











Lists of Welding Consumables

Welding Trade ASME Weldin Trade ASME
rade ASME/AWS JIS Page 9
Process designation F No. | A No. g Process designation ASME/AWS JIs FNo. | ANo Page
SMAW | [AF-12 - 73251 DF3C-500-B - - | 276 FCAW | DWW 03 ) ) ) " | 302
HF-13 - 23251 DFAA-450-B - - | 276 DW-N82 A5.34 ENiCr3T0-4 - - - 302
HF-16 - 23251 DFME-300-B - - | 278 DW-N625 A5.34 ENiCrMo3T1-4 - - - | 304
HF-30 - 23251 DFCrA-700-B - - | 28 DW-NC276 A5.34 ENiCrMoA4T0-4 - - - | 304
FCAW DW-H250 - 23326 YF2A-C-250 - - 278 DW-N625M _ _ _ _ 304
DW-H350 - 23326 YF2A-C-350 - - | 28 GMAW | |[MG-S70NCb A5.14 ERNICr-3 73334 YNICr-3 43 - | 306
DW-H450 - 23326 YF3B-C-450 o R L GTAW | [TG-S70NCb A5.14 ERNICr-3 23334 YNiCr-3 43 | - | 308
DW-H600 - 23326 YF3B-C-600 o R L TG-SN625 A5.14 ERNiCrMo-3 | 3334 YNICrMo-3 43 | - | 308
DW-H700 - 23326 YF3B-C-700 - - | 278 TG-S709S A5.14 ERNiMo-8 73332 YGTONi-2 44 - | 308
DW-H800 - 23326 YF3B-C-800 - - | 28 saw | [PF-N3/US-709S] |A5.14 ERNiMo-8 | Z3333 FSONI-F/YSONi| 44 - | 310
DW-H11 - 23326 YFMA-C-250 - - | 280 PF-N4/US-709S| | A5.14 ERNiMo-8 | Z3333 FSONi-H/YSONi| 44 - | 310
DW-H16 - 73326 YFME-C-300 - - | 280 . — :
Highly Efficient Welding Processes
DW-H30 - 73326 YFCIA-C-700 | - - | 280
FCB™ PF-150/US-43/ ) ) ) ) 314
DW-H30MV - 23326 YFCrA-C-800 - - 280 PF-I50R (MF-1R)
SAW | [G-50/US-H250N - - - - | 282 PF-I55E/US-36/ ] ] ) I
G-50/US-H350N - - Sl -] 282 PE-I50R (MF-1R)
PF-H55E/US-367
G-50/US-H400N - - - -] 282 RF™ | [oe - - - - | 316
G-50/US-H450N - - - - | 282 - -
e | - R
(G-50/US-H500N - - - - | 284 -2IFA-
MF-38/US-49/
MF-30/US-H550N - - - - | 284 RR-2/FAB1 - - - - | 318
ME-30/US-H600N - - - - 284 PE-I152E/US-36/ 318
For Cast Iron RR-2/FA-H1
VAW | BTIAT A5.15 ENILCi 73952 DECNi ) S 200 EGW | [PW-S43G A5.26 EG70T-2 73319 YFEG-22C 6 - | 320
Cl-A2 A515ENIFe-Ci | 73252 DFCNiFe - | - | 200 PW-SILG ; ; ; - 30
CI-A3 A5.15 Est 73252 DFCFe - | - 200 DW-S60G - £3319 YFEG-32C - - | 820
CI-A5 : : - | - | 200 H-saw | [MF3srius3s | | A>T ETASERIS 1 73163 s500-1 6 - | 822
For Nickel-Based Allo -EG-
i . MF-33H/US-49 | |AS-23 FBACEG-A4 173103 5624-H1 6 2 | 322
SMAW | [ME-L34 - 73224 DNiCu-1-15 - - 300 F8P6-EG-A4
NI-C70A A5.11ENiCrFe-1 | Z3224 DNiCrFe-1J-16 | 43 - | 300 ME-33H/US-49A]| | AS-17 Zﬁ%—lélalli . 6 . 399
NI-C703D A5.11 ENiCrFe-3 | Z3224DNiCrFe-3-15 | 43 | - | 300 -
, , EAW | [[B-116 A5.5 E11016-G 73212 D8016 4 12 | 324
NI-C70S A5.11 ENiCrFe-9 | Z3225 DONi-1 43 | - | 298
_ , LB-80EM - 73212 D8000 - - | 324
NI-C1S A5.11 ENiMo-8 73225 D9Ni-2 44 | - | 208
NI-C625 - - - - | 300




For Mild Steel and 490MPa High Tensile Strength Steel

Welding Consumables and
Proper Welding Conditions for

[ shielded Metal Arc Welding (SMAW)
[l Flux Cored Arc Welding (FCAW)
| Gas Metal Arc Welding (GMAW)
l Gas Tungsten Arc Welding (GTAW)

| submerged Arc Welding (SAW)




Shielded Metal Arc Welding

lA guide for selecting the type of welding consumable @

High Low lImenite High Lime Iron- Iron-
Type of covering titania hydrogen @ cellulose titania powder powder
and @ iron- titania
AWS classification oxide
E6013 E7016 E6019 E6010 E6013 E6027 E7024
Weldability
=Crack resistant A © O O O A A
=X-ray soundness A © O A O A A
sImpact value A © O O O A A
Usability
Suitabili F © @) © A © } ]
=Suitability
for particular F, HF © © © o © © ©
; VU A © © @) © - -
welding @
positions VD O - - © A - -
COH A © © O © - -
*Bead F © A O AN © - -
appear- F, HF © A O A © © ©
ance V, OH © © O O © - -
Penetration A O © © O A A
=Spatter © O O A O O O
=Slag removal © A O O O © ©
=Travel speed O A O A © © ©
=Suitability for o A o A o o o

thin metal

Note (1) ©: Excellent, O: Good, A: Fair

F: Flat butt welding, F, HF: Flat and horizontal fillet welding, VU: Vertical-up welding,
VD: Vertical-down welding, OH: Overhead welding, V, OH: Vertical and overhead welding

(2) The ilmenite type corresponds to the iron-oxide titania potassium type per the AWS standard.

(3) The lime titania type is not specified by the AWS standard, but exact products fall in the range
of AWS E6013.

(4) Some low-hydrogen electrodes classified as E7048 are suitable exclusively for vertical-down
welding.
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For Mild Steel and 490MPa High Tensile Strength Steel

I Tips for better welding results

(1) Slag and fumes on tack weld beads absorb moisture; therefore, they must be removed right after tack
welding to prevent adverse effects on the subsequent main welding.

(2) When wind velocity is more than 3m/sec in field welding, use a wind screen, or nitrogen in the wind
decreases impact value and X-ray soundness of the weld.

(3) In welding medium and heavy thick mild steels by using non-low-hydrogen electrodes, keep the work
at appropriate preheat and interpass temperature to remove diffusible hydrogen and thereby prevent
cracking in the weld.

(4) In order to get better impact values, it is effective to lay each weld layer as thin as possible.

(5) Many covered electrodes can be used with both AC and DC power sources. Low-hydrogen type
electrodes, however, should be tested on mechanical properties beforehand, because DC current
causes a little lower strength of the weld metal.

(6) Low-hydrogen type electrodes are more suitable for surface finishing and repair welding of gas
shielded metal arc and self-shielded metal arc welded deposits in order to prevent pits and
blowholes.

I How to keep covered electrodes in good condition
(1) Store covered electrodes in a warehouse where the humidity is low.

(2) Low-hydrogen type electrodes should be stored in an oven (100-150°C) placed near the welding area
after re-drying was finished so that welders can take out the electrodes little by little. This manner is
good for preventing the electrodes from moisture pick up and thereby decrease the diffusible
hydrogen content of the weld metal.

(3) A change of the color of the flux coating to become darker, much more spatter, stronger arc, and
irregular slag-covering are signs that the electrodes picked up moisture excessively. In such a case,
re-drying is effective even for non-low-hydrogen electrodes to improve usability and X-ray
soundness. But excessive drying for long hours at high temperatures deteriorates X-ray soundness
of the weld metal.

(4) Welders should bring an appropriate amount of electrodes for half-a-day use at sites in order to
prevent electrodes from excessive moisture pick up.
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Shielded Metal Arc Welding

For Mild Steel and 490MPa High Tensile Strength Steel

(€3}

IA guide for selecting filler metals for API grade pipes and comparison of welding procedures I Tips for better welding results

With 1) Sizes and tolerances of welding grooves
high cellulose With low hvdrogen electrodes In one-side butt welding of pipes, it is important to make sound root pass welds without incomplete
glectrodes ydrog joint penetration and other discontinuities. For this, it is essential to prepare welding grooves suitable
for individual welding procedures. Refer to the recommended sizes and tolerances of the grooves
A;ngL Wwelding Downhill welding process shown in the table below.
grade pass Downhill Uphill With With Welding Welding  Recommen- Groove Rootface  Root gap Mis-
welding welding only a combination of consum- process dation and angle alignment
process process low high cellulose able tolerance (deg.) (mm) (mm) (mm)
hydrogen and low hydrogen . Recommen- 12-24 =
electrodes electrodes ce|I—I|LI1£I](?se Downhill datiion 60-70 (1.2-2.0) 1.2-2.0 =08
A25 Root LB-52U KOBE-6010 electrodes welding Tolerance 50-75 0.8-2.4 0.8-2.4 <16
A B Hot OBE-6010 LB.47 KOBE-7010S —
) K - ] Recommen- 60-80 2.0-3.2 =16
X42 - LB-78VS -
Y45 _ KOBE-7010S | LB-52 Uphil datiion (70-80) 0.4-2.0 (2.0-2.6) (=0.8)
Filler and cap LB-M52 LB-78VS welding
X52 LB-52-18 Low Tolerance 55-90 0.4-2.4 1.6:3.6 =20
hydrogen
Root KOBE-6010 LB-52U KOBE-6010 electrodes Recommen- 2634 _
56 Hot KOBE-7010S || o o) LB78vs KOBE-7010S Downhill  datiion 60-80 1.2-2.0 (2.6-3.2) =0.6
R i welding
Filler and cap KOBE-7010S tggﬂfis LB-78VS Tolerance 55-90 1.0-2.0 25-35 <10
Note: Recommended ranges in parentheses are suitable for small diameter tubes with an approximate
Root KOBE-6010 LB-52U KOBE-6010 thickness of 7mm or less.
X60 Hot KOBE-7010S LB-52 LB-78VS KOBE-7010S
Filler and cal KOBE-7010S LB-M52 LB-88VS LB-78VS
P KOBE-8010S LB-52-18 LB-88VS 2) How to proceed root pass welding
Root KOBE-7010S LB-52U KOBE-7010S (1) Downhill welding should be started at the 11 to 1 o’clock position of a pipe, whereas uphill welding
Hot KOBE-8010S LB-57 KOBE-8010S should be started at the 5 to 7 o’clock position in common procedures. However, welding should be
X85 LB-62 LB-88VS started at where there is a narrower root openin
Filler and cap KOBE-8010S | g oo LB-88VS penng.
Root KOBE-7010S LB-62U KOBE-7010S (2) It is recommended to strike an arc on the groove face and transfer the arc to the root of the groove,
X70 Hot KOBE-8010S LB-62 LB-88VS KOBE-8010S maintaining the arc in stable condition.
Filler and cap KOBE-8010S LB-62D LB-88VS
- _ (3) Joint penetration can be adjusted by controlling the shape of a keyhole molten crater by adjusting
Root LB-62U KOBE-7010S _ g € C € t
X80 Hot R LB-98VS KOBE-8010S welding current, electrode holding anglg, the extent of stlck_lng an electrode into the root opening,
Filler and cap LB-65D LB-98VS and weaving width. Control the penetration more strictly particularly at the 12 o’clock position where
Weldability reverse side bead extrusion tends to be excessive and the 6 o’clock position that tends to cause a
-Stability of root pass o o A o concave reverse side beads.
*Weld soundness O © O O (4) Before joining beads particularly with low hydrogen electrodes, the end of the preceding bead
*Crack resistance A © © @) should be tapered by grinding.
Welding efficiency © A O ©
Groove size tolerance O © A O (5) After the completion of root pass welding, remove slag and unacceptable portion of beads, and

Note (1) ©: Excellent, O: Fair, A: Inferior shape the beads along the entire circumference of the pipe by grinding. Particularly, where the weld
surfaces contain deep undercut, the shaping should be conducted more carefully.
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Flux Cored Arc Welding

For Mild Steel and 490MPa High Tensile Strength Steel

Il Types and features of flux-cored wires

There are two types of flux cored wires: DW series rutile type and MX series metal type. Both DW and
MX series include a variety of wires that use either CO, or Ar-CO, admixture shielding gas. The following
paragraphs describe essential characteristics of both types of flux-cored wires to provide users with a
useful guide.

DW series:

DW series is the most popular type of flux-cored wire, most of which contains rutile flux. This series
offers excellent weldability with good arc stability and very low spatter generation. With CO, or Ar-CO,
admixture shielding gas, DW wires show good slag removability and smooth, glossy bead appearance.
Because of high deposition rates, highly efficient welding can be conducted. DW series includes those
suitable for out-of-position welding and those suitable for horizontal fillet welding for a variety of
applications.

MX series:

MX series is metal type flux-cored wire. Due to high deposition rates, highly efficient welding can be
conducted. MX wires offer excellent weldability with good arc stability and low spatter generation. With
some wires, the amount of slag is as little as in gas metal arc welding with solid wires; therefore,
multi-pass welding can continuously be conducted without removing the slag on each pass. A variety of
MX wires are available to cover wide applications of thin plate, medium and thick plate, and
primer-coated plates.

Deposition rate:

Compared at the same welding current, the deposition rates of flux-cored wires are higher by 50 - 60%
relative to stick electrodes and 10 - 20% higher than solid wires. Spatter generation in use of flux-cored
wires is much lower than in use of solid wires.

I Tips for better welding results

In addition to the tips for gas metal arc welding with solid wires, the following tips especially for flux-cored
wires are essential to use the excellent features of the wires.

(1) Because the wire is softer than solid wire, do not excessively tighten the pressure roller of the wire
feeder so as not to cause the deformation of the wire.

(2) In flat butt welding, backhand technique is better for stable penetration. In horizontal and overhead
fillet welding, forehand technique is better for flat bead appearance.

(3) In vertical down fillet welding, the first layer run should be straight and keep the welding speed faster
to avoid slag inclusions and to get better penetration. For the 2nd and subsequent layers, remove
the slag of preceding beads and avoid weaving.

(4) In one-side welding, welding parameter should carefully be selected to prevent welding defects such
as hot cracking.

(5) In horizontal fillet welding of primer-coated plates, porosity defects such as pit and gas hole are apt to
occur; therefore, the selection of proper wires and welding parameters suitable for welding
primer-coated plates are essential. Figure 1 shows the relationship between welding speed and the
number of pits occurred in the weld metal. Figure 2 shows proper welding speeds related to fillet leg
lengths.
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Number of pits (pcs/500mm L)

Leg length of horizontal fillet (mm)

15—

10 |~

*Type of primer:

inorganic zinc primer
+Coating thickness: 25 it m
+Leg length: 5.0 mm

(60 cm/min) A
/
/

/
/

X
) VA o
Flux-cored wire ;L e—S0lid wire

(Rutile type) \/ K
/s

20

40 60 80 100 120
Welding speed (cm/min)

Fig. 1 Porosity resistance to primer

MX-200
1.2 mm®

/280A

220A

[ | | | I | |
730 40 50 60 70 80 90
Welding speed (cm/min)

Fig. 2 Horizontal fillet leg length vs. welding speed
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Gas Metal Arc Welding, Gas Tungsten Arc Welding

lTips for better welding results in Gas Metal Arc Welding

(1) Use a CO;, shielding gas corresponding to ANSI/AWS A5.32/A5.32M SG-C or an equivalent CO, gas
purified for welding.

(2) Control the mixing ratio of Ar and CO,in an Ar-CO, admixture shielding gas because fluctuation of
the mixing ratio affects the usability of a solid wire.

(3) Adjust the shielding gas flow rate in the 20 to 25 I/min range.

(4) Use a wind screen in welding in a windy area because a strong wind causes blowholes.

(5) Use a proper ventilation system at where general ventilation is inadequate.

(6) Keep the tip-to-work distance at around 15 mm with welding currents less than 250A and at around
20 to 25 mm with welding currents over 250A.

(7) The use of an excessively low arc voltage may generate a large sound in spray arc welding with an
Ar-CO; shielding gas. In such a case increase the arc voltage to prevent blowholes.

(8) Torch angle, welding speed, wire diameter, and welding current markedly affect bead appearance
and penetration; therefore, adjust such welding parameters according to the application.

ITips for better welding results in Gas Tungsten Arc Welding

(1) Welding power source:
Use the DC-EN connection with the constant current or drooping characteristic DC power source in
general applications.

(2) Shielding gas:
Use an argon gas with a high purity equivalent to that of JIS K1105, in order to prevent pits and
blowholes in the weld metal and decrease consumption of the tip of a tungsten electrode. When the
length of the Ar gas piping is long, use metal pipes or Teflon tubes to prevent porosity in the weld
metal, because moisture can permeates into the Ar gas through the wall of a rubber hose and
thereby causes porosity. Adjust the shielding gas flow rate in the 12-18 I/min range.

(3) Tungsten electrode:
A 1-2% thoriated tungsten electrode is suitable. The tip of the tungsten electrode must be kept sharp
in order to maintain the arc stable.

(4) Tungsten electrode extension length and arc length:
In order to keep the shielding of molten weld pool in good condition, the extension of a tungsten
electrode from shielding nozzle should be approx. 5 mm. Maintain the arc length at 1-3 mm. The use
of an excessively long arc length can deteriorate the shielding effect and causes undercut.

(5) Cleaning of welding groove:
Because the quality of gas tungsten arc welds is markedly affected by dirt on groove surfaces, scale,
rust, water and oil must be removed before welding because they can cause pits, blowholes and
unstable arcs.

