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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document provides a classification system for tubular cored electrodes and rods for welding stainless
and heat resisting steels.

It recognizes that there are two somewhat different approaches in the global market to classifying a given
tubular stainless steel welding consumable, and allows for either or both to be used, to suit a particular
market need. Application of either type of classification designation (or of both, where suitable) identifies a
product as classified in accordance with this document. The classification in accordance with system A was
mainly based on EN 12073:1999 which has been withdrawn and replaced by this standard. The classification
in accordance with system B is mainly based upon standards used around the Pacific Rim.

© IS0 2025 - All rights reserved
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Welding consumables — Tubular cored electrodes and rods
for gas shielded and non-gas shielded metal arc welding of
stainless and heat-resisting steels — Classification

1 Scope
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b) Clause
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9

hent specifies requirements for classification of tubular flux and metal cored electrode
he all-weld metal chemical composition, the type of core, shielding gas, welding posit
ptal mechanical properties, in the as-welded or heat-treated conditions, for gas‘shieldd
d metal arc welding of stainless and heat-resisting steels.

hent is a combined standard providing for classification utilizing a system based up
n or utilizing a system based upon alloy type.

S, subclauses, and tables which carry the suffix “System A” are“applicable only t
ed using the system based upon nominal composition.

S, subclauses, and tables which carry the suffix “System/B” are applicable only t
ed using the system based upon alloy type.

5, subclauses, and tables which do not have either the suffix “System A” or “Syst
ible to all products classified in accordance with'this document.
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[SO 14175,
ISO 14344,

Welding consumables — Gases and gas mixtures for fusion welding and allied processes

Welding consumables — Procurement of filler materials and fluxes

[SO 15792-1:2020, Welding consumables — Test methods — Part 1: Preparation of all-weld metal test pieces

and specim

ISO 80000-

3 Term

No terms a

ens in steel, nickel and nickel alloys

1:2022, Quantities and units — Part 1: General

s and definitions

nd definitions are listed in this document.
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

4 C(Classification

4.1 General

Classification designations are based upon two approaches to indicate the chemical composition of the all-
weld metal deposit obtained with a given electrode or rod.

The “nomi
of certain
other elem
tradition-b
characters

This claus
type of cor

In most caq
designatio

4.2 C(Clas

hal composition” approach uses designation components indicating directly the m6

ased three- or four-digit designations for alloy families, and an occasional additional ¢
for compositional modifications of each original alloy within the family.

e includes the symbols for the type of product, the chemical compésition of all-weld

s can be used for the product.

sification systems

Each classification system, A and B, is split into five parts as(given in Table 1.

Table 1 — Parts of the classification systems, A and B

e, the shielding gas and the welding position, in accordance with thé’symbols defined i

es,a given commercial product can be classified in both systems:-Then either or both clg

nEnal levels

hlloying elements, given in a particular order, and some symbols for low but sighificant levels of
ents, whose levels are not conveniently expressed as integers. The “alloy type” app|

roach uses
haracter or

metal, the
in Clause 5.

issification

Part of Classification system
classification System A System B
designatjon Classification according to nominal composition Classification according to alloy|type
1 symbol indicating the product to be identified (see symbol indicating the tubular cored eleftrode and
5:2); rod (see 5.2);

symbol indicating the,chemical composition of the symbol indicating the chemical composftion of the

2 all-weld metal all-weld metal
(see Table 2); (see Table 3 to Table 6);
3 symbol indicating the type of core (see Table 9); symbol indicating the type of core (see|Table 10);
4 symbol indicating the shielding gas (see 5.5);
5 symbol indicating the welding position (see Table 11).
The full identification (see Clause 10 and examples in Clause 11) shall be used on packages [and in the

manufactulrer's literature and data sheets.

5 Symbols and requirements

5.1 General

A given tubular cored electrode may be classified with more than one shielding gas. In such cases, each

shielding g

as results in a separate classification.

© IS0 2025 - All rights reserved
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5.2 Symbol for the product

5.2.1 (Classification according to nominal composition - System A

The symbol for tubular cored product used in the metal arc welding process shall be the letter “T”.

