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Foreword

ISO (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.
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Introduction

This International Standard provides a classification system for tubular cored electrodes in terms of
chemical composition of the all-weld metal, type of electrode core, type of shielding gas, and welding
position or in terms of the tensile properties, chemical composition of the all-weld metal, usability
characteristics of the electrodes, shielding gas, and welding position. The ratio of proof to tensile
strength of weld metal is generally higher than that of parent metal. Matching weld metal proof strength
to parent metal proof strength will not necessarily ensure that the weld metal tensile strength matches
that of the parent metal. Where the application requires matching tensile strength, therefore, selection
of consumables is made by reference to column 4 of Table 2.

Of nqte is that the mechanical properties of all-weld metal test specimens used to classify] the tubular
coredl electrodes will vary from those obtained in production joints because of diffetencef in welding
procedure such as electrode size, width of weave, welding position, and parent metallcomppsition.

The ¢lassification according to system A is mainly based on EN 12071:1999. Théwlassificatign according
to system B is mainly based upon standards used around the Pacific Rim.

© ISO 2015 - All rights reserved v
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Welding consumables — Tubular cored electrodes for gas
shielded metal arc welding of creep-resisting steels —
Classification
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Normative references

International Standard specifies requirements for classification of tubular cored
in the post-weld heat-treated condition for gas shielded metal arc welding of creep-r
lloy elevated temperature steels. One tubular cored electrode can be tested.ahd clq
Fent shielding gases.

 upon the chemical composition of all-weld metal or utilizing a system based upor
gth and the chemical composition of all-weld metal.

Paragraphs and tables which carry the suffix letter “A” are(applicable only to
tlectrodes classified to the system based upon chemical eomposition with require
rield strength and the average impact energy of 47 ] efyall-weld metal in accordan
nternational Standard.

lectrodes classified to the system based upon thetensile strength and chemical compq
veld metal in accordance with this International Standard.

Paragraphs and tables which have neither the suffix letter “A” nor the suffix letter “B” aj
o all tubular cored electrodes classified.in accordance with this International Standar

Fecognized that the operating characteristics of tubular cored electrodes can be mod
f pulsed current, but for the purposes of this International Standard, pulsed current is
'mining the electrode classification.

ollowing referefieed documents, in whole or in part, are normatively referenced in th
pre indispensable for its application. For dated references, only the edition cited
ted referenceés, the latest edition of the referenced document (including any amendme

44, Welding consumables — Technical delivery conditions for filler materials and fluxe
Lict dimensions, tolerances and markings
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International Standard is a combined specification providing for classification utilizing a system

) the tensile
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Paragraphs and tables which carry the suffix letter “B” are applicable only to tupular cored
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s — Type of
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ISO 3

gty armta armcu-prottssts

[SO 6947, Welding and allied processes — Welding positions

ISO 14175, Welding consumables — Gases and gas mixtures for fusion welding and allied processes

ISO 14344, Welding consumables — Procurement of filler materials and fluxes

[SO 15792-1:2000/Amd 1:2011, Welding Consumables — Test methods — Part 1: Test methods for all-weld

meta

[ test speciments in steel, nickel and nickel alloys

ISO 15792-3, Welding consumables — Test methods — Part 3: Classification testing of positional capacity
and root penetration of welding consumables in a fillet weld

ISO 80000-1:2009, Quantities and units — Part 1: General
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3 Classification

Classification designations are based upon two approaches to indicate the chemical composition, the
tensile properties, and the impact properties of the all-weld metal obtained with a given electrode. The
two designation approaches include additional designators for some other classification requirements,
but not all as will be clear from the following sections. In most cases, a given commercial product can be
classified in both systems. Then, either or both classification designations can be used for the product.