(6) Wind protection and ventilation:
Use a wind screen in a windy site to maintain the shielding gas in good condition. Use an appropriate
ventilation system where welding is carried out in a confined area to prevent welders from oxygen
deficiency.
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Submerged Arc Welding

For Mild Steel and 490MPa High Tensile Strength Steel

I Tips for better welding results in Submerged Arc Welding

(1) Accuracy of groove sizes:
The accuracy of root gap and groove angle affects the quality of welds much more than with other
welding processes; where the accuracy is poor, burn-through, lack of penetration, excessive or
insufficient reinforcement can occur.

(2) Surface of groove:
Rust and oil in the groove must be removed before welding to prevent pits and blowholes.

(3) Distribution and circulation of flux:
Where a flux is supplied excessively on the base plate, the bead appearance becomes irregular
particularly in use of melted fluxes. In case where a flux is used repetitively by means of a circulation
system, the flux can be contaminated with scale and dust and its grain size distribution can be
varied; therefore, add new flux occasionally to maintain good performances of the flux.

(4) Grain size of flux:
Several gain sizes are available for a certain melted flux. The most proper size depends on welding
currents to be used. The use of high currents with a coarse grain size flux can deteriorates bead
appearance; in contrast, the use of low currents with a fine grain size flux can cause pock marks
because of poor degassing.

(5) Welding condition and penetration:
Submerged arc welding can use a wide range of parameters such as wire diameter, welding current,
arc voltage and welding speed; however, erroneous setting of the parameter causes burn-through,
and insufficient or excessive penetration and reinforcement. The bead shape can be affected by the
travel angle of a wire; that is, where the wire is leaned to the direction of welding (backhand welding),
the bead shape becomes narrower with comparatively deep penetration. In contrast, where the wire
is leaned to the opposite direction of welding (forehand welding), the bead shape becomes wider
with shallower penetration.

IA guide for selecting welding consumables for pipe welding

1. Welding consumables for straight pipe seam welding

API pipe grade Flux/Wire Application
X42, X46 MF-38/US-36 or US-49 General applications
X52, X56 o
X60 MF-100N/US-36 or US-40 Low temperature applications

2. Welding consumables for spiral pipe welding

API pipe grade Flux/Wire Application
X42, X46 G-50/US-36 or US-40 General applications
X52, X56 i i i : :
X60. X65 G-60/US-36 or US-40 High speed welding
X70 MF-100N/US-36 or US-40 Low temperature applications
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Shielded Metal Arc Welding
B-14

IImenite type covered electrode for mild steel

FAMILIARC

Classification: ASME / AWS A5.1 E6019
EN ISO 2560-A-E 35 2 RA

Welding Positions:

JIS 73211 D4301 A e oH
Features : =Suitable for butt and fillet welding of thin and H ‘
middle-thick plates (up to 20mm) I
_ -Exgel_lent usability :1{.’ ‘ oW 1}0
Redrying conditions: 70~100°Cx0.5~1h 2 0
I Chemical composition of all-weld metal (%) as per AWS
C Si Mn P S
Example 0.10 0.10 0.43 0.015 0.007
Guaranty 0.05~0.13 0.05~0.25 0.25~0.65 =0.030 =0.025
l Mechanical properties of all-weld metal as per AWS
YP TS El \Y
(MPa) (MPa) (%) )
Example 410 460 32 -18°C: 82
Guaranty =330 =410 =22 -18°C=27
I Recommended welding parameters
- Dia. 2.6mm 3.2mm 4.0mm 5.0mm 6.0mm
F, HF, H 55~90A 85~140A 130~190A 180~260A 240~310A
VU, OH 45~75A 60~120A 100~160A 135~210A -
J Polarity
— Example AC
Guaranty AC, DC-EP, DC-EN
B Approvals
- AB LR NV BV NK Others
3 3m 3 3 KMW3 CR, GL
_l Packages
Dia. Length Weight per Weight per Weight per
(mm) (mm) pack(kg) carton(kg) piece(q)
2.6 350 5 20 20
3.2 400 5 20 35
4.0 450 5 20 62
5.0 450 5 20 94
6.0 450 5 20 141
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Shielded Metal Arc Welding
RB-26

High titania type covered electrode for mild steel

Classification : ASME / AWS A 5.1 E6013
EN ISO 2560-A-E350R

Welding Positions:

JIS 73211 D4313 A 0 o )
Features : =Suitable for butt and fillet welding of thin plates H w &
=Excellent usability in all positions
including vertical downward w f
Redrying Conditions: 70~100°Cx0.5~1h STHE e Oam il
l Chemical composition of all-weld metal (%) as per AWS
c Si Mn P S
Example 0.08 0.30 0.37 0.012 0.010
Guaranty 0.05~0.12 0.15~0.45 0.25~0.65 =0.030 =0.025
l Mechanical properties of all-weld metal as per AWS
YP TS El
(MPa) (MPa) (%)
Example 450 510 25
Guaranty =330 =410 =217
l Recommended welding parameters
Dia. 2.0mm 2.6mm 3.2mm 4.0mm 5.0mm
F, HF, H, VD 30~65A 45~95A 60~125A 105~170A 150~220A
VU, OH 30~65A 45~95A 60~125A 100~150A 125~190A
J Polarity
- Example AC
Guaranty AC, DC-EP, DC-EN
I Approvals
~ AB LR NK
2 2m KMW2
] Packages
Dia. Length Weight per Weight per Weight per
(mm) (mm) pack (kg) carton (kg) piece (g)
2.0 300 2 20 10
2.6 350 5 20 19
3.2 350 5 20 29
4.0 400 5 20 53
5.0 400 5 20 81
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Shielded Metal Arc Welding

LB-52

FAMILIARC

Low hydrogen type covered electrode for mild steel and 490MPa high tensile strength steel

Shielded Metal Arc Welding

LB-52U

Low hydrogen type covered electrode for mild steel and 490MPa high tensile strength steel

Classification: ASME / AWS A5.1 E7016
EN ISO 2560-A-E 423 B

Welding Positions

Classification: ASME / AWS A5.1 E7016
EN ISO 2560-A-E 422 B

Welding Positions

JIS 73212 D5016 A o JIS 73211 D4316 A 5 o
Features: =Suitable for butt and fillet welding of heavy IH ‘ Features : =Suitable for one side welding of pipes I H
structures P =Extremely good arc stability in one side welding )
=Excellent mechanical properties ‘ . vu ﬁ}o with relatively low current vu ﬁg
Redrying Conditions: 300~350°Cx0.5~1 h S me Redrying Conditions: 300~350°Cx0.5~1 h = 0a
_I Chemical composition of all-weld metal (%) as per AWS [l Chemical composition of all-weld metal (%) as per AWS
c Si Mn P S - C Si Mn P s
Example 0.08 0.60 0.94 0.011 0.006 Example 0.08 0.64 0.86 0.012 0.008
Guaranty 0.05~0.10 =0.75 =1.60 =0.020 =0.020 Guaranty 0.05~0.10 <0.75 <1.60 <0.020 <0.020
W Vechanical properties of all-weld metal as per AWS [l Mechanical properties of all-weld metal as per AWS
0.2%0S TS 0EI \Y, 2WHT 0.2%0S TS El v
(MPa) (MPa) (%) ) (°Cxh) (MPa) (MPa) (%) )
Examp|e 500 570 32 -29°C:120 AW o
420 520 33 -29°C:150 620x1 Example >48° >56° :’1 29 C'>80
Guaranty >400 >480 >0 29°C =27 AW Guaranty -=400 =480 =22 -29°C=27
>350 >460 >25 29°C =27 620+15x1 l Recommended welding parameters
I Recommended welding parameters Dia. 2.6mm 3.2mm 4.0mm 5.0mm
Dia. > 6mm 3.2mm 2.0mm 5 0omm 6.0mm F,HF, H 60~90A 90~130A 130~180A 180~240A
F, HF, H 55~85A 90~130A 130~180A  180~240A 210~310A VU, OH 50~80A 80-120A  110-170A 150~200A
VU, OH 50~80A 80~120A 110~170A 150~200A ) Root pass 30~80A 60~110A 90~140A 130~180A
- Root pass: DC-EN is also suitable.
il Polarity
l Polarity
Example AC _—
Guaranty AC, DC-EP Example AC
Guaranty AC, DC-EP
B Approvals
— l Approvals
AB LR NV BV NK —_
3H10,3Y,3Y400 3m,3Ym(H15) 3YH10 3.3Y KMW53H10 AB LR NV BV NK Others
3H10,3Y 3m,3Ym(H15) 3YH10 3,3YHH KMW53H10 CCS
| Packages
- - - - Packages
Dia. Length Weight per Weight per Weight per l g
(mm) (mm) pack (kg) carton (kg) piece (g) Dia. Length Weight per Weight per Weight per
26 350 5 20 20 (mm) (mm) pack (kg) carton (kg) piece (g)
3.2 350 5 20 31 2.6 350 5 20 20
4.0 400 5 20 54 3.2 400 5 20 35
5.0 450 5 20 97 4.0 400 5 20 53
6.0 450 5 20 137 5.0 400 5 20 82
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Shielded Metal Arc Welding Shielded Metal Arc Welding

LB-52-18

Iron powder low hydrogen type covered electrode for mild steel and
490MPa high tensile strength steel

Classification: ASME / AWS A5.1 E7018 Welding Positions:
EN ISO 2560-A-E 423 B . W Packages
JIS 23212 D5016 , B ‘ oH Dia. Length Weight per Weight per Weight per
Features : =Suitable for butt and fillet welding of heavy structure ‘ (mm) (mm) pack(kg) carton(kg) piece(g)
=Good performance by DC-EP current m o w4
Redrying Conditions: 300~350°Cx0.5~1 h g W F U{ 2.6 350 5 20 24
| 2 o4
3.2 400 5 20 41
i iti - 0,
!Chemlcal composition of all-weld metal (A))Ias per AWS 4.0 450 5 20 69
€ Si Mn P S 5.0 450 5 20 106
Example 0.07 0.59 0.97 0.013 0.007
Guaranty 0.05~0.10 =0.75 =1.60 =0.020 =0.020
l Mechanical properties of all-weld metal as per AWS
0.2%0S TS El \Y PWHT
(MPa) (MPa) (%) ) (°cxh)
Example 500 560 31 -29°C:110 AW
420 520 32 -29°C:140 620x1
Guaranty =400 =480 =222 -29°c=27 AW
>350 2460 225 2gczr 0T
l Recommended welding parameters
Dia. 2.6mm 3.2mm 4.0mm 5.0mm
F, HF, H 65~95A 90~130A 130~190A 190~250A
VU, OH 60~90A 80~120A 110~170A 165~210A
[ Polarity

Example AC
Guaranty AC, DC-EP

| Approvals
AB LR NV NK
3H10,3Y 3m,3Ym(H15) 3YH10 KMW53HH
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Shielded Metal Arc Welding

LB-52RC

Low hydrogen type covered electrode for HIC resistant steel

FAMILIARC

Classification: ASME / AWS A5.1 E7016
JIS Z3211 E4916

Welding Positions

Features: =Suitable for butt a_nd fillet Wel(_jing of heavy structures < ‘0 OH‘
=Excellent mechanical properties H
Redrying Conditions: 300~350°Cx0.5~1 h .
D/iiﬁ; I F‘ ' {?U
I Chemical composition of all-weld metal (%) as per AWS
- C Si Mn P S
Example 0.08 0.51 1.11 0.008 0.002
Guaranty =0.12 =0.60 0.50~1.60 =0.014 =0.006
I Mechanical properties of all-weld metal as per AWS
_ 0.2%0S TS El v PWHT
(MPa) (MPa) (%) (@) (°cxh)
Example 470 550 31 -30°C:160 AW
400 510 34 -30°C:180 6208
Guaranty =400 =490 =23 -30°C=34 AW
=285 460~580 =20 -30°C=34 620x8
l Recommended welding parameters
Dia. 3.2mm 4.0mm 5.0mm
F, HF, H 90~130A 130~180A 180~240A
VU, OH 80~120A 110~170A 150~200A -
i Polarity
Example DCEP
Guaranty DC-EP, AC
] Packages
- Dia. Length Weight per Weight per Weight per
(mm) (mm) pack (kg) carton (kg) piece (g)
3.2 350 5 20 31
4.0 400 5 20 54
5.0 450 5 20 97

KOBE-7024

Iron-powder titania type covered electrode for mild steel and
490MPa high tensile strength steel

E ARC’

Classification: ASME / AWS A5.1 E7024

Features: =Suitable for flat and horizontal fillet welding
*Good welding usability in manual and gravity welding
Redrying Conditions: 70~100°Cx0.5~1h

Welding Positions:

\Q/
l Chemical composition of all-weld metal (%) as per AWS
C Si Mn P S
Example 0.09 0.35 0.63 0.017 0.008
Guaranty =0.15 =0.90 =125 =0.030 =0.030
l Mechanical properties of all-weld metal as per AWS
0.2%0S TS El \%
(MPa) (MPa) (%) )
Example 470 540 27 0°C: 55
Guaranty 2400 =490 217 -
l Recommended welding parameters
Dia. 4.0mm 5.0mm
F, HF 170~210A 220~260A
J Polarity
Example DCEP
Guaranty DC-EP, AC, DC-EN
[l Packages
Dia. Length Weight per Weight per Weight per
(mm) (mm) pack(kg) carton(kg) piece(g)
4.0 450 5 20 101
5.0 450 5 20 147
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Shielded Metal Arc Welding

KOBE-6010

FAMILIARC

High cellulose type covered electrode for pipe welding (up to API-X52)

Classification: ASME / AWS A5.1 E6010
EN ISO 2560-A-E350C

Welding Positions:

Shielded Metal Arc Welding

KOBE-7010S

FAMILIARC

High cellulose type covered electrode for pipe welding (API-X52 to X60)

Classification: ASME / AWS A5.5 E7010-P1
EN ISO 2560-A-E 420 C

Welding Positions:

[
Features: =Suitable for butt welding of pipes S — ‘0 OH &
=Excellent usability in vertical downward welding 'H vo W
‘ vu {p
E &
[0
lChemicaI composition of all-weld metal (%) as per AWS
C Si Mn P S
Example 0.12 0.15 0.51 0.009 0.008
Guaranty 0.05~0.20 =0.40 0.30~0.80 =0.030 =0.025

l Mechanical properties of all-weld metal as per AWS

0.2%0S TS El v
(MPa) (MPa) (%) )
Example 430 510 27 -29°C: 63
Guaranty =330 2410 222 -29°c=27
l Recommended welding parameters
Dia. 2.4mm 3.2mm 4.0mm 4.8mm
F,H 40~75A 70~130A 90~180A 140~225A
VD 40~75A 70~130A 90~180A 140~225A
VU, OH 40~75A 70~130A 90~180A 140~225A
B Polarity
Example DC-EP
Guaranty DC-EP
[ Packages
Dia. Length Weight per Weight per Weight per
(mm) (mm) pack(kg) carton(kg) piece(g)
24 300 2 20 13
3.2 350 5 20 27
4.0 350 5 20 40
4.8 350 5 20 58

40

Features : =Suitable for butt welding of pipes <> e OH )7
=Excellent usability in vertical downward welding IH wo ¥
[ | ] VU {?D
0
_l Chemical composition of all-weld metal (%) as per AWS
C Si Mn P S
Example 0.14 0.10 1.01 0.012 0.007
Guaranty =0.20 =0.60 =1.20 =0.03 =0.03
l Mechanical properties of all-weld metal as per AWS
0.2%0S TS El \Y
(MPa) (MPa) (%) (@)
Example 470 570 30 -29°C: 61
Guaranty =410 =480 =22 -29°C=27
l Recommended welding parameters
Dia. 2.4mm 3.2mm 4.0mm 4.8mm
F,H 40~70A 60~120A 90~170A 130~210A
VD 40~70A 70~120A 100~170A 150~210A
VU, OH 40~70A 60~120A 80~160A 120~200A
l Polarity
Example DC-EP
Guaranty DC-EP
[ Packages
Dia. Length Weight per Weight per Weight per
(mm) (mm) pack(kg) carton(kg) piece(g)
24 300 2 20 13
3.2 350 5 20 26
4.0 350 5 20 40
4.8 350 5 20 58




Shielded Metal Arc Welding

Covered Electrodes for Mild Steel and 490MPa High Tensile Strength Steel

d ASME Type of Chemical composition of all-weld metal (%) Mechanical properties of all-weld metal
‘I_'ra € AWS cov- Pol. Features WP YP TS El v
designation | - c Si Mn P s
class. ering (MPa) (MPa) (%) )
L AC «Suitable for flat and . Ex 0.07 0.39 0.94 0.017 0.009 Ex 480 530 29 0°C: 74
LT-B50 - ti;g‘nei .  DC-EP  nhorizontalfilletwelding
DC-EN *RC: 70~100°Cx0.5~1h ~ -
Gt =010 0.10 080~ <0030 <0025 Gt 2390 =490 220  0°C247
0.70 1.25
=Suitable for flat and
Low horizontal fillet welding Ex 0.07 0.35 1.03 0.014 0.008 Ex 480 550 30 -29°C: 75
A5.1 AC =Iron powder low F
LT-B52A E7018 hgﬁro' DC-EP  hydrogen type HF
9 =RC: 300~350°C Gt =0.11 =0.75 =1.60 =0.025 =0.025 Gt =400 =480 =222 -29°c=27
x0.5~1h
Note: Welding tests are as per AWS. Ex: Example (polarity: AC), Gt: Guaranty (polarity: as specified above)
I Approvals ] Diameter and length (mm)
LT-B50 AB, LR, NV, BV, NK, CR, GL Dia. 4.0 45 5.0 55 6.0 6.4 7.0 8.0
LT-B52A AB, LR, NV, BV, NK 450 450 450 450 450 450 450 450
- 550 550 550 550 550 550 550
LT-B50
700 700 700 700 700 700 700
- - 900 900 900 900 900
450 - 550 - 550 550 550 450
LT-B52A - - 700 - 700 700 700 550
- - - - - - - 700
- - - - - - - 900
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Highly Efficient Welding Processes