5.2.2 (Classification according to alloy type - System B

The symbol for tubular cored product used in the metal arc welding process shall be the letters “TS”. The
initial letter, where:

a) T indicates tubular cored electrode or rod as distinguished from covered electrodes and from solid
electr dec and rr\r"c;

b) Sindidates that the alloy system is stainless or heat-resisting steel.
5.3 Sympol for the chemical composition of all-weld metal

5.3.1 Clgssification according to nominal composition - System A

The symbadls in Table 2 identify the chemical composition of all-weld metal‘determined in accorflance with
Clause 7.

The all-we|d metal obtained with the tubular cored product in Table 2'under conditions given |n Clause 6
shall also fulfil the requirements given in Table 7. (See Annex A.)

5.3.2 Clgssification according to alloy type - System B

The symbgls in Table 3 identify the chemical composition of all-weld metal for gas shielded |flux cored
electrodes|determined in accordance with Clause 7.

The symbals in Table 4 identify the chemical compeosition of all-weld metal for non-gas shielded| flux cored
electrodes|determined in accordance with Clause 7.

The symbgls in Table 5 identify the chemieal composition of all-weld metal for gas shielded npetal cored
electrodes|determined in accordance with‘Clause 7.

The symbgls in Table 6 identify the“chemical composition of all-weld metal for cored produfts for gas
tungsten afc welding determinedhin accordance with Clause 7.

The all-weld metal obtained,with the tubular cored electrodes and rods in Table 3, Table 4, Tlable 5 and
Table 6 undler conditionségiyen in Clause 6 shall also fulfil the requirements given in Table 8. (See[Annex A.).

© IS0 2025 - All rights reserved
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Table 7 — Tensile properties of all-weld metal - Classification according to nominal composition -

System A
Allov desienation Minimum pl:‘oof Minimum telilsile Minimum
acycordiglg to st;engt str;ngt elongation® h Post-weld
nominal composition p0,2 m eat treatment
MPa MPa %
13 250 450 15 b
13 Ti 250 450 15 b
134 500 750 15 ¢
1682 320 510 25 None
17 300 450 15
1p9L 320 510 30
199 Nb 350 550 25
19123 L 320 510 25
19 123 Nb 350 550 25
19134NL 350 550 25
199 H 350 550 30
2293 NL 450 550 20
1816 5N L 300 480 25
188 Mn 350 500 25
18 9\Mn Mo 350 500 25
20103 400 620 20
2025(5CuNL 320 510 25 Nopne
2110N 350 560 30
23|7NL 450 570 20
2312L 320 510 25
23[12 Nb 350 550 25
23122 L 350 550 25
299 450 650 15
2212H 350 550 25
265 20 350 550 20
254 450 650 15
2594 CuNL 550 620 18
2594 NL 550 620 18
Z Not specified
a2 Gauge ldngthisiequal to five times the test specimen diameter.
b The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall b¢ heated to a

¢ The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall be heated to a
temperature between 580 °C and 620 °C, held for 2 h, then cooled in air.

d  The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall be heated to a
temperature between 760 °C and 790 °C, held for 2 h, then furnace cooled to 600 °C, then cooled in air.
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Table 8 — Tensile properties of all-weld metal - Classification according to alloy type - System B

Alloy designation Minimum tensile strength Minimum
I elon ationa POSt-Weld
according to & heat treatment
alloy type MPa %
307 590 25
308 550 25
308L 520 25
308H 550 25
308Mo 550 25
308LMo 520 25
308HMo 550 25
J08N 690 20
309 550 25
309L 520 25
309H 550 25
3P9Mo 550 15
309LMo 520 15
309LNiMo 520 15 None
3(9LNb 520 25
310 550 25
312 660 15
316 520 25
316L 485 25
316H 520 25
316LCu 485 25
317 550 20
317L 520 18
318 520 20
347 520 25
347L 520 25
347H 520 25
109 450 14
4D9NDb 450 14 b
110 520 15 b
41PNiMo 760 10 ¢
130 450 15 d
4B0Nb 450 12 d

a2 Gauge length is equal to five times the test specimen diameter.

b The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall be heated to a
temperature between 730 °C and 760 °C, held for 1 h, then furnace cooled to 315 °C, then cooled in air.