The classification includes all-weld metal properties obtained with a tubular cored electrode and
appropriate shielding gas combination as given below. With the exception of the symbol for welding
position which is based on ISO 15792-3, the classification is based on the tubular cored electrode size

1,2 mmori

3.1A Class

The classifiq

1) The first
electrod

2) The secq

ation is divided into six parts:

part (T) indicates a tubular cored
.

nd part gives a symbol indicating

the chenpical composition of all-weld metal

(see Tab

3) The thir
type of €

4) The four
the shiel

5) The fifth
welding

6) The sixt
hydroge
Table 5)

In both sysf]
optional seq

e 1).

 part gives a symbol indicating the
lectrode core (see Table 3A).

th part gives a symbol indicating
ding gas (see 4.5).

part gives a symbol indicating the
position (see Table 4A).

h part gives a symbol indieating the
h content of deposited-metal (see

tion as outlined below.

tniIs 1S not manuractured, the nextlarger diameter manuractured.

ification by chemical composition

3.1B C(lassification by tensile strength and
chemical composition

The classification is divided intoSeven partg:

1) The first part (T) indicates a tubular corgd
electrode.

2) The second part gives a symbol indicating
the strength@nd elongation of all-weld
metal in tHe'post-weld heat-treated
conditjon\(see Table 2).

3) The-third part gives a symbol indicating|the
usability characteristics of the electrode
(see Table 3B);

=)

4) The fourth part gives a symbol indicatin
the welding position (see Table 4B).

D

5) The fifth part gives a symbol indicating the
shielding gas (see 4.5).

6) The sixth part gives a symbol indicating|the
chemical composition of all-weld metal
(see Table 1);

7) The seventh part gives a symbol indicating
the hydrogen content of deposited metal
(see Table 5).

ems, the electrode classification shall include all compulsory sections and may inclugle an

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=b69988fc9e8d4000df000cc2add7098d

3.2A Compulsory and optional section in
the classification by chemical composition

a) Compulsory section

This section includes the symbols for the type
of product, the chemical composition, the type
of electrode core, and the shielding gas, i.e. the
symbols defined in 4.1, 4.2, 4.4A, and 4.5.

b) Qptional section

This|section includes the symbols for the
wel%ng positions for which the electrode is

suitable and the symbol for hydrogen content,
i.e. the symbols defined in 4.6 and 4.7.

ISO 17634:2015(E)

3.2B Compulsory and optional section in
the classification by tensile strength and
chemical composition

a) Compulsory section

This section includes the symbols for the type
of product, the strength, and elongation in the
post-weld heat-treated condition, the welding
ositions for which the electrode is suitable, the
usability characteristics, the shieldinig gas, the
impact properties, and the chemical
composition, i.e. the symbols défined|in 4.1, 4.2,
4.3B, 4.4B, 4.5, and 4.6.

b) Optional section

This section includesithe symbol for hydrogen
content, i.e. the symbol defined in 4.7

The [full designation shall comprise the compulsory symbols and may include optiopal symbols
chosgn by the manufacturer. The full designation (see Clause 10) shall be used on packaggs and in the

mantifacturer’s literature and data sheets.

4 $ymbols and requirements

4.1 | Symbol for the product/process

The pymbol for the tubular cored electrode used in the gas shielded metal arc welding process is

the letter T.

4.2 | Symbol for the chemical composition of all-weld metal

The $ymbol in Table 1 indicates the chemical composition of all-weld metal determined in accordance

with|Clause 6.

4.3 | Symbol for the mechanical properties of all-weld metal

4.3A| Classification by chemical composition

4.3B C(lassification by tensile streéngth and
chemical composition

No symbol shall be used for the mechanical
properties of the all-weld metal. The all-weld
metal obtained with the tubular cored
electrodes in Table 1 under conditions given in
Clause 5 shall also fulfil the mechanical property
requirements specified in Table 2.

© ISO 2015 - All rights reserved

The symbol for tensile strength shall be the
following:

— 49 for 490 MPa to 660 MPa tensile strength;
— 55 for 550 MPa to 690 MPa tensile strength;

— 62 for 620 MPa to 760 MPa tensile strength;
— 69 for 690 MPa to 830 MPa tensile strength.