Enclosed Arc Welding

Principles:
With the enclosed arc welding process, welding is continuously progressed in a square groove
enclosed by joining components and cooling jigs, using low hydrogen type covered electrodes

without removing the slag in the groove during welding. J Example of mechanical properties of all-weld metal (AC)
Trade TS El
Covered electrode designation (MPa) (%)
LB-116 830 24
Water cooling hose LB-80EM 820 24
® | Packages of LB-116
y ‘ Dia. Length Weight per Weight per Weight per
(mm) (mm) pack (kg) carton (kg) piece (g)
i )
Sid BE“(:'" copper baciing ~ | 2.6 300 2 20 17
ide copper backin
oL (Water-cooled) @ 32 350 5 20 30
Welding sequence 4.0 400 5 20 54
5.0 400 5 20 86
Features: ] Packages of LB-80EM
(1) Simple, square groove can be used.
(2) Highly efficient because it is no need to break the arc to remove slag during welding, a large Dia. Length Weight per  Weight per  Weight per
diameter electrode can be used, and narrow groove can be used. (mm) (mm) pack (kg) carton (kg) piece (g)
Applications: 4.0 450 5 20 58
Rails for rail roads and crane rails 5.0 450 5 20 90
6.0 450 5 20 131
] Welding consumables
Place to be applied Welding 'I_'rade. Polarity Remarks
sequence designation
. ) : Preheating temp:
Bottom part of a rail 0@ LB-116 AC,DC-EP  ,10-500%
. Postweld heating temp:
Top part of a rail ® LB-80EM  AC,DC-EP  g50~710°Cx 20 min
Note: Redrying conditions: 350~400°Cx1h
l Example of chemical composition of all-weld metal (%) (AC)
Trade c si Mn P s Ni cr Mo
designation
LB-116 0.08 0.63 1.50 0.010 0.006 1.83 0.28 0.43
LB-80EM 0.08 0.69 1.93 0.010 0.006 - 0.52 0.38
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I Fluxes for submerged arc welding

Redrying

Redrying Conditions for Welding Consumabhles

Applicable type Type of 'I?rade. temperature Redrying time
of metal flux designation (C) (min.)
Mild steel, G-50,G-60,G-80,MF-33H,
Weather proof |Fused type MF-38,MF-38A,MF44,MF-53, 150-350 60
steel, or MF-63,MF-300
High tensile
strength steel PF-H45,PF-H55E,PF-150, .
(90MPa)  |POM9edYPe |pE I5oE PF-I55E PF-H55AS 200-300 €0
High tensile  |Fusedtype ~ [\iF oo MF-38.MF-384, 150-350 60
strength steel -
(590-780MPa) Bonded type |PF-H80AK,PF-H80AS 250-350 60
Low G-80,MF-27,MF-29A,MF-33H,
temperature Fused type MF-38 150-350 60
steel or
Heat-resistant PF-H203,PF-H55LT, PF-200,
low-alloy steel Bonded type |PF-200S,PF-500,PF-200D, 200-300 60
PF-500D,PF-90B9
) PF-S1,PF-S1M,PF-S1LT,
Stainless steel |Bonded type PF-S4M 200-300 60
Hardfacing Fused type G-50,MF-30 150-350 60
9%Ni steel Bonded type |PF-N3,PF-N4, 200-300 60

Note: (1) Longer periods or more cycles of drying than indicated here may cause permanent damage
of welding consumables. Welding consumables dried or held in the conditions indicated

above should be confirmed that they have no change in color and other damages before use,

and that no abnormal performance is recognized during welding.
(2) Under the atmosphere of 30°C-80% relative humidity.

350

Max. allowable Max. allowable Holding Max. holding time Min. time to reach
redryin? time cycles of redrying temperature ' (h)mg guideline of moisture
(hy ™ (cycle) (°C) content after redrying (h) @
24 5 100-150 72 8
24 5 100-150 72 8
24 5 100-150 72 8
24 5 100-150 72 8
24 5 100-150 72 8
24 5 100-150 72 8
24 5 100-150 72 8
24 5 100-150 72 8
24 5 100-150 72 8
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Figure 1 shows the calculated consumption of welding consumables as a function of plate thickness,
welding process, groove angle, and root opening for butt joints. Figure 2 shows the calculated

consumption of welding consumables as a function of fillet size, welding process, and reinforcement size.

These diagrams were developed using the calculations obtained by the following equation for both
groove and fillet welding joints under the prerequisites given below.

C=[(A+A)xLxG/E]x1/10

where C: Consumption of welding consumables (kg); A¢: Area of Section A; weld metal (mm2) (See Fig.
3); Az Area of Section A, reinforcement (mm?) (See Fig. 3); L: Weld length (m); G: Specific gravity of
weld metal (7.85 g/cma); E: Deposition Efficiency (%) — SMAW covered electrodes: 55%; GMAW
solid/metal-cored wires: 95%; FCAW flux-cored wires: 90%; SAW solid wires: 100%.
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= | cored wires needed
5 | where T=25, R=6
o - ©=60, L=1
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@
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o
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£
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° -
-; [ Y RN R
c ©
.o ]
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£ - Ex.2: 7.4-kg covered
2 electrodes needed
S B where T=28, R=0
O - 0=60, L=1
[0)
R= 111 L 1 L 1 1 |
o IPMAW 756972 16 20 25 26 32 3840
MAW T T T N B | 11 1 1
¢ 69121620 2528 32 38 40 45 50
R= | SMAW T N L | 1 |
6 456 9 12 16 20 25 28 32
GMAW T - i1 1
456912 1620 2528 32 3840 45
Base metal thickness (mm)

Fig. 1 Consumption of covered electrodes in SMAW and solid/metal-cored
wires in GMAW of butt joints
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Ex.1: 5.2-kg covered
- electrodes needed
in flat fillet welding
- with S=8

Consumption of welding consumables per 10-m welding length (kg / 10m)

SMAW s 6Tt 9 70 17 12
FOMW D567 6 6 70 11 12 7

OMAN 567 8 5 0 AT 12 s

SAW 156 7 6§ 9 10 W12 14

Size of fillet (mm)

Fig. 2 Consumption of covered electrodes in SMAW, flux-cored wires in FCAW,
solid/metal-cored wires in GMAW, and solid wires in SAW of fillet joints

v © AMI A

e
\A1/ IT—
S

Ai
—] |- R
Butt weld joint Fillet weld joint
H=(2/46.8)xT+0.86 (A2 is given in ratio in Fig. 3)

Fig. 3 Weld sizes (© indeg., H, R, S, and T in mm)
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The particle size of an individual Kobelco SAW flux is classified with two mesh numbers (e.g., 20 x 200) I FCAW and GMAW spooled wires
showing only the largest and the smallest particle size: 20 mesh designates the largest particle size and
200 mesh designates the smallest particle size contained in the bulk flux having specified uniform Kind of wire Spool No. Outside Outside Outside Inside
particle size distribution. These mesh numbers correspond to the largest and the smallest nominal metric diameter of diameter of width of diameter of
sizes of flux particles as shown in Table 1. barrel flange flange flange
A (mm) B (mm) D (mm) E (mm)
Solid 10 kg SPO1 149 225 102 52
Table 1 Conversions for SAW flux sizes @ © Solid 20 kg SPO3 156 270 103 52
- —_— - FCW 12.5 kg SP02 192 280 103 52
Nominal metric size Mesh size FCW 15 kg SP19 179 280 102 52
2,36 mm 8 FCW 20 kg SPO1 140 280 103 52
1.70 mm 10
1.40 mm 12
1.18 mm LY AN S U N | E— I
850 um 20 A B
500 um K L W . N | S |
425, m 36
300um 48
212um 65 <D=
150 m 100
106 . m 150
7Sum 200 I SAW coiled wires
Note : (1) Nominal metric size is as per JIS Z 8801 (Standard sieve). Kind of wire Inside diameter Outside diameter Width
(2) Where the particle size of a certain flux is designated as A (mm) B (mm) D (mm)
20 x D for example, this flux contains particles smaller than
75 pm. , n , _ 12.5 kg 305 375 64
(3) Any SAW flux is specified to contain particles, by 70% or 25 kg (Except 4.8mm wire) 310 410 82
more in amount, within the designated maximum and 25 kg (4.8mm wire) 310 405 77
minimum size range. Where a certain flux contains particles 75 kg 640 750 115
smaller than 75 u m, this flux is specified to contain 150 kg (Except 6.4mm wire) 640 825 115
particles, by 60% or more in amount, within the maximum 159 kg (6.4mm wire) 640 835 115
and minimum size (75 © m) range.
fm 1
- B
(I
D
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Conversions for Temperature

] Arrow Pack

1. Princioles: °F °c °F °c °F °c °F °c °F °c °F °c
) P . . . . . . -459.4 -273 -10 -23.3 86 30.0 174 78.9 430 2211 1240 671
Arrow Pack is a pail-pack of large amounts of flux-cored wires and solid wires for gas shielded arc -440 262 0 7.8 88 31.1 176 80.0 440 996.7 1260 682
welding, in which the wire is spooled into the drum from its bottom to the top in coil by a unique way. The 430 257 2 -16.7 90 322 178 81.1 450 232.2 1280 693
wire is spooled to be elastically twisted in the pail so that the wire can be pulled out straight without -420 -251 4 -15.6 92 33.3 180 82.2 460 237.8 1300 704
rotation of the pail. The wire makes good tracking on a welding seam. The use of Arrow Pack wires can -410 -246 6 -14.4 94 344 182 83.3 470 2433 1320 716
reduce the downtime for changing wires when compared with conventional spooled wires, which is -ggg -ggg 13 11232 gg ggg 122 gg-g 338 ggg-g ggg ;gg
effective particularly for robotic welding and other automatic welding. 380 229 12 Y 100 378 186 867 500 260.0 1380 749
e -370 -223 14 -10.0 102 38.9 190 87.8 520 2711 1400 760
2. Package specifications: -360 218 | 16 89 | 104 400 | 192 889 | 540 2822 | 1420 771
-350 -212 18 7.8 106 411 194 90.0 560  293.3 1440 782
Solid wire Flux-cored wire -340 -207 20 6.7 108 422 196 91.1 580  304.4 1460 793
Wire | Weight Pack size | Suitable Wire | Weight [ Packsize | Suitable 330 201 ) 22 56 | 10 433 | 198 922 | 600 3156 | 1480 804
. h . . : : -320 -196 24 4.4 12 44.4 200 93.3 620 3267 1500 816
size (kg) dia. x height | Arrow Size dia. x height | Arrow -310 -190 26 33 | 114 456 | 202 944 | 640 3378 | 1520 827
g"sm) (mm) Hat (T';) (kg) (mm) Hat 300 184 | 28 22 | 116 467 | 204 956 | 660 3489 | 1540 838
: . -290 -179 30 -1.1 118 47.8 206 96.7 680  360.0 1560 849
100 510>500 AH-500 1.4 250 510820 AH-500 -280 -173 32 0.0 120 48.9 208 97.8 700 3711 1580 860
0.9 -270 -168 34 1.1 122 50.0 210 98.9 720 382.2 1600 871
1.0 250 510 X 820 AH-500 16 350 660 X 820 AH-660 -260 -162 36 22 124 511 212 100.0 740 393.3 1620 882
14 -250 -157 38 3.3 126 52.2 214 101.1 760 4044 1640 893
-240 -151 40 4.4 128 53.3 216 102.2 780 415.6 1660 904
1.2 300 510%820 AH-500 -230 -146 42 56 | 130 544 | 218 1033 | 800 4267 | 1680 916
1.4 -220 -140 44 6.7 132 55.6 220 104.4 820  437.8 1700 927
16 300 600 > 820 AH-600 210 -134 | 46 78 | 134 567 | 230 1100 | 840 4489 | 1720 938
14 -200 -129 48 8.9 136 57.8 240 115.6 860  460.0 1740 949
16 400 660 % 820 AH-660 -190 -123 50 10.0 138 58.9 250 1211 880  471.1 1760 960
. -180 -118 52 111 140 60.0 260 126.7 900 482.2 1780 971
-170 -112 54 12.2 142 61.1 270 132.2 920 4933 1800 982
3. Arrangement of Arrow Pack -160 -107 56 133 | 144 62.2 280  137.8 | 940 5044 | 1820 993
-150 -101 58 14.4 146 63.3 290 143.3 960 515.6 1840 1004
‘ -140 -96 60 15.6 148 64.4 300 148.9 980 527 1860 1016
For Solid Wires Conduit tube: AMT-C -130 -90 62 16.7 150 65.6 310 154.4 | 1000 538 1880 1027
i Straightener: AMT-K -120 -84 64 17.8 152 66.7 320 160.0 1020 549 1900 1038
Conduit holder: AMT-H 27 ’ -110 -79 66 18.9 154 67.8 330 165.6 1040 560 1920 1049
-100 73 68 20.0 156 68.9 340 1711 | 1060 571 1940 1060
-90 -68 70 21.1 158 70.0 350 176.7 1080 582 1960 1071
-80 -62 72 22.2 160 711 360 182.2 1100 593 1980 1082
AN Pe] -70 -57 74 233 162 722 370 187.8 | 1120 604 2000 1093
Weldng torch -60 -51 76 244 | 164 733 | 380 1933 | 1140 616
Wirs feeder -50 456 | 78 256 | 166 744 | 390 1989 | 1160 627
-40 -40.0 80 26.7 168 75.6 400 204.4 | 1180 638
-30 -34.4 82 27.8 170 76.7 410 210.0 1200 649
F ) Conduit tube: AMT-C -20 -28.9 84 28.9 172 77.8 420 2156 | 1220 660
or Flux-Cored Wires o
Conduit holder: AMT-H
Conduit holder t estrait);htener: 9 5
AMT-KF (12F, 14F, 16F oF = ( < X°C) +32 “c= o (-F-32)

Welding torch
Wire feeder
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Conversions for Tensile Stress Conversions for Impact Energy

ksi - MPa (Extracted from ASTM E380)

1 ksi = 6.89476 MPa

ft -Ibf — J (Extracted from BS350 Part 2)

1 ft -lbf = 1.35582 J

ksi o | 1 2 | 3 4 5 6 7 8 9
MPa
0 - 6.89 13.79 20.68 27.58 34.47 41.37 48.26 55.16 62.05
10 68.95 75.84 82.74 89.63 96.53 | 103.42 | 110.32 | 117.21 | 124.11 | 131.00
20 | 137.90 | 144.80 | 151.68 | 158.58 | 165.47 | 172.37 | 179.26 | 186.16 | 193.05 | 199.95
30 | 206.84 | 213.74 | 220.63 | 227.53 | 234.42 | 24132 | 24821 | 25511 | 262.00 | 268.90
40 | 27579 | 282.69 | 289.58 | 296.47 | 303.37 | 310.26 | 317.16 | 324.05 | 330.95 | 337.84
50 | 344.74 | 351.63 | 358.53 | 365.42 | 372.32 | 37921 | 386.11 | 393.00 | 399.90 | 406.79
60 | 413.69 | 420.58 | 427.47 | 43437 | 44126 | 448.16 | 455.05 | 461.95 | 468.84 | 47574
70 | 48263 | 489.53 | 496.42 | 503.32 | 510.21 | 517.11 | 524.00 | 530.90 | 537.79 | 544.69
80 | 551.58 | 558.48 | 565.37 | 57226 | 579.16 | 586.05 | 592.95 | 599.84 | 606.74 | 613.63
90 | 620.53 | 627.42 | 634.32 | 641.21 | 648.11 | 655.00 | 661.90 | 668.79 | 675.69 | 682.58
100 | 689.48
MPa — ksi (Extracted from BS350 Part 2) 1 MPa = 0.145038 ksi
MPa o | 1 2 | 3 4 | 5 6 7 8 9
ksi
0 - 0.145 0.290 0.435 0.580 0.725 0.870 1.015 1.160 1.305
10 1.450 1.595 1.740 1.886 2.031 2.176 2.321 2.466 2.611 2.756
20 2.901 3.046 3.191 3.336 3.481 3.626 3.771 3.916 4.061 4.206
30 4.351 4.496 4.641 4.786 4.931 5.076 5.221 5.366 5.511 5.656
40 5.802 5.947 6.092 6.237 6.382 6.527 6.672 6.817 6.962 7.107
50 7.252 7.397 7.542 7.687 7.832 7.977 8.122 8.267 8.412 8.557
60 8.702 8.847 8.992 9.137 9.282 9.427 9.572 9.718 9.863 | 10.008
70 | 10.153 | 10.298 | 10.443 | 10.588 | 10.733 | 10.878 | 11.023 | 11.168 | 11.313 | 11.458
80 | 11.603 | 11.748 | 11.893 | 12.038 | 12.183 | 12.328 | 12473 | 12.618 | 12.763 | 12.908
90 | 13.053 | 13.198 | 13.344 | 13.489 | 13.634 | 13.779 | 13.924 | 14.069 | 14.214 | 14.359
100 | 14.504
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ft -Ibf o | 1 2 | 3 4 5 6 7 8 9
J
0 - 1.36 2.71 4.07 5.42 6.78 8.13 9.49 10.85 12.20
10 13.56 14.91 16.27 17.63 18.98 20.34 21.69 23.05 24.40 25.76
20 27.12 28.47 29.83 31.18 32.54 33.90 35.25 36.61 37.96 39.32
30 4067 | 42.03 4339 | 4474 | 46.10 47.45 | 48.81 50.17 51.52 52.88
40 54.23 55.59 56.94 58.30 59.66 61.01 62.37 63.72 65.08 66.44
50 67.79 69.15 70.50 71.86 73.21 74.57 75.93 77.28 78.64 79.99
60 81.35 82.70 84.06 85.42 86.77 88.13 89.48 90.84 92.20 93.55
70 94.91 96.26 97.62 98.97 | 100.33 | 101.69 | 103.04 | 104.40 | 105.75 | 107.11
80 | 108.47 | 109.82 | 111.18 | 112,53 | 113.89 | 11525 | 116.60 | 117.96 | 119.31 | 120.67
90 | 122.02 | 123.38 | 124.74 | 126.09 | 127.45 | 128.80 | 130.16 | 131.51 | 132.87 | 134.23
100 | 135.58
J — ft -Ibf (Extracted from BS350 Part 2) 1J=0.737563 ft -Ibf
J o | 1 2 | 3 4 5 6 7 | 8 | 9
ft - Ibf
0 - 0.738 1.475 2.213 2.950 3.688 | 4.425 5.163 5.901 6.638
10 7.376 8.113 8.851 9.588 | 10.326 | 11.063 | 11.801 | 12.539 | 13.276 | 14.014
20 | 14.751 | 15.489 | 16.226 | 16.964 | 17.702 | 18.439 | 19.177 | 19.914 | 20.652 | 21.389
30 | 22127 | 22.864 | 23.602 | 24.340 | 25077 | 25815 | 26552 | 27.290 | 28.027 | 28.765
40 | 29.503 | 30.240 | 30.978 | 31.715 | 32.453 | 33.190 | 33.928 | 34.665 | 35403 | 36.141
50 | 36.878 | 37.616 | 38.353 | 39.091 | 39.828 | 40.566 | 41.304 | 42.041 | 42.779 | 43.516
60 | 44254 | 44.991 | 45729 | 46.466 | 47.204 | 47.942 | 48679 | 49.417 | 50.154 | 50.892
70 | 51629 | 52.367 | 53.105 | 53.842 | 54.580 | 55.317 | 56.055 | 56.792 | 57.530 | 58.267
80 | 59.005 | 59.743 | 60.480 | 61.218 | 61.955 | 62.693 | 63.430 | 64.168 | 64.906 | 65.643
90 | 66.381 | 67.118 | 67.856 | 68.593 | 69.331 | 70.068 | 70.806 | 71.544 | 72.281 | 73.019
100 | 73.756
359