¢ The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall be heated to a
temperature between 590 °C and 620 °C, held for 1 h, then cooled in air.

d  The weld test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall be heated to a
temperature between 760 °C and 790 °C, held for 2 h, then furnace cooled to 600 °C, then cooled in air.

© IS0 2025 - All rights reserved
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Table 8 (continued)
All:gcgssiii;itgon Minimum tensile strength ellv(l,ré:;?;:a Post-weld
alloy type MPa % heat treatment

16-8-2 520 25

2209 690 15

= o0 18 None

2553 760 13

2594 760 13
2594W 690 15

G Not specified

a  Gauge lg

b The wel
temperaturg

¢ The wel
temperature

d  The wel
temperaturg

ngth is equal to five times the test specimen diameter.

[ test assembly (or the blank from it, from which the tensile test specimen is to be machined) shall bq
between 730 °C and 760 °C, held for 1 h, then furnace cooled to 315 °C, then cooled in air.

[ test assembly (or the blank from it, from which the tensile test specimen is to be machinhed) shall bg
between 590 °C and 620 °C, held for 1 h, then cooled in air.

[ test assembly (or the blank from it, from which the tensile test specimen is te be/machined) shall bg
between 760 °C and 790 °C, held for 2 h, then furnace cooled to 600 °C, then cdeled in air.

heated to a

heated to a

heated to a

5.4 Symbol for type of core

relative to

rstem A

 to alloy

The symbdls in Table 9 and Table 10 indicate different types of tubular cored electrodes and rods
their core ¢omposition and slag characteristics.
Table 9 — Symbol for type of core - Classification according to nominal composition - Sy
Symbol Characteristics
B Basic slag
R Rutile, slow freezing slag
P Rutile, fast freezing slag
M Metal powder
U Self-shielding
Z Other types
Annex B provides a description of core types.
Table 10 — Symbol fer type of tubular cored electrode and rod - Classification according
type - System B
Symbol Characteristics
F Flux cored electrodes
M Metal cored electrodes
R Cored rods for gas tungsten arc welding
Annex C provides a description of types of tubular cored electrodes and rods.
5.5 Symbol for shielding gas

The symbols for shielding gases shall be the classification of the gas in accordance with ISO 14175, except
that the symbol NO shall be used for non-gas shielded tubular cored electrodes.

© IS0 2025 - All rights reserved
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5.6 Symbol for welding position

The symbolsin Table 11 indicate the welding positions, in accordance with the requirements of ISO 6947:2019,
for which the product is suitable.

Table 11 — Symbol for welding position

Symbol

Classification system

System A

sition

Classification according to nominal compo-

System B

Classification according to alloy type

PA and PB

PA, PB, PC, PD, PE, PF and PG

PA, PB, PC, PD, Pk, PF or PG, or Pk

and PG

PA, PB, PC, PD, PE and PF

PA and PB

BIWIN | RO

PA

5

PA, PB and PG

Welding pos
PA = Flat pog

PC = Horizog

PF = Vertica

PG = Vertica
NOTE1 Ad

tions in accordance with ISO 6947:2019:

ition

PB = Horizontal-vertical position

tal position

PD = Horizontal overhead position

PE = Overhead position

up position

down position

hsh indicates not applicable.

6 Mech

6.1 Gen

The mecha
and B, are

anical test

bral

biven in Table 12.

nical tests for tubular cered electrodes and tubular cored rods for each classification system, A
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Table 12 — Mechanical tests

Test type

Tensile test
(and any ot
required te

System A System B
Classification according to nominal compo- Classification according to alloy type
sition
Tubular cored electrodes

Tensile tests and any required retests shall be |Tensile tests shall be carried out:

carried out:

a) on weld metal in the condition specified a) on weld metal in the condition specified
in Table 7 (as-welded or post-weld heat in Table 8 (as-welded or post-weld heat
treated) treated)

b) usingan all-weld metal test piece in accordance with ISO 15792-1:2020 of a type specified in
Tabte-t%

S c) using 1,2 mm, or, if this diameter is not manufactured, the next larger diameter
her manufactured as specified in 6.1 and 6.2.
Sts) Tubular cored rods