The complete mechanical property
requirements that shall be fulfilled by the
various compositions are specified in Table 2.
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4.4 Symbol for type of electrode core or the usability characteristics of the electrodes

4.4B C(lassification by tensile strength and
chemical composition

4.4A C(lassification by chemical composition

The symbol in Table 3B indicates the usability
characteristics of the electrodes.

The symbol in Table 3A indicates different
types of tubular cored electrodes relative to
their core composition and slag characteristics.
Manufacturers shall provide information on
recommended polarity.

Table 3A—Symbvutfortypevfetectrode
corg (Classification by chemical
composition)

Symbol Characteristics
R Rutile, slow-freezing slag
P Rutile, fast-freezing slag
B Basic
M Metal powder
Z Other types

NOTE A {lescription of the characteristics of each of the
types of core is given in Annex C.

Table 3B — Usability characteristics (classification bytensile strength and chemical composition)

Us.:alblllty Shielding Operat.mg Transfer Type of We!d_mg Characteristics
designator gas polarity | of droplet core positiona
Low spatter loss, flat to
T1 Required dc (+) Spray type Rutile Oor1l slightly convex bead, and
high deposition rates
Slightly convex bead, a thin
dc (#) slag without completely
TS Required on Globular leg-fluo- 0ori covering the weld be_ad,
type ride good impact properties, gnd
dc () hot and cold crack resistance
compared with “T1”
Very fine Core consisting of metal
T15 Required dc (+) droplet Metal Oor1l alloys and iron powder and
spray type minimal slag cover
TGb As agreed between purchaser and supplier
NOTE A description of the usability characteristics of the electrodes is given in Annex D.
a See Table 4B.
b For electrodes that are not covered by any currently defined usability designator.

4.5 Symbol for shielding gas

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

10 © IS0 2015 - All rights reserved
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4.6 Symbol for welding position

The symbol in Table 4A or Table 4B indicates the positions for which the electrode is suitable for
classification to ISO 17634-A or ISO 17634-B in accordance with ISO 15792-3 (see Clause 8 for testing

requirements).

Table 4A — Symbol for welding position Table 4B — Symbol for welding position
(classification by chemical composition) (classification by tensile strength and
chemical composition)
Symbol Welding positionsa Symbol Welding positions?
1 PA, PB, PC, PD, PE, PF, and PG 0 PA and PB
2 PA, PB, PC, PD, PE, and PF 1 PA, PB, PC, PD, PE, RE'er PG| or PF + PG
3 PA and PB a  PA =Flat position
4 PA PB = Horizontal vertical position
5 PA, PB, and PG PC = Horizontal pgsition
a  PA = Flat position PD = Horizontaloverhead position
PB = Horizontal vertical position PE = Overhead position
P = Horizontal position PF = VeTtical up position
PD = Horizontal overhead position PG:= Vertical down position
PE = Overhead position In acecordance with 1ISO 6947.
PF = Vertical up position
PG = Vertical down position
In accordance with ISO 6947.

4.7 | Symbol for hydrogen content of'deposited metal

The symbol in Table 5 indicates the~hydrogen content determined in accordance with [the method
given in 1SO 3690.

Table-5 = Symbol for hydrogen content of deposited metal

Hydrogen content
Symbol ml/100 g deposited metal,
max.
H5 5
H10 10
H15 15

When the symbol for hydrogen content in accordance with Table 7 is included in the classification, the
manufacturer shall state in their literature what restrictions need to be placed on the conditions of
storage and on current, arc voltage, electrode extension, polarity, and shielding gas to remain within

the required limit.

5 Mechanical tests

5.1 Tensile and impact tests

Tensile and impact tests shall be carried out on weld metal in the post-weld heat-treated condition
using an all-weld metal test assembly type 1.3 in accordance with ISO 15792-1:2000/ Amd 1:2011

© IS0 2015 - All rights reserved 11
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using 1,2 mm for gas shielded electrodes or if this size is not manufactured, the closest diameter
manufactured, and welding conditions as described in 5.2 and 5.3.