Brinell hardness . Brinell hardness :
Vickers 10mm ball 3000kg load Rockwell hardness Shore S-I::::;?h Vickers 10mm ball 3000kg load Rockwell hardness Shore S-I:grsl;teh
H?Bd;:)s S Standard Tungsten hardness MPa H?Bd;:)s S Standard Tungl;)s_;en B.scal Coscal hardness MPa
ball ca;laolllcle B-scale C-scale (approx.) ball cal:a;l © ~scale -scale (approx.)
940 - - - 68.0 97 - 410 388 388 - 41.8 - 1334
920 - - - 67.5 9 - 400 379 379 - 40.8 55 1285
900 - - - 67.0 95 - 390 369 369 - 39.8 - 1245
880 - 767 - 66.4 93 - 380 360 360 (110.0) 38.8 52 1206
860 - 757 - 65.9 92 - 370 350 350 - 37.7 - 177
840 - 745 - 65.3 91 - 360 341 341 (109.0) 36.6 50 1128
820 - 733 - 64.7 90 - 350 331 331 - 35.5 - 1098
800 - 722 - 64.0 88 - 340 322 322 (108.0) 34.4 47 1069
780 - 710 - 63.3 87 - 330 313 313 - 33.3 - 1030
760 - 698 - 62.5 86 - 320 303 303 (107.0) 322 45 1010
740 - 684 - 61.8 84 - 310 294 294 - 31.0 - 981
720 - 670 - 61.0 83 - 300 284 284 (105.5) 29.8 42 951
700 - 656 - 60.1 81 - 295 280 280 - 29.2 - 941
690 - 647 - 59.7 - - 290 275 275 (104.5) 28.5 41 922
680 - 638 - 59.2 80 - 285 270 270 - 27.8 - 902
670 - 630 - 58.8 - - 280 265 265 (103.5) 27.1 40 892
660 - 620 - 58.3 79 - 275 261 261 - 26.4 - 873
650 - 611 - 57.8 - - 270 256 256 (102.0) 25.6 38 853
640 - 601 - 57.3 Ll - 265 252 252 - 24.8 - 843
ggg - gg; - 22-2 ~ - 260 247 247 (101.0) 24.0 37 824
- - - - 255 243 243 - 23.1 - 804
610 - 573 - 557 - - 250 238 238 995 222 36 794
600 - 564 - 55.2 7 y 245 233 233 - 213 . 775
590 - 554 - 547 - 2005 240 228 228 98.1 20.3 34 765
580 - 545 - 54.1 72 2020 230 219 219 96.7 (18.0) 33 736
570 - 535 - 536 - 1981 220 209 209 95.0 (15.7) 32 696
560 - 525 - 53.0 71 1952
210 200 200 93.4 (13.4) 30 667
550 505 17 ) 523 y 1912 200 190 190 91.5 (11.0) 29 637
540 496 507 - 51.7 69 1863 190 181 181 g ©.5) % 608
530 488 Ll . 511 . 1824 180 171 171 87.1 (6.0) 26 579
520 480 488 - 50.5 67 1795 : :
210 473 479 i 298 X 1755 170 162 162 85.0 (3.0) 25 549
500 465 471 i 491 o6 1706 160 152 152 81.7 (0.0) 24 520
290 456 460 i 48.4 i 1657 150 143 143 78.7 - 22 490
480 448 452 i 477 64 1618 140 133 133 75.0 - 21 451
270 241 242 : 269 3 1569 130 124 124 712 - 20 431
460 433 433 - 46.1 62 1530 120 114 114 66.7 - - 392
450 425 425 - 453 - 1500 110 105 105 62.3 - - -
440 415 415 - 44.5 59 1461 100 95 95 56.2 - - -
430 405 405 - 436 - 1412 95 90 90 52.0 - - -
420 397 397 - 42.7 57 1373 22 g? g? j?-g - - -

Note: These conversions are excerpted from the relevant JIS and ASTM standards, which are based on
the data of carbon steels. Therefore, weld metals may exhibit different conversions more or less
particularly in the case of alloyed weld metals with higher hardness.
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Continued
Note: The F-No. grouping and A-No. classification of welding consumables shown below are excerpted
from ASME Sec. IX 2001 Edition and 2003 Addenda. The F No. and A No. of KOBELCO products e e
are shown in the “List of Welding Consumables” listed at pages from 10 to 21. F No. ASME specification AWS classification
[l F-No. grouping of welding consumables for steels and steel alloys 42 |SFA-5.30 IN60
ENiCrFe-1, ENiCrFe-2, ENiCrFe-3, ENiCrFe-4,
I I ENiCrFe-7, ENiCrFe-9, ENiCrFe-10, ENiCrCoMo-1,
F No. ASME Specification No. AWS Classification No. 43 |SFA5.11 ENiCrMo-2, ENiCrMo-3, ENiCrMo-4, ENiCrMo-5,
ENiCrMo-6, ENiCrMo-7, ENiCrMo-10, ENiCrMo-12,
1 |SFA-5.1, SFA-5.5 EXX20, EXX22, EXX24, EXX27, EXX28 ENiCrMo-13, ENiCrMo-14
1 SFA-5.4 EXX25, EXX26 ERNICr-3, ERNiCr-4, ERNiCr-6, ERNiCrFe-5,
ERNiCrFe-6, ERNiCrFe-7, ERNiCrFe-8,
2 SFA-5.1, SFA-5.5 EXX12, EXX13, EXX14, EXX19 ERNiCrFe-11, ERNiCrCoMo-1, ERNiCrMo-2,
3 |SFA-5.1, SFA-5.5 EXX10, EXX11 43 |SFA-5.14 ERNiCrMo-3, ERNiCrMo-4, ERNiCrMo-7,
ERNiCrMo-10, ERNiCrMo-13, ERNiCrMo-14,
4 |SFA-5.1, SFA-5.5 EXX15, EXX16, EXX18, EXX48 ERNiCrWMo-1, ERNiMo-1,
4  |SFA-5.4 (Other than austenitic and duplex) [EXX15, EXX16, EXX17 43 |SFA-5.30 IN82, IN62, INBA, IN52
5 |SFA-5.4 (Austenitic and duplex) EXX15, EXX16, EXX17 44 |SFA-5.11 ENiMo-1, ENiMo-3, ENiMo-7, ENiMo-8,
6 |SFA-5.2 All classifications 44 |SFA-5.11 ENiMo-9, ENiMo-10
6 |SFA-5.9 All classifications ERNiMo-2, ERNiMo-3, ERNiMo-7, ERNiMo-8,
44 |SFA-514 ERNiMo-9, ERNiMo-10
6 |SFA-5.17 All classifications 25 SFABTT ENICIM 1 ENICIM 9‘ ENCVo
-5. iCrMo- iCrMo- iCrMo-
6 |SFA-5.18 Al classificati ' ’ ’
casstlications 5 |Sras1a ERNICrMo-1, ERNiFeCr-1, ERNICMo-8,
6 |SFA-5.20 All classifications s ERNiCrMo-9, ERNiCrMo-11,
6 |SFA-5.22 All classifications ANo. classificati  weldi b
6 |SFA5.23 Al classifications [ A-No. classification of welding consumables
6 |SFA-5.25 All classifications ANo Types of weld Chemical composition of weld deposit (%)
6 |SFA-5.26 All classifications deposit C Cr Mo Ni Mn Si
6 |SFA-5.28 All classifications 1 [Mild steel =0.20 - - - =1.60 =1.00
6 |SFA-5.29 All classifications 2 |C-Mo =0.15 =0.50 0.40-0.65 - =1.60 =1.00
6 |SFA-5.30 INMs-X, IN5XX, IN3XX 3 |Cr(0.4-2%)-Mo =0.15 0.40-2.00 | 0.40-0.65 - =1.60 =1.00
4 |Cr(2-6%)-Mo =0.15 2.00-6.00 | 0.40-1.50 - =1.60 =2.00
I F-No. grouping of welding consumables for nickel and nickel alloys 5 |Cr (6-10.5%)-Mo <0.15 |6.00-10.50 | 0.40-1.50 - <1.20 <2.00
6 |Cr-martensitic =0.15 |11.00-15.00| <=0.70 - =2.00 =1.00
F No. ASME Specification No. AWS Classification No. 7 |Crferritic =015 |11.00-30.00] =1.00 N =1.00 =300
_Ni < R < - < <
41 ISFA5.11 ENi-1 8 |Cr-Ni =0.15 |14.50-30.00f =4.00 |7.50-15.00 =2.50 =1.00
-Ni < - = - = =
41 |SFAB14 ERNI-1 9 Cf’ Ni . ;0.30 19.00-30.00 ;6.00 15.00-37.00 ;2.50 ;1.00
EnNCE et [ow - o T o T
42 [SFA-5.11 ENiCu7 no = - il — oL —=
- - 12 |Ni-Cr-Mo =0.15 =1.50 0.25-0.80 | 1.25-2.80 | 0.75-2.25 =1.00
42 |SFA-5.14 ERNiCu7, ERNiCu-8
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AWS A 5.1-1991

Carbon Steel Electrodes for Shielded Metal Arc Welding
©@ Welding position, type of covering, and related requirements
[ Classification system

: Impact value
Min.
: : B0 ERN  ERI1MR ong- |2V Chamy |
; Classifi- ation  Three out of five specimens Type of covering position curren
E : Designates covered electrodes cation 2” Min Min ) t
@ : All-weld metal tensile strength and related requirements (50.8mm) | Temp. avell'a- e ea'c," @
% °F(°C) g
ft-b(J) | ft-Ib(J)
i “’ Yield strength (0.2%0S)
Classification Tensile strength . 10 22 High cellulose sodium DC(+)
ksi MPa ksi MPa -20(-29) | 20(27) | 15(20) FV,OHH |———
10 60 214 28 331 1 22 High cellulose potassium AC or DC(+)
1 60 414 48 331 12 17 Not specified High titania sodium F V. OH. H AC or DC(-)
12 60 414 48 331 13 17 High titania potassium o AC or DC(+)
13 60 414 48 331 Low hydrogen
18 22 -20(-29 20(27 15(20 f . F,V, OH, H AC or DC(+
E 60 18 60 414 48 331 E 60 29) @ @) potassium, iron powder ®)
19 60 414 48 331 19 22 0(-18) | 20(27) | 15(20) | Iron oxide titania F,V,OH,H |AC or DC(%)
20 60 414 48 331 . AC or DC(-)
20 22 H-Fil, F
22 60 414 Not specified Not specified High iron oxide x
(5) fi AC or DC(+)
27 60 414 48 331 22 |Not specified F, H AC or DC(-)
14 70 482 58 399 High iron oxide, iron ) AC or DC(-)
27 22 -20(-29 20(27 15(20 ! H-Fil, F
15 70 482 58 309 (29) | 20D | 159 | power AC or DC(2)
16 70 482 58 399 14 17 Not specified Iron power, titania F,V,OH, H AC or DC(+)
18 70 482 58 399 15 22 Low hydrogen sodium FV OH H DC(+)
(6) T - , V, s —
ET70 2‘; ;g j:i :Z 222 16 22 20(-29) | 20(27) 15(20) Low hydrogen potassium AC or DC(+)
18 22 Low hydrogen FV,OH,H |AC orDC(+)
28 70 482 58 399 potassium, iron powder T
48 70 482 58 399 £70l 2 17 Not specified Iron powder, titania H-Fil, F AC or DC(#)
18M©@ Note @ 482 ~720 ~496%) I I
8 ote 8 53~72 365~496 27 2 20(:29) | 2027) 15(20) Hé?l\r/:rron oxide, iron H-Fil, F ﬁg g: 388
Note:(1) Single values are minimum P —
(2) Nominal 70ksi (482MPa) 28 22 0(-18) 20(27) | 15(20) | Low hydrogen H-Fil, F AC or DC(+)
(3) For 3/32in.(2.4mm) electrodes, the maximum yield point is 77ksi (531MPa) f i
(4) For mostly milltary applications 48| 22 | -20(-29) | 20(27) | 15(20) | PO'SSIUM, oN POWIST | Ok H v-down) AC or DC(+)
(5) Only for single pass welding Al five specimens i
(6) Chemical composition requirements are specified for E70XX weld metal. 18M 24 P Lowdhydrogen, fron F,V, OH, H DC(+)
-20(-29) | 50(67) | 40(54) | Powder

Note:(1) Welding position:  F: Flat, H: Horizontal, H-Fil: Horizontal fillet, V-down: Vertical down
V: Vertical, OH: Overhead (V and OH are applicable for 5/32” (4.0mm) or smaller
electrodes as to E7014, E7015, E7016, E7018, E7018M, and for 3/16” (4.8mm)
electrodes as to the other types of electrodes)
(2) Type of current: DC(-) : DC-EN, DC(+) : DC-EP, DC(+) : DC-EP or DC-EN
(3) Among the five specimens, the highest and lowest values shall be discarded in computing the average value.
Two of the three remaining values shall be 20ft-Ib (27J) or higher.
(4) All five values obtained shall be used in computing the average. Four of the five values shall be 50ft-Ib (67J)
or higher.
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AWS A 5.5-2006

@ Specification for low temperature impact value (Option)

Low-Alloy Steel Electrodes for Shielded Metal Arc Welding

[ Classification system

Impact value (2V Charpy)
Classificati Additional Three out of five specimens
assiication | nesignation Temp. Average, Each value,
°F(°C) Min. Min.
ft-lb(J) ft-lb(J)
E 7016
E 7018 1 -50 (-46) 20 (27) 15 (20)
E 7024 0(-18) 20 (27) 15 (20)

@ Specification for diffusible hydrogen (Option)

e[0][@]-[e] &

E : Designates covered electrodes
@ : All-weld-metal tensile strength and

E 100 18 — D2

@© : Type of covering, welding position, and related

Classification Adglition_al Diffusible hydrogen _content, Average
Designation ml(H;)/100g deposited metal, Max

E 7018M None 4.0

E 7015

E 7016

E 7018 H16, H8, or H4 16.0, 8.0, or 4.0, respectively

E 7028

E 7048

® Specification for absorbed moisture (Option)

related requirements'” requirements
. EL. Mi V. Min. @ . Welding Type of
Class. TS, Min ,u/ In f,t Iban Class. Type of covering position current
ksi | MPa (%) b (J) 10 |High cellulose sodium Fv o H DSt
70 70 | 480 11 |High cellulose potassium |~ '~ ~ AC or DC(+)
75 | 520 Av. 20 (27) 13 |High-titania potassium  |F, V, OH, H |AC or DC()
80 80 | 550 13-25 E:f: 1efc>:i<fi2c0) 15 |Low-hydrogen sodium FV OH H DC(+)
90 90 | 620 |according temp‘;rature 16 |Low-hydrogen potassium |~ ' ' |AC or DC(+)
100 | 100 | 690 | toclass. | (= i Low-hydrogen potassium
pending on ydrogen p )
110 110 | 760 classification 18 iron powder F.V, OH, H |AC or DC(+)
120 | 120 | 830 H-Fil AC or DC(-)
Note (1) PWHT is specified depending on classification. 20 |High-iron oxide
(2) Not specified for EXXX-A1, -BX, -BXL, and -G F AC or DC(*)
o7 |High-iron oxide, H-Fil AC or DC(-)
iron powder F AC or DC(+)

Electrode
designation

Limit of moisture content (wt%), Max

As-received
or conditioned

As-exposed

E 7015
E 7016
E 7016-1
E 7018
E 7018-1
E 7028
E 7048

0.6

Not specified

Note: 1. Welding position: F: Flat, V: Vertical, OH: Overhead,
H-Fil: Horizontal fillet

