (sl g ol Sl a0 Vo F b a0

sk

WG g0 05 Dygo oS ey LB (gl 45 Cel (6500 Jlre lsie 4 (Pem) S5 (e Gt el
51830 (o ey el g el pamge 5 (s 9 $R1D)S 5 ke Olgre 4 bl cnl sl Sl we
o0 oo w5 oy plonil pae b plaxil &9, 9 Cunds

Pcm = C+Si/30 +( Mn + Cu +Cr)/20 + Ni/6 + Mo/15 + V/10 + 5B
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Item

Description

Pipe 10in ,A/SA335 P91

2,3

Pipe 2in ,A/SA335 P91

Reducer, AfSA234 WP91

5,7

Flange A/SA182 F11

Elbow 90, A/SA234 WP91
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Table B.2—Type and Number of Test Specimens for Longitudinal Seam Welds—Welder Qualification Test

Number of Specimens

Wall Thickness Tensile
Nick Break | RootBend | Face Bend | Side Bend Total
=0.500 in. (12.7 mm} 1 1 1 1 4
=0.500 in. (12.7 mm)} 1 1 2 4

% Macro Test-MT
*° _side Bend-SB
* _Face Bend-FB
*! _Root Bend-RB
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<12.7 mm Fillet 4 Ca 4 2 2

(0.500 in.) Attachment 4 Ce 4 2 2

Weld metal buildup 4 A .. 2 2

>12.7 mm Fillet 4 Cae 4 2 2
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Weld metal buildup 2 2 e 2 2
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Table QW-253.1
Welding Variables Procedure Specifications (WPS) — Shielded Metal-Arc Welding (SMAW)

Special Process Variables
Essential Variables

Hard-Facing Overlay (HF D) Corrosion-Resistant Overlay | Nonessential Variables for

Paragraph (OW-216) {CRO) (QW-214) HFO and CRO
Qlt;ir::i 16 <  Finished ¢ <  Finished t
QW-403 .20 ¢ P-Number ¢ P-Number
Base Metals .23 ¢ T Qualified ¢ T Qualified
A2 ¢ Classiflication

QW-404

37 b A-Number
Filler Metals p
36 ¢ Diameter [1st layer)
QW-405
o ' 4 +  Position + Position

Positions

OW-406

Dec. = 100°F (55°C) preheat Dec. = 100°F [557°C) preheat

Preheat 4 > Interpass > Interpass
QW-407 1 ¢ PWHT
FWHT 9 ¢ PWHT
QW-409 4 ¢ Current or polarity ¢ Current or polarity
Electrical
Characteristics 22 Inc. > 10% 14 layer Inc. = 10% 1st layer
A ¢ String/weave
QW-410 5 ¢ Method of cleaning
Technigue 26 + Peening
38 ¢ Multiple v single layer ¢ Multiple to single layer
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e =

w
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7
Optional bevel

50 = (PD,/2T) + (3PD.|H€{T2)

load path eccentricity (T + t)/2, mm (in.)

= calculated weld stress, MPa (psi); S, = 1.55,
= wall thickness of patch plate, mm (in.)

| oMuaMJ.vo J5J.>).>Mu5...c Lg‘).:)jjd.o ‘:‘).o.o.'.i U9y ol

a8 FA-Y Jgoo o alise wgue 6‘)-.’ 6y oe> L be....- oS (99, )’1 oolaiw! cunls FO-Y Jogu

“5’.@9.0 ‘SLEb L;QJP d‘fe)»bsoéwt.o d)yssng.o& L.SLQ CwolBus u&lsd‘).: ws) L)"‘ ol 0

8,5 a0 bS5 g Job aile wgue slp by, 3l eolatwl ail oo (olin by, (SS9 sl 0y

aolb oo @l @“M. o

Alids Cgae 6l By, abog (Slesi (hg) sl FAY oo

General Local | Pitting | Gouges | Blisters | Laminations | Circumferential | Longitudinal
wall wall Crack
Thinning | Thinning
N Y Y Y S N R R

156




Lg).f.ﬂ gy 6)51‘515

& SKg> 6l by, 4 peess ploul ( ASME PCC2 )Y Juad

(Thread-Welded Plug) ;s cu> &l o093, sla SO 5l solaiwl A\ Y-Y

(lorns g V) PV

0 Sl ools 7y (s A5 pgae Gl e Slp pp g 0ltd LS omie &S pgee Sl e b, Ol 50

o) 09 oo plonil xbans gz b ooy o 5 (el o3, Jlasl b ad) Cowss 51 plSoninl 595 ooliisl wilg3

o Pl 5k 3550 slo 93T s plnil g (s e 59y Rl GKEsz s 5 09 (0 mad Jre

i g o &) sl M Ldged VY-V IS

‘-’9**‘

b Coogase: Y-1Y-Y

oolaiwl Sl pas o, ol sl Coogasme (p yiage 5l el ool 0B Y fad o g, (pl slo Cusgase

5 esbin 3,55 ¢ JoU « (ooges la (59,93 ln il SOl (oo gy g 5 b (S5 sl ol

b
Alides Cgae ln (292D 09)) SNy (Slmeni b9y sl FA-Y Jgo
General Local | Pitting | Gouges | Blisters | Laminations | Circumferential | Longitudinal
wall wall Crack
Thinning | Thinning
N Y Y Y S N R R

157




6)5‘“@9:’.:6)3]‘5)5 d)&lydbuij)dgw‘nbd\:(ASME PCC2 Y ad

Ego90 Ol cwl o3l b aes SR ;;‘5)55 Sy slesl g lacol jo cnl (o a5l 0 4 g5 L
.o).;)‘).'é)]éj.uo.bo)? 6&&,;:.06\)9

o>yl YV TY

S plouiul wiyls sgzg aS oo ogyy olawi. aws co Ll |y Slhexd By, opl 5l ol aiged VY-V S

> Sl blasl copo ¢ pllowiul (Jl e g9 )5 5l Sl (oo - 098 (o0 colitul &S (gl og3, S
WSl Ko . oy 6 long3 arly 5 I8 L lie b lyls 5l eslinad jl . wsl azdls caills b B L gaia

23,5 9l g o) n gl (wasge LS
20,5 Cale g (Glad 4 axg5 L) Jobo oy 093, olows sl alolé ¢ b o3, o;lal

g oyt SIS LS il 3o b 0g)y Jesdl oS g olal ka3 51 celin O il o5l

158



Lg).f.ﬂ gy 6)51‘515

& Sbsx o g, 4 yrand plxil :( ASME PCC2 )Y Lab

159

>
Mini o After 0.25 in. seal weld is
ImTumld 0 passes > d < completed, weld counterbore
sealwe P a minimum of two passes
0.251n
/_\_: I /I.
T /
[
{al Plug Welded in Position
+0.000 in.
Tube -0.031 in.
dia. +0.250 in.
QOutside < > — Counterbore
of drum f
x\‘
Inside -
of drum L 45 deg approx.

(b} Plug Arrangement for Tube Holes With Inside Counterbore

45 deq approx.
Inside F

of drum
\

Qutside Tube ~0.037 in.l Counterbore

of drum dia. +0.125in. |
-

(e} Plug Arrangement for Tube Holes Having No Counterbore or
With Qutside Counterbore
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1. Socket weld flange
2. Pipe

3. Socket weld elbow
4. Fillet weld
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