Tensile tests for tubular cored rods shall be carried‘out:

a) onweld metal in the condition specified in |a) on weld metal in‘the condition specified in
Table 7 Table 8

b) using an all-weld metal test piece in accordance with IS0, 15792-1:2020 of a type §pecified in
Table 14

c) using 2,0 mm, or, if this diameter is not c) using 2,2 mm, or, if this diametefr is not
manufactured, the next larger diameter thanufactured, the next larger diameter
manufactured as specified in 6.1 and 6.2 manufactured as specified in 6.] and 6.2

6.2 Preheating and interpass temperatures

Preheating
classificati

The prehes
thermomef

The interp
pass, the in
the limits ¢

pn system, A and B, as given in Table 13.

ers or thermocouples in accordansé-with ISO 13916.

fthe interpass temperature.

and interpass temperatures shall be sele¢ted for the appropriate weld metal typ

ting and interpass temperatures shall be measured using temperature indicator craya

ass temperature shall not exceed the maximum temperature indicated in Table 13.
terpass temperature is exceeded, the test assembly shall be cooled in air to a temperat

Table 13 — Preheating and interpass temperatures

e for each

ns, surface

[, after any
ure within

Preheating and System A System B
interpass Classification according to nominal | Classification according to alloy
temperatures composition type
°C
13
200 to 300 13Ti 410
17
100 to 180 134 -
409
409Nb
150 to 260 - 430
430Nb
100 to 260 - 410NiMo
<150 All others
NOTE 1 A dash indicates not applicable.
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6.3 Pass sequence
The total number of runs, the number of runs per layer and the total number of layers shall be as given in
Table 14.
Table 14 — Pass sequence
Process Diameter I1SO 15792-1:2020 Passes per layer Total number
mm test piece type First layer Other layers of layers
<1,2 1.0 lor2 2 or 32 6to9
Gas shielded and non- 1,2 1.3 1or2 2 or 32 5to09
gas Shlaiegiietal are 141,620 13 lor?2 2 or 32 5to 8
2,432 1.3 lor2 1 or 2b 4to07
Gas t““gS};g arcweld- | 542224 1.0 1or2 20r3a 5to8
a Final layer may have four passes.
b Final layef may have three passes.

7 Cheni

Chemical analysis shall be performed on any specimen appropriate fof\the analytical method to
bute, specimens in accordance with ISO 6847 shall be used~Any analytical technique c
5 of dispute, reference shall be made to established published methods.

case of disj
butin case

ical analysis

8 Roun

Actual test values obtained shall be subject to ISO 80000-1:2022, B.3, Rule A. If the measured
obtained by equipment calibrated in units other than those of this document, the measured v
be converted to the units of this document before’ rounding. If an average value is to be com]

ing procedure

be used. In
hn be used,

values are
alues shall

bared with

the requirgments of this document, rounding shall be done only after calculating the average. Tle rounded

results shalll fulfil the requirements of the appropriate table for the classification under test.

9 Retes

If any test |
meet the r
from one o
that failed
the materi
classificati

In the even

Ir two new test.asSemblies. For chemical analysis, retests need only be for those specif

ts

ails to meet the requirement(s), that test shall be repeated twice. The results of both r
bquirement. Specimeéns for the retest may be taken from the original test assembly o}

to meet theorequirement. If the results of one or both retests fail to meet the re
al under tést shall be considered as not meeting the requirements of this docume
p1.

t thatduring preparation, or after completion of any test, it is clearly determined that

or proper |l

recedures were not followed in preparing the weld test assembly or sample(s) or test sj

btests shall

sample or
c elements
quirement,
nt for that

prescribed
becimen(s),

or in conducting the tests, the test shall be considered invalid. This determination is made without regard to
whether the test was actually completed, or whether the test results met, or failed to meet, the requirements.
That test shall be repeated, following proper prescribed procedures. In this case, the requirement for
doubling the number of test specimens does not apply.

10 Technical delivery conditions

Technical delivery conditions shall be in accordance with ISO 544 and ISO 14344.
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11 Examples of designation

11.1 General

The designation of tubular cored product shall follow the principles given in 11.2 to 11.4.

11.2 Example 1 - Classification according to nominal composition - System A

A tubular cored electrode (T) for gas shielded arc welding deposits a weld metal of chemical composition
within the limits for the nominal composition 19 12 3 L of Table 2.