5.2 Preheating and interpass temperatures

Preheating and interpass temperatures shall be selected for the appropriate weld metal type from
Table 2. The preheating and interpass temperature shall be measured using temperature indicator
crayons, surface thermometers, or thermocouples (see ISO 13916).

The interpass temperature shall not exceed the maximum temperature indicated in Table 2. If after any
pass this interpass temperature is exceeded, the test assembly shall be cooled in air to a temperature
within the limits of the interpass temperature.

5.3 Pass sequence

The procedﬁres used for the welding of multi-run test assemblies shall conform to,the-requirements
given in Tablle 6A or Table 6B.

Table 6B — Pass and-ayer sequence
(classification by.tensile strength and
chemical composition)

Table 6A — Pass and layer sequence
(classifigation by chemical composition)

Passes per layer . Required Passes per layer
Tota
Diameter| Number ber of Diameter dverage Numbeyr
First Other | oflayers | ™"™MP€r 0 heatinput | First Other | oflayerfs
mm layer layers? passes mm K /mm layer | layers?
1,2 lor2 2or3 6to9 12to 19 <0'8
_0'9 0,8to 1,4 lor2 2o0r3 6to9
1,4 to 2,0 lor2 2or3 5to8 10to 17 ’
2,4 to 3,2 lor2 2or3 4to7 7 to 14 10
1'2 1,0to 2,0 lor2 2o0r3 6to9
@ The finalflayer may have four passes. ’
1,4
16 1,0 to 2,2 lor2 2o0r3 5to8
1,8
20 1,4 to 2,6 lor2 2or3 5to8
2,4 1,6 to 2,6 lor2 2or3 4t08
2,8 2,0to2,8 lor2 2or3 4to7
3,2 2,2t03,0 lor2 2 4to7
4,0 2,6 to 3,3 1 2 4t07

3 The final layer may have four passes.

6 Chemical analysis

Chemical analysis is performed on any suitable all-weld metal test specimen. The referee method
is ISO 6847. Any analytical technique can be used, but in case of dispute, reference shall be made to
established published methods.

7 Rounding procedure

For purposes of determining compliance with the requirements of this International Standard, the
actual test values obtained shall be subject to ISO 80000-1:2009, B.3, Rule A. If the measured values
are obtained by equipment calibrated in units other than those of this International Standard, the
measured values shall be converted to the units of this International Standard before rounding. If

12 © IS0 2015 - All rights reserved
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an arithmetic average value is to be compared to the requirements of this International Standard,
rounding shall be done only after calculating the arithmetic average. If the test method cited in Clause 2
contains instructions for rounding that conflict with the instructions of this International Standard,
the rounding requirements of the test method standard shall apply. The rounded results shall fulfil the
requirements of the appropriate table for the classification under test.

8 Fillet weld test

The fillet weld test assembly shall be as shown in ISO 15792-3.

chemical composition

mended by the manufacturer or shall be

oyed steel of 0,30 % C maximum. The fillet
weld

shall be deposited as a single run using

the dliameter of electrode and welding position

show
and
requ

n in Table 7A. Throat thickness, leg length,
onvexity shall conform to the
rements of Table 7A.

For the electrodes classified as/symb
Table 4B, the fillet weld test\shall be

in the PB position. For the¢lectrodes
as symbol 1 in Table 4B, the fillet we
be performed in pdsitions PE and PF

The plate material’shall be unalloyed
0,30 % C maximum. The welding prg
the size ofthe electrode to be tested

ol 0 in
berformed
classified
d test shall
or PG.

steel of
cedure and
shall be as

selected)by the manufacturer. The fillet welds

shallkbe deposited as a single pass.

The maximum convexity and leg leng
difference shall conform to the dimen
requirements:

a) Maximum convexity

2,0 mm for <7,0 mm in measured
weld size

2,5 mm for 27,0 mm in measured
weld size

b) Maximum leg length difference
(mm) = 0,5 x [fillet weld size (mn

Incomplete fusion at the root of the w
not exceed 20 % of the total length of

th

sional

fillet

fillet

] - 0,5

eld shall
the weld.