DC(+): DC-EP, DC(-): DC-EN,
DC(+):DC-EP or DC-EN

2. Type of current:

@ Chemical composition of all-weld metal

E 7015
E 7016
E 7016-1
E 7018
E 7018-1
E 7028
E 7048

0.3

0.4

E 7018M

0.1

0.4

366

Class Chemical composition (%)
c | wmn [ si [ P [ s | Ni | cr | Mo [ Others
Electrodes for C-Mo steel
E 7010
E 7011 0.60 0.40
E 7020
E7015| A1 | 012 | g 0.60 0.03 0.03 - - pyss -
E 7016 ) ) ’
E 7018 0.90 0.80
E 7027 1.00 0.40
Note: Single values are maximum. (Continued)
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Chemical composition (%) Chemical composition (%)
Class. Class.
c [ Mn | si | P | S | Ni [ cr [ Mo | Others c [ mMn | si | P | s [ Ni [ cr | Mo | Others
Electrodes for Cr-Mo steel Electrodes for Ni steel
E 8016 0.05- 0.60 0.40- 0.40- E 8016 0.60 2.00-
=20 B1 0.90 0.03 0.03 - - =220 0 ¢ 0.12 1.2 0.03 0.03 - - -
E 8018 0.12 0.80 0.65 0.65 E 8018 ° 0.80 275
E 8016 0.05- 0.60 1.00- 0.40- E 7015
ool B2 G%5 | os0 il 0os | o003 150 | 065 E7ot6 | C1L| 005 | 125 | os0 | 003 | o003 | 2% ) ; ;
E 7015 1.00 100 0.40 E 7018 )
E 7016 | B2L| 0.05 0.90 0.60 0.03 0.03 - 1.50 0.65 - E8016 | , 012 125 0.60 0.03 0.03 3.00- i i i
E 7018 0.80 E 8018 0.80 3.75
E 9015 1.00 E 7015
— 0.05- 2.00- 0.90- 3.00-
E9016| B3| 5o | 090 | 060 003 | 003 - 250 | 120 - E7016 | C2L| 005 | 125 | 050 003 1 003 1 575 ) ’ )
E 9018 0.80 E 7018
B80S /g3 | 005 0.90 1.00 0.03 0.03 ; 2.00- | 0.90- ; E8016 | 3| 012 0.40- 1 89 0.03 003 | 98- 1 ¢45 035 | V:0.05
E 8018 0.80 2.50 1.20 E 8018 1.25 1.10
1.75- 0.40- 0.40- 0.80-
B4L| 0.05 0.03 0.03 - - Cc3L| 0.08 0.03 0.03 0.15 0.35 V: 0.05
E 8015 0.90 1.00 205 0.65 E 7018 140 0.50 110
0.07- 0.40- 0.30- 0.40- 1.00- Vi E 8016 0.60 1.10-
B5 0.03 0.03 - == 1 c4 K : X - - -
E 8016 0.15 0.70 0.60 0.60 1.25 0.05 E 8018 c 0-10 125 0.80 0.03 0.03 2.00
E 8015 0.40- 6.00-
. - . C5L| 0.05 0.03 0.03 - - -
Esots| B6| 005 10 0.90 0.03 0.03 0.40 4.0 0.45 ) E 9015 100 0.50 705
0.10 6.0 0.65 -
E 8018 Electrodes for Ni-Mo steel
E 8015 V: 0.02
E8016| B6L| 005 10 0.90 003 | 003 | 040 40- | 045 . esots |NM1 o010 | 28 1 g 002 | 002 | 98- | o490 | 040 Icyig0
6.0 0.65 1.25 1.10 0.65 | A 0.05
E 8018 -
E 8015 Electrodes for Mn-Mo steel
0.05- 6.0- 0.45- E 8018
E8016 1 BT 010 10 0.9 008 0.08 040 8.0 0.65 ) DI| 012 1.00- 0.80 0.03 0.03 0.90 0.25-
E 8018 E 9018 | - 175 . . . - ™ }
E 8015 E 9015 0.60
E8016| BTL| 005 1.0 0.90 0.03 003 | 040 %%‘ %‘;55' - E10015 165 | 060 0.25.
: : D2 K : : 0. 0. 90 - : -
E 8018 E10016 | 0.15 500 03 03 0.9 045
E 8015 E10018 0.80
Esote| B8 | 005 1.0 0.90 0.03 0.03 0.40 8.0- 0.85- ; E 8016 | o0 | 080 040,
E 8018 0.10 105 1.20 E8018 | D3| 0.2 : 0.03 0.03 0.90 - ' -
1.80 0.80 0.65
E 8015 80 0.85 E 9018
E 8016 | BSL 0.05 1.0 0.90 0.03 0.03 0.40 16_5 1._20 ) Note: Single values are maximum. (Continued)
E 8018
V: 0.15-
E 9015 0.30
Cu: 0.25
0.08 8.0 0.85 | AL 004
B9 ol 0.01 0.01 0.80 -~ =97 | Nb(Cb):
E 9016 013 1.20 0.30 105 120 5o
0.10
E 9018 N:0.02-
0.07
Note: Single values are maximum. (1) Mn+Ni shall be 1.50% Max. (Continued)

368 369



AWS R5.4-2004

Stainless Steel Electrodes for Shielded Metal Arc Welding

Chemical composition (%)
Class. e i
c [ Mn | si | P s | Ni | Cr | Mo | Others ICIassmcatlon system
Electrodes for general low-alloy steel
VZ=0.10 E | w Lo ]
EXX 10 - =1.00 =0.80 - - =0.50 >0.30 =0.20 Cu_>d 20 (Ex) E308—-15 E309L-16
. VZ0.10 Ao
EXX 11 - =1.00 =0.80 - - =0.50 >0.30 =0.20 E: Designates covered electrodes
Cu=0.20 . ", .
V=010 D: All-weld metal chemical composition and related requirements
EXX 13 - =1.00 | =0.80 - - 2050 | 2030 | =020 | = Mechanical
V=0.10 Chemical composition of all-weld metal (%) M@ properties
EXX 15 - =1.00 | =0.80 - - >050 | =030 | =0.20 = emical composition of all-we o of all-weld metal
1) Cu=0.20 Class
G V=010 - (As-welded)
EXX 16 - =1.00 =0.80 - - =0.50 =0.30 =0.20 c :>0 20 Nb(Cb) TS, Min. ElL,
u=0. Cc Cr Ni Mo Mn Si P S N Cu . Min.
> > > > =0.20 v20.10 *T ksi | MPa (%)
EXX 18 - =1.00 =0.80 - - =0.50 =0.30 =0. .
Cu=0.20 E209 0.06 |20.5-24.0| 9.5-12.0 | 1.5-3.0 - 4.0-7.0 | 1.00 | 0.04 | 0.03 |0.10-0.30| 0.75 | 100 | 690 | 15
V=010 E219 0.06 |19.0-21.5| 5570 | 0.75 - 8.0-10.0 | 1.00 | 0.04 | 0.03 {0.10-0.30| 0.75 | 90 | 620 | 15
E 7020 - =1.00 | =0.80 - - =050 | =030 | =0.20 Cu=0.20 E240 0.06 |17.0-19.0| 4.060 | 0.75 - [10.5-13.5] 1.00 | 0.04 | 0.03 |0.10-0.30| 0.75 | 100 | 690 | 15
— - E307  |0.04-0.14(18.0-21.5| 9.0-10.7 | 0.5-1.5 - |3.30-4.75| 1.00 | 0.04 | 0.03 - 075 | 85 | 590 | 30
E 7027 - =1.00 =>0.80 - - =>0.50 =>0.30 =0.20 V=>0'10 E308 0.08 |18.0-21.0/ 9.0-11.0 | 0.75 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 80 | 550 | 35
Cu=0.20 E308H [0.04-0.08|18.0-21.0| 9.0-11.0 | 0.75 - 0525 | 1.00 | 0.04 | 0.03 - 075 | 80 | 550 | 35
Military-similar Electrodes E308L 0.04 [18.0-21.0/ 9.0-11.0 | 0.75 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 75 | 520 | 35
0.60- 1.40- E308Mo | 0.08 [18.0-21.0|9.0-12.0 | 2.0-3.0 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 80 | 550 | 35
E 9018 0.10 1'25 0.80 0.030 0.030 1.80 0.15 0.35 V:0.05 E308LMo 0.04 |18.0-21.0| 9.0-12.0 | 2.0-3.0 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 75 | 520 | 35
: : E309 0.15 |22.0-25.0{12.0-14.0| 0.75 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 80 | 550 | 30
E 10018 0.10 0.75- 0.60 0030 | 0030 | 140- 0.35 %25%' V- 0.05 E309H |0.04-0.15|22.0-25.0[12.0-14.0| 075 - | 0525 | 1.00 | 0.04 | 0.03 - |o75| 80| 550 | 30
M 1.70 2.10 - E309L 0.04 |22.0-25.0{12.0-14.0| 0.75 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 75 | 520 | 30
1.30- 1.25- 0.25- ) E309Nb | 0.12 |22.0-25.0{12.0-14.0| 0.75 |0.70-1.00| 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 80 | 550 | 30
E 11018 0.10 180 0.60 0030 | 0030 | oy 0.40 050 | V005 E309Mo | 0.12 |22.0250(12.0-14.0| 2030 | - | 0525 | 100|004 | 003 | - |o075| 80 | 550 | 30
1.30- 1.75- 0.30- 0.30- E309LMo 0.04 [22.0-25.0|12.0-14.0| 2.0-3.0 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 75 | 520 | 30
E 12018 0.10 2 25 0.60 0.030 0.030 2 50 1‘ 50 0.55 V:0.05 E310  |0.08-0.20|25.0-28.0|20.0-22.5| 0.75 - 1.0-25 | 0.75 | 0.03 | 0.03 - 0.75 | 80 | 550 | 30
: : : . E310H |0.35-0.45|25.0-28.0(20.0-22.5| 0.75 - 1.0-25 | 0.75 | 0.03 | 0.03 - 075 | 90 | 620 | 10
E12018] M1| 0.0 0.80- 065 0.015 0012 | 300- 0.65 %23%' V- 0.05 E310Nb | 0.12 |250-28.0(20.0-22.0) 0.75 |0.70-1.00| 1.0-2.5 | 0.75 | 0.03 | 0.03 - |o7s| 80| 550 | 25
1.60 3.80 : E310Mo | 0.12 |25.0-28.0|{20.0-22.0| 2.0-3.0 - 1.0-2.5 | 0.75 | 0.03 | 0.03 - 075 | 80 | 550 | 30
Electrodes for pipeline E312 0.15 |28.0-32.0| 8.0-10.5| 0.75 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 95 | 660 | 22
E 7010 E316 0.08 |17.0-20.0{11.0-14.0| 2.0-3.0 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 75 | 520 | 30
E 8010 P1 0.20 1.20 0.60 0.03 0.03 1.00 0.30 0.50 V:0.10 E316H |0.04-0.08(17.0-20.0|11.0-14.0| 2.0-3.0 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 75 | 520 | 30
= A heri | E316L 0.04 |17.0-20.0{11.0-14.0| 2.0-3.0 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 70 | 490 | 30
ectrodes for weathering steel E316LMn  0.04 |18.0-21.0[15.0-18.0| 25635 | - | 50-80 | 0.90 | 0.04 | 0.03 |0.10-0.25| 0.75 | 80 | 550 | 20
0.40- 0.40- 0.20- 0.15- V:0.08 E317 0.08 |18.0-21.0{12.0-14.0| 3.0-4.0 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 80 | 550 | 30
E7018 | W1 0.12 0.025 0.025 - Cu: 0.30- E317L 0.04 [18.0-21.0{12.0-14.0| 3.0-4.0 - 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 75 | 520 | 30
0.70 0.70 0.40 0.30 060
: E318 0.08 |17.0-20.0{11.0-14.0| 2.0-3.0 [6xC-1.00| 0.5-2.5 | 1.00 | 0.04 | 0.03 - 075 | 80 | 550 | 25
E8018 | W2 0.12 0.50- 0.35- 0.03 0.03 0.40- 0.45- ) Cu: 0.30- E320 0.07 |19.0-21.0{32.0-36.0| 2.0-3.0 [8xC-1.00| 0.5-2.5 | 0.60 | 0.04 | 0.03 - [3.04.0 80 | 550 | 30
1.30 0.80 0.80 0.70 0.75 E320LR | 0.03 |19.0-21.0|32.0-36.0| 2.0-3.0 |8xC-0.40|1.50-2.50| 0.30 |0.020 | 0.015 - [3.0-40 75 | 520 | 30
] ] E330  |0.18-0.25(14.0-17.0|33.0-37.0| 0.75 - 1.0-2.5 | 1.00 | 0.04 | 0.03 - 075 | 75 | 520 | 25
Note: Single values are maximum. E330H [0.35-0.45)14.0-17.0|33.0-37.0| 0.75 - 1.0-2.5 | 1.00 | 0.04 | 0.03 - 075 | 9 | 620 | 10
(1) The “G” group shall have the minimum of at least one of the elements listed in this table. E347 0.08 18.0-21.0| 9.0-11.0 0.75 8xC-1.00| 0.5-2.5 1.00 | 0.04 | 0.03 - 0.75 75 520 30
The letters “XX” stand for various tensile strength levels of weld metal. E349 0.13 18.0-21.0| 8.0-10.0 |0.35-0.65/0.75-1.20| 0.5-2.5 1.00 | 0.04 | 0.03 _ 0.75 | 100 690 25
E383 0.03 |26.5-29.0(30.0-33.0| 3.2-4.2 - 0.5-2.5 | 0.90 | 0.02 | 0.02 - lo615 75 | 520 | 30
E385 0.03 |19.5-21.5|24.0-26.0| 4.2-5.2 - 1.0-25 | 0.70 | 0.03 | 0.02 - 1220/ 75 | 520 | 30
(Continued)
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@: Type of current and welding position

Classification

Type of current

Welding position

suffix
-15 DC-EP All positions
-16 DC-EP or AC All positions
-17 DC-EP or AC All positions
-26 DC-EP or AC H, F

. . Mechanical properties
Chemical composition of all-weld metal (%) M@ prop @
cl of all-weld metal
ass.
Nb(Cb) TS, Min_| El.,
C Cr Ni Mo Mn Si| P S Cu . Min. |PWHT
+Ta ksi | MPa (%)
E409Nb | 0.12 | 11.0-140 | 0.6 0.75 |0.50-1.50| 1.0 1.00 | 0.04 | 003 | 075 | 65 | 450 | 20 d
E410 0.12 | 11.0-135 | 0.7 0.75 - 1.0 0.90 | 0.04 | 0.03 | 0.75 65 | 450 | 20 a
E410NiMo | 0.06 | 11.0-12.5 | 4.0-5.0 |0.40-0.70 - 1.0 0.90 | 0.04 | 0.03 | 0.75 110 | 760 | 15 c
E430 0.10 | 15.0-18.0 0.6 0.75 - 1.0 0.90 | 0.04 | 0.03 0.75 65 | 450 20 d
E430Nb 0.10 | 15.0-18.0 | 0.6 0.75 | 0.50-1.50 1.0 1.00 | 0.04 | 003 | 0.75 65 | 450 | 20 d
E630 0.05 |16.00-16.75| 4.5-5.0 | 0.75 | 0.15-0.30 | 0.25-0.75| 0.75 | 0.04 | 0.03 |3.25-4.00| 135 | 930 7 e
E16-8-2 0.10 | 14.5-16.5 | 7.5-9.5 | 1.0-2.0 - 0.5-25 | 0.60 | 0.03 | 0.03 | 0.75 80 | 550 | 35 | None
Mechanical properties
Chemical composition of all-weld metal (%) @ prop @
cl of all-weld metal
ass
TS, Min | EL,
Cr | Ni | Mo Nb(Cb) Mn Si P S N Cu |Others . Min. |PWHT
+Ta ksi |MPa|
(%)
21.5-| 85- | 2.5- 0.5- 0.08-
- 0.04 | 0.03 - None
2209 | 004 | | 0| g 2o | 090 020 | 075 100 | 690 | 20
24.0- | 6.5- | 2.9- 0.5- 0.10- | 1.5-
R 0.04 | 0.03 - N
E2553 | 0.06 | 0| 45 | 39 15 1.0 025 | 25 110 | 760 | 15 one
24.0- | 8.5- | 2.9- 0.5 0.08- | 1.5-
- 0.04 | 0.03 - N
E2593 | 0.04 270 | 105 | 39 15 1.00 0.25 30 110 | 760 | 15 one
24.0- | 85- | 3.5- 0.5- 0.20-
- 0.04 | 0.03 - None
E2594 | 0.04 270 | 105 | 45 20 1.00 0.30 0.75 110 | 760 | 15
24.0- | 85- | 2.5- 0.20- | 0.4- W:
R 0.03 | 0.025 None
E2595 | 0.04 | | oe | s 2.5 1.2 030 | 15 | 0440 | 10| 760 | 15
Co:
20.0- | 19.0- | 2.5- 0.75- 1.0- 18.5-21.0
0.04 | 0.03 - None
E3155 | 010 | e | 510 | 35 195 25 | 100 0.75 W 100 | 690 | 20
2.0-3.0
31.0- | 30.0- | 1.0- 2.5 0.3- | 0.4-
- - 0.02 | 0.01 - None
E33-31] 0.03 | 550 | 320 | 20 4.0 08 0.5 0.8 105720 | 25

Note: (1) Single values are maximum.
(2) The total of other elements, except iron, shall not present in excess of 0.5%.
(3) All-weld-metal mechanical properties are obtained after the following PWHT:
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a: Heat to 1350 to 1400°F (730 to 760°C), hold for one hour, furnace cool at a rate of 100°F (55°C) per hour

to 600°F (315°C) and air cool to ambient.

b: Heat to 1550 to 1600°F (840 to 870°C), hold for two hours, furnace cool at a rate not exceeding 100°F
(565°C) per hour to 1100°F (595°C) and air cool to ambient.

c: Heat to 1100 to 1150°F (595 to 620°C), hold for one hour, and air cool to ambient.

d: Heat to 1400 to 1450°F (760 to 790°C), hold for two hours, furnace cool at a rate not exceeding 100°F
(55°C) per hour to 1100°F (595°C) and air cool to ambient.

e: Heat to 1875 to 1925°F (1025 to 1050°C), hold for one hour, and air cool to ambient, and then
precipitation harden at 1135 to 1165°F (610 to 630°C), hold for four hours, and air cool to ambient.
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AWS A5.11-2005