This electrode, with a rutile type core with a slow freezing slag (R), tested under mixed gas (M21), that can

be used in

where

[SO 17

1912

M21

H33-A

B L

2 I 1.1 : PR | b 1 L) £ - 1 : PRI | £11
IdU 4dllU HOTTZUIILAIFVET LIL AL DUSILIULLS (o), IS UTSIgIHdLTU d5 TUITUWS.

IS0 17633-A-T19123 LRM213

is the number of this document with classification according te hominal com|
indicates a tubular cored electrode for metal arc welding(s€e 5.2.1);
represents the chemical composition of the all-weld metal (see Table 2);

is the type of electrode core (see Table 9);

is the shielding gas (see 5.5);

is the welding position (see Table 11).

11.3 Example 2 - Classification according to alloy type - System B

A tubular (
within the

This flux c
vertical po

where

[SO 17
TS
316L

H33-B

M21

ored electrode (TS) for gas shielded @rc welding deposits a weld metal of chemical c
limits for the alloy type 316L of Takle 3.

pred electrode, type (F), tested. under mixed gas (M21), that can be used in flat and
sitions (0), is designated asfollows:

IS0 17633-B - TS 316L-F M21 0

is theiumber of this document with classification according to alloy type;
indicates a tubular cored stainless steel electrode for metal arc welding (see

represents the chemical composition of the all-weld metal (see Table 3);

[position;

bmposition

horizontal-

5.2.2);

is the type of tubular cored electrode (see Table 10);
is the shielding gas (see 5.5);

is the welding position (see Table 11).

11.4 Example 3 - Z Classification according to nominal composition - System A

A tubular cored electrode (T) for gas shielded arc welding deposits a weld metal of chemical composition
within the limits for the nominal composition T Z 22 12 N H C1 3 of Table 2.

This electrode, with a rutile type core with a slow freezing slag (R), tested using carbon dioxide gas (C1),
that can be used in flat and horizontal-vertical positions (3), is designated as follows:
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IS0 17633-A-TZ2210NHRC13

where

ISO 17633-A  is the number of this document with classification according to nominal composition;

T indicates a tubular cored electrode for metal arc welding (see 5.2.1);

Z indicates that no chemical composition limits are specified (see Table 2);

2210NH represents the typical chemical composition of the all-weld metal with 22 % Cr, 10 %
Ni, 0,1 % N and 0,05 % C;

R isthetypeof etectrodecore {see Tabte 93;

C1 is the shielding gas (see 5.5);

3 is the welding position (see Table 11).
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Annex A
(informative)

Comparison charts of alloy designation according to nominal

See Table A.1.

composition and alloy type

Table A.1 — Comparison charts of alloy designation according to nominal composition and|alloy type
Corresppndence of alloy, designated according to Correspondence of alloy, designated.accdrding to
nominal dJomposition, with alloy, designated accord- | alloy type, with alloy, designated-according to nomi-
ing to alloy type, of similar, but not identical, require- | nal composition, of similar, but notidenticdl, require-

ments
col:lllo[:'(l)lsriltailon Alloy type? Alloy type cmljl([))lcr)lsl:;?(l)na
13 410 307 —
13 Ti 409 308 —
134 410NiMo 308L 199 1L
16 8 2 16-8-2 308H 19 9H
17 430 308Mo 20108
199 L 308L 308LMo —
199 Nb 347 308HMo —
19123 L 316L 309 —
19112 3 Nb 318 309L 2312 1L
19(134NL — 309H 2212 H
199 H 308H 309Mo —
2293NL 2209 309LMo 2312 2|L
1816 5N L — 309LNb —
18 8 Mn — 310 25 20,
18[9 Mn Mo — 312 299
20103 308Mo 316 —
20255CuNL — 316L 1912 3[L
41 10N — 316H —
237NL 2307 316LCu —
23 12.L 309L 317 —
2B 12'Nb 309Nb 3171 —
231221L 309LMo 318 19123 Nb
299 312 347 199 Nb
2212H 309H 347L —
2520 310 347H 199 Nb
254 — 409 13 Ti
2594 NLand 2594 Cul 2594 409Nb —

dash

a2 No correspondence of alloy designation in the classification according to alloy type or nominal composition is indicated by a
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