Nickel and Nickel Alloy Welding Electrodes for Shielded Metal Arc Welding

[ Classification system Wi
Class.
ass C|mn| Fe| P | s | si|cuN® co| a| Ti|ocr NN Mol v | w
E (Ex.J E NiCu-7 ENiCMos | 0.10 | 5% | 100 | 003 | 002 | 10 050 |zs50| - | - | - |20 0> 1200 10
E: Designates covered electrodes : ' 140-| | 14.0- '
) o ENiCrMo-7 | 0.015| 1.5 | 3.0 | 004 | 003 | 0.2 | 050 | Bal | 20 | - [070 | o' | - | 50| - 0.5
(D: Chemical composition of all-weld metal 0 TE: 510 50
oAy ENiCrMo-9 | 0.02 | 1.0 | ;3| 0.04 | 003 | 10 | ;% | Bal | 50 | - - %55 | 95 | &0 - 15
Class. . ) ) Nb(Cb) . 2.0- 20.0- 12.5- 2.5-
C| Mn| Fe| P s Si | Cu | Ni Co| A | Ti | cr 0T Mo | v w ENiCrMo-10 | 0.02 | 1.0 | & | 0.03 |0.015| 0.2 | 050 | Bal | 25 | - - %8| - | 428|035 | 5%
) 1.0- ) 13.0- 1.0- _ | 280-| 0.3- | 40- 15-
ENi-1 0.10 | 0.75 | 0.75 | 0.03 | 0.02 | 1.25 | 0.25 | =92.0| - 10 | 4o - - - - - ENiCrMo-11 | 0.03 | 1.5 | (5~ | 0.04 | 002 | 1.0 | 5, | Bal | 50 we | 18 | 6o ) 0
N " ) 205- | 1.0- | 858-
ENICr-4 010 | 15 | 1.0 | 002 002 | 10 | 025 | Bal _ _ _ ‘282'_% 12% _ _ _ ENiCrMo-12 | 0.03 | 22 | 50 | 0.03 | 0.02 | 0.7 | 050 | Bal | - - - 195 | 28 | 160 | - -
N ) 22.0- 15.0-
ENiCu7 | 015 | 40 | 25 [002 | 0015| 15 | Bal | 201 - |o75| 10 | - - - - - ENiCrMo-13 | 002 | 1.0 | 1.5 |0015| 001 | 0.2 | - | Bal | - | - | - |5 0| - | g0 | - -
N . ) 19.0- 15.0- 3.0-
ENiCrFe-1 | 0.08 | 35 | 11.0 | 0.03 | 0.015 | 0.75 | 0.50 |=62.0| - - - 1137'% 41‘(',5(4) - - - ENiCrMo-14 | 0.02 | 1.0 | 5.0 | 0.02 | 0.02 | 0.25 | 0.50 | Bal - - 025 30 | - 170 | - a4
) 1.0- 5 13.0- | 05- | 0.5- iCrMo- 13- B oo 220- _ 15.0-1 _
enicrfe2 | 010 | 1% [ 120003 | 0.02 | 075 | 050 |z620| ©@ ) L[ 1RO 05 1 0% N N ENiCrMo-17 {0,020 | 05 | 3.0 |0030|0.015| 02 | ;g | Bal | 20 540 17.0
. 5.0- 3) 13.0- | 1.0- . ~ 12.0- R 19.0- 10.0- 1.0-
ENiCrFe-3 | 0.10 | 33 | 100 | 003 0.015| 10 | 050 |=59.0 S IR E B - ENiCrMo-18 | 0.03 | 07 | "~ | 0.03 | 002 | 06 | 0.3 | Bal | 1.0 | 05 220 | 93 | 130 | 015 | 50
) 1.0- 13.0- [ 1.0- | 1.0- i _19© _ | 200- ] 19.0-1
ENiCrFe-4 | 020 | ©% 120 | 0.03| 002 | 10 | 050 |=600| - N S o I B - ENiCrMo-19®| 0.02 | 15 | 1.5 | 0.03 | 0.02 | 0.2 | 05 | Bal | 0.3 | 0.4 230 210 0.3
) po 7.0- P 28.0- | 1.0- ENiCrCoMo | 0.05- | 0.3- 90- | _ — [ 210- 80- | _ _
ENiCrFe-7®| 0.05 | 5.0 | ;57| 0.03|0015| 0.75 | 050 | Bal 050 | 050 | 3ie | 55 | 05 - - a o1s | 25 | 80 | 0.03 [0.015| 0.75 | 0.50 | Bal | ;0 %0 | 19 | 100
) 1.0- 12.0- | 05- | 25- ENiICPWMo | 0.05- | 0.3- 0.25- 20.0- 1.0- 13.0-
ENiCrFe-9 | 0.15 | , = | 12.0 | 0.02 | 0.015 | 075 | 0.50 | 2550 - - - 1470 30 | 52 - 15 3 040 | 10 | 30 | 002 |0015| ;57| 050 | Bal | 50 | 050 |0.10 | 5, | - 50 - | 50
) 1.0- N 13.0- | 1.0- | 1.0- 15-
ENiCrFe-10 | 0.20 35 | 120]002]0015] 075 | 0.50 | 2550] - 3 B 170 | 35 35 B 3.5 Note: (1) Single values are maximum. The total of other elements shall not be in excess of 0.50%.
i 0.10- 8.0- 1.5- | 0.10- | 24.0- (2) Includes incidental cobalt.
ENiCrFe-12 1.0 004|002 | 10 | 020 | Bal | 1.0 - - - -
0.25 1.0 2.2 | 040 | 260 (3) Cobalt—0.12 maximum, when specified.
enicrresi-1] 29| 25 (2101 004 | 0.03 | 2% | 030 | Bal | 10 |030| - |20 | . . y . (4) Tantalum—O0.30 maximum, when specified.
0.20 25.0 3.0 29.0 . o . - o ) .
ENiMoA 007 | 10 1 4% 1002 | 003 | 10 | 050 | Bal | 25 10 %0 | 060 | 10 (5) Boron is 0.005% maximum and Zr is 0.020% maximum when specified.
SRS 27 i N Wt A I il SN 11 ; (6) N =0.02-0.15%.
’ 4.0- 25 23.0-
ENMo-3 | 0.12 | 1.0 | 50| 004 | 003 | 1.0 | 0.50 | Bal | 25 | - - e - | 570 | 060 | 10
ENiMo-7 | 0.02 | 1.75 | 225|004 | 003 | 02 | 050 | Bal | 10 | - | - |10 | - 201 | 4
) 0.5- 17.0- 2.0-
- > - - - - -
ENiMo-8 | 0.10 | 1.5 | 10.0 | 0.02 [ 0.015 | 0.75 | 0.50 | =60.0 Py 200 w0
) 03 |- 18.0- 2.0-
ENiMo-9 | 010 | 1.5 | 7.0 | 0020015 0.75 | 17 |z620| - - - - - | o | - 0
) 1.0- 1.0- 27.0-
ENiMo-10 | 0.02 | 20 | ~o' | 0.04 | 003 | 0.2 | 0.50 | Bal | 30 | - - 50 - %0 | - 3.0
) 2.0- 0.1- 0.5- 26.0-
ENiMo-11 | 002 | 25 | -7 | 0.04| 0.03 | 0.2 | 05 | Bal | 10 | (/7 | 03 | 17 | 05 |50~ | - -
) 1.0- [18.0- 15- 21.0- [ 1.75- | 55-
ENiCrMo-1 | 0.05 | 5 = | ,3 "| 0.04 [ 003 | 1.0 | ;7 | Bal | 25 | - - %5 | 550 | 78 - 1.0
) 0.05- 17.0- 0.50- 20.5- 8.0- 0.2-
ENiCrMo-2 | " 2"| 1.0 | 57{ 0.04 | 0.03 | 1.0 | 050 | Bal | ;2| - - %01 - |10l - o
CrMo. ® _ — | 200-[315-| 80- | _ i
ENiCrMo-3 | 0.10 | 1.0 | 7.0 | 0.03 | 0.02 | 0.75 | 0.50 |=55.0 %30 | 218 | 100
) 4.0- 145 15.0- 3.0-
ENCrMo-4 | 0.02 | 1.0 | 50| 004 | 003 | 0.2 | 0.50 | Bal | 25 | - - lies | - | 1701035 4s
) 4.0- 145 15.0- 3.0-
ENiCrMo-5 | 0.10 | 1.0 | 50| 0.04 | 003 | 1.0 | 0.50 | Bal | 25 | - - s | 0 |70 | 035 | e

(Continued)
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AWS A5.13-1990 AWS A5.17-1997, A5.23-1997

A5.17: Carbon Steel Electrodes and Fluxes for Submerged Arc Welding

Welding Electrodes and Rods for Cast Iron A5.23: Low Alloy Steel Electrodes and Fluxes for Submerged Arc Welding

[ Classification system Flolloe]lel-[@a][ ® |-[® ] (Ex)FsA0-

F9A2 -
E (Ex.) E NiFe-ClI F: Designates fluxes

@ : All-weld metal tensile strength and related requirements

H14

® : Impact value of all-weld metal "

E: Desngn_ates covere.d.electrodes ﬁg.; ; TS EL., Min. :g.; ; Temp. IV, Min.
(D: Chemical composition Code (ksi) (%) Code (°F) (ft-1b)
Class. Chemical composition (%2) m . 5 60-80 22 7 j
C [ Mn [ si [ P [ s | Fe [ N [ Mo [ cu®] Al [others 7 70-95 2 0 0
Chemical composition of all-weld metal
P 8 80-100 20 2 -20
ENi-CI 2.0 25 4.0 - 0.03 8.0 =85 - 25 1.0 1.0 9 90-110 17 4 40 20
V.
ENi-CIA | 20 | 25 | 40 - | 003 | 80 =85 - 25 | O 4 10 100-120 16 5 -50
3.0 Each 15
ENiFeCl | 20 | 25 | 40 003 | Bal 4s- 25 | 10 | 10 ! 110199 18 o 50
fre- : : : ) : a 60 ) : : : 12 120-140 14 8 -80
ENiFe-CI-A | 2.0 25 4.0 - 0.03 Bal ‘é%' - 25 13%' 1.0 Note (1) PWHT is specified depending on classification for 10 -100
10- 35. - tension and impact testing. 15 150
ENiFeMn-CI| 2.0 14 1.0 - 0.03 Bal 45 - 2.5 1.0 1.0
035 30 50 35 2: Heat treatment @: Type of wire
ENiCu-A _0'.55 2.3 0.75 - 0.025 6.0 60 - 45 - 1.0 Code Designation Code Designation
ENiCu-B %%% 23 | 075 - | 0025 36'%' 67%' - %55 - 1.0 A As-welded E Solid wire
. s : P PWHT EC Composite wire
ENiFeT3-Cl 3.0- 45-
@ 2.0 5.0 1.0 - 0.03 Bal 60 - 25 1.0 1.0 - — - - "
: (®: Chemical composition of wire (©: Chemical composition of weld metal
Chemical composition of core wire Code Type Code Type Code Type Code Type Code Type
Est 015 [ 060 [ 015 [ 004 [004 | Ba [ - | - [ - | - ] - Ni1 N1
Al Ni1K A1 N:2
Note : (1) Single values are maximum. L8 Low A2 Ni2 ) A2 Ni3 )
(2) Nickel plus incidental cobalt. L8k Mn type | A3 Motype | N3 Ni type A3 Mo type N!4 Ni type
(3) Copper plus incidental silver. L12 A3K Ni4 A4 N!5
(4) No shielding gas shall be used for ENiFeT3-Cl. Ad Ni5 !
M11K B1 F1 B1 F1
M12 . B2 F2 B2 F2
M12K Medium | B2H F3 B2H F3
M13K Mntype | B3 F4 B3 F4
M14K B5 oMo | F5 Other B4 CrMo | g5
M15K B6 A F6 alloying B5 type F6
ype Other
B6H M2 type B6 M1 ‘
H10K B8 M3 B6H M2 alloying
H11K High type
H12K Mn tvpe B9 M4 B8 M3
14 P w B9 M4
G M5
1 Weld metal chemical composition of \’\IAVG
G composite wires G
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AWS R5.18-20095, A5.28-2005

A5.18: Carbon Steel Electrodes and Rods for Gas Shielded Metal Arc Welding
A5.28: Low-Alloy Steel Electrodes and Rods for Gas Shielded Metal Arc Welding

[ Classification system

ERerE) [O | [@|-[0][®][6]
A5.18: (Ex.J) ER70S-2,E70C-3M,E70C -3 MH16
A5.28: ER80S-B2, E80C-B2H16

ER: Designates welding electrodes or rods.
E: Designates welding electrodes
(D: All-weld metal tensile strength and related requirements !

®: Chemical composition of wire or
all-weld metal (A 5.18)

TS, Min. 2
El, Min. v, @
Code o Min.
(%) (ft-Ib)
ksi MPa
70 480
70 75 515
(A5.28) | (A5.28)
80 80 550
Average 20
Each 15
14-24 i
90 90 620
sccordngo| 2
classification .
depending on
100 100 690 classification
10 110 760
120 120 830

Class. Suffix |Shielding| Type
gas
ER70S 2
ER70S
ER70S co,
ER70S 6
ER70S 7 Carbon
@ steel
ER70S G type
E70C 3 75-80%Ar/
bal.C02
E70C 6 or CO,
E70C G
E70C Gs® @

Note (1) PWHT is specified depending on classification.
(2) Not required for Mo and Cr-Mo type filler wires.

@): Type of wire

@: Type of shielding gas (A 5.18)

Note : (1) For single pass
(2) As agreed upon between

purchaser and supplier

®: Diffusible hydrogen (Option)
(A5.18

(®: Chemical composition of wire or all-weld metal (A 5.28) @: Diffusible hydrogen (Option) (A 5.28)
Lo Diffusible hydrogen
Additi | A
Class. Suffix | Shielding gas Type Desig;r:g?i:n ml/100g deposited metal,
Max.
C-0.5Mo
- H1 16.
ER70S A1 Argon/1-5%0, stoel 6 6.0
EQ90C D2 1.5Mn-0.5Mo
Argon/1-5%0, steel H8 8.0
ER 80 S B2 H4 4.0
ER70S BaL 1.25Cr-0.5Mo
E70C B2L Argon/1-5%0, steel H2 2.0
E80C B2
ER90 S B3
ER 80 S B3L Ardon/1-5%0. 2.25Cr-1Mo
E80C B3L g o steel
EQ90C B3
5Cr-0.5Mo
ER 80 S B6 Argon/1-5%0, steel
9Cr-1Mo
ER 80 S B8 Argon/1-5%0, steel
9Cr-1Mo-0.2V
ER90 S B9 Argon/5%0, steel
ER 80 S Ni1
E80C Ni1
ER80 S Ni2
E70C Ni2 Argon/1-5%0, Ni steel
E80C Ni2
ER 80 S Ni3
E80C Ni3
ER 80 S D2 CO; Mn-Mo
ER90'S D2 Argon/1-5%0; steel
ER 100 S 1
Other low alloy
ER110S 1 Argon/2%0, steels
ER 120 S 1
(1) (1)
ERxx S G Not specified @
E xx C

Diffusible hydrogen,
Code Designation Code Designation Code mi/100g d:llpa‘:(s.ited metal
S Solid wire C CO, H16 16.0
C Composite wire M 75-80%Ar-20-25%CO, H8 8.0
H4 4.0
378

Note: (1) As agreed upon between purchaser and supplier
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AWS R5.20-2009, A5.29-2005

A5.20: Carbon Steel Electrodes for Flux Cored Arc Welding
A5.29: Low Alloy Electrodes for Flux Cored Arc Welding

[ Classification system

A520E [ | |[@ | T-[® | [ @ ]| -yHZ (Ex) EZ 1 T-1 M-JHS

A520.E [ O ][O ] T[®] -] ® |[ @] -JHZ (Ex) E8 1. T 1-B2M-JH8

E: Designates electrodes T: Designates flux-cored electrodes

(: All-weld metal tensile strength and related requirements"" @): Performances
TS suffix " | Performances (Type of flux,, Polarity, Application
Code - IV, Min. ft-Ib (J) (Typ: Y, AP )
ksi MPa 1 MAG, Rutile type, Fillet welding (Multi-pass)
6 60-80 410-550 2 MAG, Rutile type, Fillet welding (Single pass)
7 70-90 480-620 3 Self-shielded, DC-EP, High welding speed
Average 20 (27) K ) "
8 80-100 550-690 Each 15 (20) 4 Self-shielded, DC-EP, High deposition rate
9 90-110 620-760 at specific temperature 5 MAG, Lime type, High impact value, Good crack resistance
depending on ) o
10 100-120 690-830 cle‘l)ssifica?ion [ Self-shielded, DC-EP, High impact value
11 110-130 760-900 7 Self-shielded, DC-EN, High deposition rate
12 120-140 830-970 8 Self-shielded, DC-EN, High deposition rate
Note (1) PWHT is required depending on classification 9 MAG, Rutile type, DC-EP, Small size: for all positions
10 Self-shielded, DC-EN, High welding speed
@: Shielding gas 11 Self-shielded, DC-EN, Good usability
(2): Welding position Suffix Designation 12 MAG, Rutile type, DC-EP, High impact value
Code | Designation M 75-80%Ar / Bal. CO, 13 Self-shielded, DC-EN, Root pass welding of pipes
0 F, H-Fil C CO, 14 Self-shielded, DC-EN, All positions, High welding speed
1 All positions None Self-shield G Not specified, For multiple-pass welding
GS Not specified, For single-pass welding
(®: Chemical composition of all-weld metal (A 5.29) Note: (1) A5.29 designates 1. 4. 5. 6. 7. 8, 11 or G only.
Suffix Type Suffix Type
A1 C-Mo steel | Ni1 [Option]
B1 Ni2 Ni steel J : Satisfies the minimum Charpy impact value 27J at -40°C
" (A5.20) or at a test temperature of 11°C lower (A5.29) than the
B1L Ni3 "
B2 specified temperature
D1 HZz : Diffusible hydrogen
B2L D2 —
B2H D8 Mn-Mo steel
B3 Suffix Diffusible hydrogen, Max.
B3L K1 ml/100g deposited metal
Cr-Mo steel | K2
B3H K3 H16 16.0
B6 Ke H8 8.0
B6L K6 Other low-alloy H4 4.0
B8 ﬁ; steels None 8.0
B8L K9 Note (1) A5.29 only
w2
G
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AWS A5.26-19917

Carbon and Low Alloy Steel Electrodes for Electrogas Welding
[ Classification system

EG (Ex] EGB0T(orS)1

EG: Designates electrogas welding electrodes
T: Designates cored electrodes
S: Designates solid electrodes

(D: Tensile strength of all-weld metal @): Impact value of all-weld metal

Code Tensile strength Code Impact value (2V Charpy)
ksi MPa Temp.°F(°C) ft-Ib(J)
6 60-80 420-550 z Not specified
7 70-95 490-650 0 0(-18) 20 (27)
8 80-100 550-690 2 -20 (-29) 20 (27)
@: Chemical composition
) Chemical composition of solid wire (%) "
1 i
Class | Suffix —¢ Mn s P si Ni Mo | Cu Ti Zr Al [ Others
0.07- 0.90- 0.30-
1 019 1ag | 0:035| 0025 | o - - 0.35 - - - 0.50
0.90- 0.40- 0.05- | 0.02- | 0.05-
2 0.07 1a0 | 0-035| 0025 | - - 035 | 515 | o012 018 0.50
0.06- 0.90- 0.45-
3 018 1ag | 0:035| 0025 | 77 - - 0.35 - - - 0.50

EGXXS 0.07- 0.90- 0.30- _ _ _ _ 0.50-

5 019 1ag | 0:035| 0025 | oo 0.35 0.90 0.50
0.06- 1.40- 0.80-

6 015 {gs | 0035| 0025 | JF - - 0.35 - - - 0.50
0.07- 1.60- 0.50- 0.40-

D2 012 510 | 0035| 0.025 | Rl 045 | Sl 0.35 - - - 0.50

G Not specified

Note : (1) Single values are maximum.
.| Shielding Chemical composition of all-weld metal of composite wires (%) "

Class. | Suffix gas c Mn P s si Ni cr Mo Cu V| Others
EG6XT 1 None @ 1.7 | 0.03| 003 | 050 | 030 | 0.20 0.35 0.35 0.08 0.50
EG7XT 1 None @ 1.7 | 0.03| 003 | 050 | 030 | 0.20 0.35 0.35 0.08 0.50
EG6XT 2 co, @ 20 | 003 | 003| 090 | 030 020 0.35 0.35 0.08 0.50
EG7XT 2 Co, @ 20 | 003 | 003 | 090 | 030| 020 | 035 0.35 0.08 0.50

) 1.0- 0.70-
EGXXT Ni1 Co, 010 | 4| 003 | 003 | 050 | L0 - 0.30 0.35 - 0.50
Ar-CO, 1.0- 0.15-| 1.5- 0.40-
EGXXT NM1 orCo, | 012 | g | 002 003 Gor| 5| 020 (el 0.35 0.05 0.50
11- 0.20-| 1.1- 0.10-
EGXXT NM2 co, 012 | 54| 003 ] 003 | ;T S| 020 oo 0.35 0.05 0.50
0.50- 0.30- | 0.40-| 0.45- 0.30-
EGXXT w co, 042 | %57 003 | 003 | ol er | o7e - 078 - 0.50
EGXXT G Not specified

Note : (1) Single values are maximum.
(2) .Composition range of carbon not specified for these classifications, but the amount shall be determined and reported.

381



AWS R5.22-1995

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

[ Classification system Chemical composition of all-weld metal (%) @ Mechanical propergf.s
of all-weld metal
E T - (Ex) E308L T 1 —1 Class. TS,Min_| EI,
c cr Ni Mo Mn| Si| P S | Cu - Min. | PWHT
R T[2] - [@] 0 R3mL T 15 | wea M
E409 0.10 | 10.5-13.5 0.60 0.5 0.80 1.0 0.04 0.03 0.5 65 450 15 None
E: Designates welding electrodes E410 0.12 | 11.0-135 0.60 0.5 1.2 1.0 | 0.04 0.03 0.5 75 520 20 (a)
R: Designates welding rods E410NiMo | 0.06 | 11.0-125 | 4.0-50 | 040070 | 1.0 | 1.0 | 004 | 003 | 05 | 110 | 760 | 15 (b)
T Designates flux-core electrodes or rods E410NiTi 0.04 | 11.0-12.0 3.6-4.5 0.5 0.70 | 0.50 | 0.03 0.03 0.5 110 760 15 (b)
E430 0.10 | 15.0-18.0 0.60 0.5 1.2 1.0 | 0.04 0.03 0.5 65 | 450 | 20 (c)
" ¥ 1.0 20 d
(D: Weld metal chemical composition and related requirements (See A5.22 for self-shielded wires) Eggz 8:18 84.60_160'95 3:23 8::2_(1):23 1; 1.0 g:g: 8:82 g:g gg 212 20 Ed;
Mechanical (Continued)
Chemical composition of all-weld metal (%) "® properties
of all-weld metal . " oy 1@ Mechanical properties
Class. (As-welded) Class. Chemical composition of all-weld metal (%) of all-weld metal @
TS, Min El, . i TS, Min___EL., Min
c cr Ni Mo | Cb+Ta| Mn | Si | P | S | Cu [ [0 Min. ¢l ¢ N Mo | Mn | ST P ]S N[ Cu i [ mPa (%) | TWHT
(%) E2209 0.04 [21.0-24.0| 7.5-10.0 | 2.5-4.0 | 0.520 | 1.0 | 0.04 | 0.03 |0.08-0.20| 0.5 | 100 | 690 | 20 None
E307 0.13 18.0-20.5 9.0-10.5 0.5-1.5 - 3.30-4.75| 1.0 0.04 0.03 0.5 85 590 30 E2553 0.04 [24.0-27.0| 8.5-10.5 | 2.9-3.9 | 0.5-1.5 | 0.75 | 0.04 | 0.03 |0.10-0.20{1.5-2.5| 110 760 15 None
E308 0.08 18.0-21.0 | 9.0-11.0 0.5 - 0525 | 10 | 004 | 003 | 05 80 | 550 | 35 . .
E308H  |0.04-0.08| 18.0-21.0 | 9.0-11.0 | 05 - | o0525| 10 | 004 | 003 | 05 | 80 | 550 | 35 Note: (1) Single values are maximum.
E308L 0.04 18.0-21.0 | 9.0-11.0 05 - 0525 | 10 | 004 | 003 | 05 75 | 520 | 35 (2) The total of other elements, except iron, shall not present in excess of 0.5%.
E308Mo 0.08 18.0-21.0 | 9.0-11.0 | 2.0-3.0 - 0525 | 1.0 | 004 | 003 | 05 80 | 550 | 35 (3) All-weld-metal mechanical properties are obtained after the following PWHT:
E308LMo | 004 | 180-21.0 | 9.0-12.0 | 20-3.0 - 0525 | 1.0 1004 | 003 | 05 | 75 | 520 | 35 a: Heated to 1350 to 1400°F (732 to 760°C), held for 1 hour, then furnace cooled to 600°F (315°C) at a
E309 010 | 22.0-250 | 12.0-14.0 | 05 - 0525 | 10 | 004 | 003 | 05 | 80 | 550 | 30 rate not to exceed 100°F (55°C) per hour, then cooled in air to room temperature.
Egggth g:gi ;igi:g 12:8:12:3 8:: 0‘70:1‘00 g:i: 1:8 g:g: g:gg g:: ;: 2;8 28 b: Heated to 1100 to 1150°F (593 to 621°C), held for 1 hour, then cooled in air to room temperature.
E309Mo 0.12 21.0-25.0 | 12.0-16.0 | 2.0-3.0 - 0525 | 1.0 | 004 | 003 | 05 80 550 | 25 c: Heated to 1400 to 1450°F (760 to 788°C), held for 4 hours, then furnace cooled to 1100°F (593°C) at a
E309LMo 0.04 21.0-25.0 | 12.0-16.0 | 2.0-3.0 - 0525 | 1.0 | 004 | 003 | 05 75 | 520 | 25 rate not to exceed 100°F (55°C) per hour, then cooled in air to room temperature.
E309LNiMo| 0.04 20.5-235 | 15.0-17.0 | 2.5-35 R 0525 | 1.0 | 0.04 | 0.03 05 75 520 25 d: Heated to 1550 to 1600°F (840 to 870°C), held for 2 hours, then furnace cooled to 1100°F (595°C) at a
E310 0.20 25.0-28.0 | 20.0-22.5 05 - 1025 | 10 | 003 | 003 | 05 80 550 30 rate not to exceed 100°F (55°C) per hour, then cool in air to room temperature.
E312 0.15 | 28.0-32.0 | 8.0-10.5 0.5 - 0525 | 10 | 004 | 003 | 05 95 | 660 | 22
E316 0.08 | 17.0-20.0 | 11.0-14.0 | 2.0-3.0 - 0525 | 10 | 004 | 003 | 05 | 75 | 520 | 30 @ Position of welding
E316L 0.04 17.0-20.0 | 11.0-14.0 | 2.0-3.0 - 0525 | 10 | 004 | 003 | 05 70 | 485 | 30 Code Welding position
E317L 0.04 18.0-21.0 | 12.0-14.0 | 3.0-4.0 - 0.5-2.5 1.0 0.04 0.03 0.5 75 520 20 0 Flat and horizontal
E347 0.08 18.0-21.0 9.0-11.0 0.5 8xC-1.00| 0.5-2.5 1.0 0.04 0.03 0.5 75 520 30 1 Al positions
R308L 0.03 18.0-21.0 | 9.0-11.0 0.5 - 0525 | 12 | 004 | 003 | 05 75 | 520 | 35
R309L 0.03 22.0-25.0 | 12.0-14.0 0.5 - 0.5-2.5 12 0.04 0.03 0.5 75 520 30
R316L 0.03 17.0-20.0 | 11.0-14.0 | 2.0-3.0 - 0525 | 12 | 004 | 003 | 05 70 | 485 | 30 Lo i .
R347 0.08 | 18.021.0 | 9.0-11.0 | 05 |8xc-1.00] 0525 | 1.2 | 0.04 | 003 | 05 | 75 | 520 | 30 @ External shielding medium and related requirements
(Continued) Code External shielding Welding Welding
medium polarity process
1 CO, DC-EP FCAW
3 None (self-shielded) DC-EP FCAW
4 75-80%Ar/bal. CO, DC-EP FCAW
5 100%Argon DC-EN GTAW
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AWS A5.34-2007

Nickel-Alloy Electrodes for Flux Cored Arc Welding

[ Classification system

ENi T[@] - (Ex) ENiCr3TO —4
TN - (Ex) TNi6082 —04

E: Designates welding electrodes

T: Designates tubular or flux-cored electrodes @ Welding position

Code Welding position
(D: Weld metal chemical and mechanical requirements 0 Flat and horizontal
Classification Chemical composition of all-weld metal (%) '@ 1 All positions
Tradi- | 1SO c Mn Fe P s si Cu Ni® | co Ti
tional | format
cr3 6082 | 010 | 2535 | 30 003 | 0015 | 050 050 |67.0min.| (5 0.75 (3 _Shielding gas
CrFel 6062 0.08 3.5 11.0 0.03 0.015 0.75 0.50 62.0 min. - - Code External shielding medium
CrFe2 6133 010 | 1.035 | 120 0.03 0.02 075 050 |620min.| ) - ] co,
CrFe3 6182 010 | 5095 | 100 0.03 0.015 1.0 050 |59.0min.| ) 1.0
CrMo2 6002 [0.05-015| 1.0 [17.0-20.0| 0.04 0.03 1.0 0.50 Bal |050-250| - 3 None (self-shielded)
CrMo3 6625 0.10 0.5 5.0¢ 0.02 0.015 0.50 0.50 | 58.0min. () 0.40 4 75-80%Ar/bal. CO,
CrMo4 6276 0.02 1.0 4070 | 003 0.03 0.2 0.50 Bal 25 -
CrMo10 | 6022 0.02 1.0 2060 | 0.03 0.015 0.2 0.50 Bal 25 -
CrCoMo1 | 6117 |0.05-0.15| 0.3-25 5.0 0.03 0.015 0.75 0.50 Bal | 9.0-15.0 -

(D: Weld metal chemical and mechanical requirements (Continued)

Classificati Chemical composition of Mechanical properties of
assfiication all-weld metal (%) V@ all-weld metal
Tradi- | 1SO Nb(Cb)+ TS, Min EL, Min.
tional | format Cr Ta® Mo v w Ksi 9
si MPa (%)

cr3 6082 |18.0-22.0 | 2.0-3.0 - - - 80 550 25
CrFet 6062 |13.0-17.0 | 1.5-4.0 - - - 80 550 25
CrFe2 6133 13.0-17.0 | 0.5-3.0 0.5-2.5 - - 80 550 25
CrFe3 6182 |13.0-17.0 | 1.0-25 - - - 80 550 25
CrMo2 6002 | 20.5-23.0 - 8.0-10.0 - 0.2-1.0 90 620 25
CrMo3 6625 |20.0-23.0 | 3.15-4.15 | 8.0-10.0 - - 100 690 25
CrMo4 6276 14.5-16.5 - 15.0-17.0 0.35 3.0-4.5 100 690 25
CrMo10 6022 20.0-22.5 - 12.5-14.5 0.35 2.5-35 100 690 25
CrCoMo1 | 6117 |210-260| 10 | 8.0-100 - - 90 620 25

(1) Single values are maximum.

(2) The total of other elements shall not present in excess of 0.50%.
(3) Includes residual cobalt.

(4) Iron is 1.0 maximum when specified.

(5) Cobalt is 0.10 Maximum when specified.

(6) Tantalum is 0.30 maximum when specified.

(7) As-welded condition.
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Covered electrodes for manual metal arc welding of non-alloy and fine grain steels

[ Classification (System A)

EN 150 2560-AE [ O |

(ExJ ENISO2560-A-E46 3 1INi B 5 4 H5

E: Designates covered electrodes for manual metal arc welding
(D: All-weld metal yield strength and related requirements

Yield strength or Tensile strength Elongation
0.2% offset (L=5D)

Code strength, Min. Min.
(N/mm?) (N/mm?) (%)
35 355 440-570 22
38 380 470-600 20
42 420 500-640 20
46 460 530-680 20
50 500 560-720 18

@: Impact value of all-weld metal @: Chemical composition of all-weld metal

@: Type of covering

EN1S0 2560:2005

(®: Weld metal recovery and type of current (Option)

Code Type of electrode covering Code Weld me:;l))recovery Type of current
A Acid covering 1 =105 AC, DC
C Cellulose covering 2 =105 DC
R Rutile covering 3 >105=125 AC, DC
RR Rutile thick covering 4 >105=125 DC
RC Rutile-cellulosic covering 5 >125=160 AC, DC
RA Rutile-acid covering 6 >125=160 DC
RB Rutile-basic covering 7 >160 AC, DC
B Basic covering 8 >160 DC

©: Welding position (Option)

(@: Diffusible hydrogen (Option)

Test Impact absorbed Chemical composition " (%)
temp. energy
Code Min Code
) Mn Mo Ni
(°c) )
z Not required No symbol 2.0 — —
A +20 Mo 1.4 0.3-0.6 —
0 0 MnMo >1.4-2.0 0.3-0.6 —
2 -20 1Ni 1.4 — 0.6-1.2
Average 47
3 -30 2Ni 1.4 — 1.8-2.6
4 -40 3Ni 1.4 — >2.6-3.8
5 -50 Mn1Ni >1.4-2.0 — 0.6-1.2
6 -60 1NiMo 1.4 0.3-0.6 0.6-1.2
Y4 Other elements as agreed

Note: (1) Single values are maximums.
If not specified, M0<0.2%, Ni<0.3%,
Cr<0.2%, V<0.05%, Nb<0.05%,
Cu<0.3%
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Diffusible hydrogen, Max.

Code Designation Code mlI/100g all-weld metal
1 All positions H5 5
2 All positions except vertical down H10 10
Flat butt , flat fillet and
8 Horizontal-vertical fillet H15 5
4 Flat butt and fillet
5 Vertical-down and those specified in

the code 3
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EN1S0 17632:2008

Tubular Cored Electrodes for Gas Shielded or Self-Shielded Metal Arc Welding of Non-Alloy and
Fine-Grain Steels

[ Classification (System A)

eniso es2a-1 [0 [2] (@] 1 Type of core
. Type of Shielding
[ExJ ENISO17632-A-T 46 3 INi B M 4 H5 Code Features welding gas
. . Rutile,
T: Designates tubular cored electrodes for metal arc welding R Slow-freezing
D: Yield strength and related requirements SRk:ﬁl o Single pass
(a) Multiple-layer welding: (b) Single pass welding: =] Fast-f;'eezing slag| o multiple Required
Yield strength of all-weld metal Yield strength of weld joint Basi pass
Yield Tensile Elongation i i B asic
strength or strength (L=5D) Yield strength of Tensile M Metal powder
0.2% offset Min. base metal strength of Rutile or basic )
Code strength Code Min. weld_jomt \Y, /Fluorides Single pass
Min. Min.
(N/mm?) (N/mm?) (%) , . Basic,/Fluorides, ©: Welding position (Option)
N/mm N/mm w Slow-freezi ) i
v 355 440570 2 ( ) ( ) slgg\;N reezing Single pass Not required Code Designation
38 380 470~600 20 3T 355 470 Basic, Fluorides g;g“"'p'e 1 All positions
42 420 500~640 20 aT 420 520 Y Fast-freezing slag 2 All positions except vertical
downward
46 460 530~680 20 5T 500 600 Z Other types 3 Flat butt and fillet,
50 500 560~720 18 Horizontal fillet
®: Shielding gas 4 Flat butt and fillet
@: Impact value of all-weld metal or weld joint (3: Chemical composition of all-weld metal Code Designation \slsgé(i:f?;d (ijr:)mr;wcaorge ;nd those
Test Impact absorbed Chemical composition " (%)
Code temp. energy Code Gas mixtures - _
) Mn Ni Mo ases specified as per . : Diffusible hydrogen (Option
. M"," M G ified as M2 EN 439 @: Diffusible hyd (Option)
(C) ) excepting He) Diffusible hydrogen,
z Not ) 20 ) ) Code Max.
required ) c co, ml/100g deposited metal
A +20 Mo 1.4 - 0.3-0.6 (Gases specified as C1 per EN 439) H5 5
H10 10
MnM A4~2, - .3-0.
0 0 o 14>20 0.3-06 N | Selfshielded H15 15
2 -20 Average 47 1Ni 1.4 0.6-1.2 -
3 -30 1.5Ni 1.6 1.2-1.8 -
4 -40 2Ni 1.4 1.8-2.6 -
5 -50 3Ni 1.4 2.6-3.8 -
6 -60 Mn1Ni 1.4~2.0 0.6-1.2 -
1NiMo 1.4 0.6-1.2 0.3-0.6
Y4 Other elements as agreed

Note: (1) Single values are maximum.
Where no specification, M0<0.2%,
Ni<0.5%, Cr<0.2%, V<0.08%,
Nb<0.05%, Cu<0.3%, and for
self-shielded wires, Al<2.0%
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EN1S0 18276:2006 EN1S0 17634:2006

Tubular cored electrodes for gas-shielded and non-gas shielded metal arc welding of Tubular cored electrodes for gas shielded metal arc welding of creep-resisting steels
high-strength steels
[ Classification (System A)

[ Classification (System A) EN ISO 17634-A-T (ExJ ENISO 17634-A-T CrMo1 B M 4 H5
EN SO 18276-A- T

X T: Designates tubular cored electrodes for gas shielded metal arc welding
(Ex.] EN SO 18276-A-T 555 Mn1.5NiBM 4 HS T (D: Chemical composition and mechanical properties

T: Designates tubular cored electrodes for gas-shielded and non-gas shielded metal arc welding of all-weld metal @): Type of flux ®): Shielding gas
(D: All-weld metal yield strength and related requirements (2: Impact value of all-weld metal Chemical composition of all-weld metal Code Features Code Designation
Yield point or Tensile Elongation hemical
0.2% offset strength (L=5D) Absorbed_energy of 474, C erf:!ca o, Rutile, i
Code strength, Min. Code Three-specimen average, Code composition (%) R Slow-freezing slag Gas mixtures
(N/mm?) (NImm?) (%) Test temp. (°C) cr Mo % M (Gaszs',\‘ sg:;ified as tM2
per , excepting
55 550 640-820 18 5 Not specified Mo - 0.40-0.65 - b | Rutle, He)
62 620 700-890 18 A +20 Mol - 0.40-0.65 - Fast-freezing slag
0 0

69 690 770-940 17 2 20 MoV 0.30-0.60 | 0.50-0.80 | 0.25-0.45 B | Basic c | CO. (Gases specified as

79 790 880-1080 16 :’; -ig CrMot 0.90-1.40 | 0.40-0.65 - M | Metal powder C1 per EN 439)

89 890 940-1180 15 5 -50 CrMo1L 0.90-1.40 0.40-0.65 - z Other types

6 -60 CrMo2 2.00-2.50 | 0.90-1.30 - ®: Diffusible hydrogen (Option)
Note: (1) %’:eh I‘;ah'gf can be lower than 47J but shall be 32J CrMozL 2.00-2.50 | 0.90-1.30 - @: Welding position (Opt.) Diffusible hydrogen,

- - ax.
(3): Chemical composition of all-weld metal @: Type of flux CrMo5 4.00-6.00 | 0.40-0.70 B Code Designation Code ml/100g deposited

Chemical composition (%) " Code Features 4 Elements as agreed 1 All positions metal

Code All positions except
Mn N cc | Mo R | Rutile, Slow-freezing slag 2 ; H5 5
vertical downward

z Elements as agreed P Rutile, Fast-freezing slag 5 Flat butt and fillet, H10 10

MnMo 1.4-2.0 - - 0.3-0.6 B Basic Horizontal fillet

Mn1Ni 1.4-2.0 0.6-1.2 - - M Metal powder 4 Flat butt and fillet

Mn1, 5Ni 1.1-1.8 1.3-1.8 - - z Others

Vertical d d

Mn2, 5Ni 1.1-2.0 2.1-3.0 - - 5 | oot tiose i ot 3

1NiMo 1.4 0.6-1.2 - 0.3-0.6 (®): Shielding gas

1, 5NiMo 1.4 1.2-1.8 - 0.3-0.7 Code Designation Mechanical properties of all-weld metal

2NiMo 14 1.8-2.6 - 0.3-0.7 M Gas mixtures Proof Tensile Elongatio Absorbed energy Kv (J) Heat tr 1t of all-weld metal

_ strength, strength, n +20°C
Mn1NiMo 1.4-2.0 0.6-1.2 - 0.3-0.7 o] CO, Min. Min. (L=5D) Preheat PWHT
Mn2NiMo 1.4-2.0 1.8-2.6 - 0.3-0.7 Code Rp0.2 Rm Min. Average of | Single value, | and Temp. @ Time
- A three values, Min. interpass
Mn2NiCrMo 1.4-2.0 1.8-2.6 0.3-0.6 0.3-0.6 " tem
, , Min. p-

Mn2Ni1CrMo 1.4-2.0 1.8-2.6 0.6-1.0 0.3-0.6 (N/mm®) (N/mm?®) (%) ) ) (°C) (°C) (min)
Note: (1) Single values are maximum. Mo/MoL 355 510 22 47 38 <200 570-620 60+10
(©: Welding position (D: Diffusible hydrogen MoV 355 510 18 47 38 200-300 690-730 60+10

Code Designation Code Diffusible hydrogen, Max. CrMo1 355 510 20 47 38 150-250 660-700 60+10
1 All positions ml/100g deposited metal CrMoL 355 510 20 47 38 150-250 | 660-700 6010
2 All positions except vertical downward H5 5 CrMo2 400 500 18 47 38 200-300 690-750 60410
3 Flat butt and fillet, Horizontal fllet H10 10 CrMo2L 400 500 18 47 38 200-300 | 690-750 | 60+10
4 Flat butt and fillet CrMo5 400 590 17 47 38 200-300 730-760 60£10
5 Vertical downward and those in Code 3 z Mechanical properties as agreed

Note (1) Cooling speed: 200°C/1h max. to 300°C by FC
®: Heat treatment: T: 560-600°C X 1h, FC to 300°C for mechanical tests of all-weld metal
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Alphabetical Index for Welding Consumables

Note : = (HT): For 550-590MPa HT steel
* (HR): For heat-resistant low-alloy steel
= SAW flux-wire combinations can be accessed from either flux or wire.

B
IB-10 46
IB-14 32
B-17 46
-33 46
(%
CI-A1 290
CI-A2 290
CI-A3 290
CI-A5 290
174
km-9 168
-95B9 170
170
CM-9Cb 169
CM-A106 164
. 166
M-A106HD 167
165
165
172
162
163
163
CM-B105 172
CM-B108 172
CM-B95 172
CM-B98 172
CR-12S 171
R-40 224
CR-40Cb 224
CR-43 225
CR-43Cb 225
CR-43CbS 225
D
Ew-mo 52
W-100E 53
W-200 60
pw-2101 250

IDW-308
DW-308H
DW-308L
DW-308LH
DW-308LP
DW-308LT
DW-309
|IDW-309L
DW-309LH
DW-309LP
DW OON
09 O
DW-310
DW-312
IDW-316
DW-316H
pwW-316L
DW-316LH
IDW-316LP
DW-316LT
DW-317L
DW-329A
pw-329AP
pw-347
DPW-347H
pw-50
DW-50LSR
Ipw-50W
DW-55E
IDW-55L
|DW-55LSR
IDW-588
DW-62L
IDW-A50
bw-A51B
IDW-A55E
DW-A55ESR
DW-A55L
IDW-A55LSR
DW-A62L
IDW-A65L
DW-A81Ni1
W-HT1
PW-H16
[pw-H250
DW-H30

230
244
231
244
232
248
233
234
244
235
236
237
248
248
238
246
239
246
240
250
250
241
242
250
246

55
120

88
118
122
124

88
126

54

60
119
132
123
125
127
128
121
280
280
278
280

|DW-H30MV 280
DW-H350 278
DW-H450 278
DW-H600 278
DW-H700 278
DW-H800 278
DW-N625 304
[DW-N625M| 304
DW-N70 302
8 302
IDW-NC276 304
320
320
320

F
|FA-B1 318

G
$-50/US-36 72
G-50/US-H250N] 282
G-50/US-H350N 282
G-50/US-H400N 282
G-50/US-H450N 282
|G-50/US-H500N 284
|G-60/US-36 73
[G-80/US-36 78

H
HF-11 276
HF-12 276
HF-13 276
HE-16 276
HF-240 270
HF-260 270
IHF-30 276
HF-330) 270
HE-350 270
F-450 272
HF-500 272
HF-600 272
E-650 272
HF-700 274

HF-800K 274

HF-950 274

KOBE-6010 40

KOBE-7010S 41

[KOBE-7024 39
KOBE-8010S 42
[KL-4 320

L

LB-106 116

LB-116 116

|LB-116 324
|LB-26 48
LB-52 34
ILB-52-18 36
ILB-52A 48
[LB-52LT-18 104
ILB-52NS 109
[LB-52RC 38
ILB-52T 48

LB-52U 35

LB-57 48

ILB-62 106
ILB-62D 116

ILB-62L 111
LB-62U 108

LB-62UL 107

LB-65L 116

[B-67L 112

LB-70L 113

ILB-76 48

|LB-7018-1 104

LB-78VS 43

LB-80EM 324

lLB-soL 114

ILB-80UL 116
ILB-88LT 115
|5.0avs) "

45

LB-W52 86

LB-W52B 86

LB-W588 86

|LB-W62G 86
LT-B50 50
LT-B52A 50

M
ME-L34 300
MF-1R 314
MF-27/US-56B 202
MF-29A/US-511 204
MF-29A/US-521 204
MF-30/US-H550N 284
MF-30/US-H600N 284
MF-300/US-36 76
MF-33H/US-36 322
MF-33H/US-49 322
MF-33H/US-49A 322
MF-38/US-36 74
MF-38/US-36 318
MF-38/US-40 (HT) 147
MF-38/US-40 (HR) 193
MF-38/US-49 (HT) 144
MF-38/US-49 (HT) 318
MF-38/US-49 (HR) 190
MF-38/US-49A 152
MF-38/US-A4 (HT) 146
MF-38/US-A4 (HR) 192
MF-38/US-W52B 92
MF-38/US-W62B 94
MF-38A/US-W52B 92
MF-53/US-36 78
MF-53/US-W52B 92
MF-63/US-W62B 94
MG-50 64
MG-50T 66
MG-51T 65
MG-60 134
MG-70 134
MG-80 136
MG-S1CM 176
MG-S1N 138
MG-S2CM 176
MG-S308 254
MG-S308LS 254
MG-S309 254
MG-S309LS 254

MG-S316LS 254
MG-S3N 138
MG-S50 66
MG-S50LT 138
MG-S56 176
MG-S5CM 178
MG-S63B 134
MG-S70 134
MG-S70NCb 306
MG-S80 136
MG-S88A 136
MG-S9Cb 178
MG-S9CM 178
MG-SM 176
MG-W50TB 90
MIX-50 66
MIX-508 66
MX-100 62
MX-100T 59
MX-200 56
MX-200E 57
MX-200H 62
MX-55LF 132
MX-A100 58
MX-A135N 252
MX-A200 62
MX-A410NM 252
MX-A430M 252
MX-A55Ni1 129
MX-A55T 132
MX-A80L 130
NB-1SJ 110
NB-3J 116
NC-316MF 228
NC-317L 226
NC-329M 228
NC-36 222
NC-36L 223
NC-36LT 226
NC-37 228
NC-37L 228
NC-38 216
NC-38H 218



NC-38L 217
NC-38LT 226
NC-39 219
NC-39L 220
NC-39MoL 221
NI-C1S 298
NI-C625 300
NI-C703D 300
NI-C70A 300
NI-C70S 298
NO4051 262
NO65G 70
P
PF-200/US-511N 194
PF-200/US-521S 196
PF-200/US-56B 202
PF-200D/US-511ND 195
PF-200D/US-521S 197
PF-200S/US-502 204
PF-200S/US-9Cb 200
PF-500/US-521H 198
PF-500D/US-521HD 199
PF-90B9/US-90B9 201
PF-H203/US-203E 152
PF-H45/US-43 78
PF-H55AS/US-36J 151
PF-H55E/US-36 80
PF-H55E/US-36 316
PF-H55LT/US-36 150
PF-H80AK/US-80BN 152
PF-H80AK/US-80LT 148
PF-H80AS/US-80LT 149
PF-150/US-43 314
PF-I50R 314
PF-152E/US-36 318
PF-I55E/US-36 314
PF-N3/US-709S 310
PF-N4/US-709S 310
R
RB-26 33
RF-1 316
RR-2 318

T U
TG-S1CM 180 US-203E/PF-H203 152
TG-S1CML 180 US-36/G-50 72
TG-S12CRS 188 US-36/G-60 73
TG-SIN 142 US-36/G-80 78
TG-S2CM 182 US-36/MF-300 76
TG-S2CMH 184 US-36/MF-33H 322
TG-S2CML 182 US-36/MF-38 74
TG-S2CW 188 US-36/MF-38 318
TG-S308 260 US-36/MF-53 78
TG-S308L 260 US-36/PF-H55E 80
TG-S309 260 US-36/PF-H55E 316
TG-S309L 260 US-36/PF-H55LT 150
TG-S309MoL 260 US-36/PF-I52E 318
TG-S310MF 262 US-36/PF-I55E 314
TG-S316 260 US-36J/PF-H55AS 151
TG-S316L 260 US-40/MF-38 (HT) 147
TG-S317L 262 US-40/MF-38 (HR) 193
TG-S329M 262 US-43/PF-H45 78
TG-S347 262 US-43/PF-150 314
TG-S3N 142 US-49/MF-33H 322
TG-S410 262 US-49/MF-38 (HT) 144
TG-S410Cb 262 US-49/MF-38 (HT) 318
TG-S50 68 US-49/MF-38 (HR) 190
TG-S51T 69 US-49A/MF-33H 322
TG-S56 188 US-49A/MF-38 152
TG-S63S 188 US-502/PF-200S 204
TG-S5CM 188 US-511/MF-29A 204
TG-S60A 140 US-511N/PF-200 194
TG-S62 140 US-511ND/PF-200D 195
TG-S709S 308 US-521/MF-29A 204
TG-S70NCb 308 US-521H/PF-500 198
TG-S80AM 140 US-521HD/PF-500D 199
TG-S80B2 181 US-521S/PF-200 196
TG-S90B3 183 US-521S/PF-200D 197
TG-S90B9 187 US-56B/MF-27 202
TG-S9Cb 186 US-56B/PF-200 202
TG-S9CM 185 US-709S/PF-N3 310
TG-SM 188 US-709S/PF-N4 310
TG-SN625 308 US-80BN/PF-H80AK 152
TG-X308L 256 US-80LT/PF-H80AK 148
TG-X309L 257 US-80LT/PF-H80AS 149
TG-X316L 258 US-90B9/PF-90B9 201
TG-X347 259 US-9Cb/PF-200S 200

US-A4/MF-38 (HT) 146

US-A4/MF-38 (HR) 192
US-H250N/G-50 282
US-H350N/G-50 282
US-H400N/G-50 282
US-H450N/G-50 282
US-H500N/G-50 284
US-H550N/MF-30 284
US-HB600N/MF-30 284
US-W52B/MF-38 92
US-W52B/MF-38A 92
US-W52B/MF-53 92
US-W62B/MF-38 94
US-W62B/MF-63 94
z
Z-44 46



KOBELCO

Global Manufacturing and Sales Bases

JAPAN

KOBE STEEL, LTD.

WELDING COMPANY, International Operations Dept.
9-12, Kita-Shinagawa 5-chome, Shinagawa-ku,
Tokyo, 141-8688 Japan

Tel: (81) 3-5739-6331, Fax: (81 ) 3-5739-6960

EUROPE

KOBELCO WELDING OF EUROPE B.V.
Eisterweg 8, 6422 PN, Heerlen, The Netherlands
Tel: (31) 45-547-1111 Fax: (31) 45-547-1100
USA

KOBELCO WELDING OF AMERICA INC.
HOUSTON HEAD OFFICE

4755 Alpine, Suite, 250, Stafford, Texas 77477, USA
Tel: (1) 281 240-5600, Fax: (1) 281 240-5625
KOREA

KOBE WELDING OF KOREA CO., LTD.

21-14, Palryong-Dong, Changwon, Kyongnam,
Republic of Korea

Tel: (82) 55-292-6886, Fax: (82) 55-292-7786
CHINA

KOBE WELDING OF TANGSHAN CO., LTD.

196, Huoju Road, Tangshan, New & Hi-Tech Development Zone,

Tangshan, Hebel, P. R. China, 063020
Tel: (86) 315-385-2806, Fax: (86) 315-385-2829

SINGAPORE

KOBE WELDING (SINGAPORE) PTE. LTD.
20, Pandan Avenue, Jurong, Singapore 609387,
Republic of Singapore

Tel: (65) 6268-2711, Fax: (65) 6264-1751

THAILAND

THAI-KOBE WELDING CO., LTD.

500, Moo 4 Soi 1, Bangpoo Industrial Estate, Sukhumvit
Road, Praeksa, Muang Samutprakarn 10280, Thailand
Tel: (66) 2-324-0588 up to 91, Fax: (66) 2-324-0797

KOBE MIG WIRE (THAILAND) CO., LTD.

491, Moo 4 Soi 1, Bangpoo Industrial Estate, Sukhumvit
Road, Praeksa, Muang Samutprakarn 10280, Thailand
Tel: (66) 2-324-0588 up to 91, Fax: (66) 2-324-0797

MALAYSIA

KOBE WELDING (MALAYSIA) SDN. BHD.

Plot 502, Jalan Perusahaan Baru, Kawasan Perusahaan
Prai, 13600 Prai, Malaysia

Tel: (60) 4-3905792, Fax: (60) 4-3905827

INDONESIA

PT. INTAN PERTIWI INDUSTRI
(Technically-Collaborated Company)

Jalan P Jayakarta 45, Block A/27, Jakarta 11110,
Indonesia

Tel: (62) 21-639-2608, Fax: (62) 21-649-6081
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