© ISO

2015 - All rights reserved
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Table 7 — A — Test requirements for fillet welds (classification by chemical composition)

9 Retest

If any test f
shall meet t
from a new
failed to me
the materia
that classifi

In the even
prescribed

specimen(s)
the test wa
That test sh
doubling thg

10 Techn]

S()};l;:il::: ?ofr Test Electrode Throat ll\ga)i:::utl;: Maximum
position t position sizea thickness g 'eng convexity
classification difference
mm mm mm mm
1or2 PB 2,4 5,5 min. 2,0 3,0
3 PB 2,4 5,5 min. 2,0 3,0
5 PB 2,4b 5,5 min. 2,0 3,0
1or?2 PF 2,4¢ 7,0 max. Not 2,0
specified
1,2o0r5 PD 1,2d 4,5 max. 1,5 2,5
5 PG 124 | 45max. Not 15
specified
a Where the largest size claimed for positional welding is smaller than‘\that specified,
use the largest size and adjust criteria pro rata.
b Or largest size made up to 2,4 mm.
c Maximum size for which positional classification is sought.
d Or as recommended by the manufacturer.
e Maximum concavity.

S

hils to meet the requirement, that testxshall be repeated twice. The results of both re
he requirement. Specimens for the retest could be taken from the original test asseml
test assembly. For chemical analysis, retests need be only for those specific elements
et their test requirement. If the re’sults of one or both retests fail to meet the require

under test shall be considered as not meeting the requirements of this specificati
Cation.

t that during preparation or after completion of any test, it is clearly determined
or proper procediires were not followed in preparing the weld test assembly or
or in conductingthe tests, the test shall be considered invalid without regard to wh
5 actually completed or whether the test results met or failed to meet the require
all be repeated following proper prescribed procedures. In this case, the requireme
e numbefof test specimens does not apply.

|¢al delivery conditions

tests
ly or
that
ent,

for

that
test
bther
ent.
t for

Technical delivery conditions shall meet the requirements described in ISO 544 and ISO 14344.

11 Example of designation

The designation of the tubular cored electrode shall follow the principle given in the examples below.

14
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11A Classification by chemical composition

EXAMPLE 1A A tubular cored electrode (T)
for gas shielded metal arc welding deposits a
weld metal with a chemical composition within
the limits of the alloy symbol CrMo1 of Table 1.
The electrode with a basic type core (B) was
tested under mixed gas (M21) and can be used

ISO 17634:2015(E)

11B Classification by tensile strength and

chemical composition

EXAMPLE 1B A tubular cored electrode (T) for
gas shielded metal arc welding deposits a weld
metal with a minimum tensile strength in the
post-weld heat-treated condition of 550 MPa

(55) and has a chemical composition

within the

limits of the alloy symbol 1CM of Table 1. The

in flapbutrand fiatrfitterwetds (@) Hydrogemn 15 etectrode witlra iime-fiuortde stag (15) was
deterimined in accordance with ISO 3690 and tested under mixed gas (M21) and‘cqn be used
does pot exceed 5 ml/100 g deposited metal in flat and horizontal vertical paositidn (0).
(H5). Hydrogen is determined in accordanice with
ISO 3690 and does not ex¢eed 5 ml/100 g
deposited metal (H5),
This s designated as follows: This is designated‘as follows:
ISO 17634-A — T CrMol1 B M21 4 H5 ISO 17634-B — T55T5-0M21-1CM-H5
Compulsory section: Compulsony section:
ISO 17634-A — T CrMo1 B M21 ISO 17634-B — T55T5-0M21-1CM
wherg where
ISO 17634-A  is the number of this ISO 17634-B is the number of this
International Standard with International Standarf with
classification by chemical classification by tensile strength
composition; and chemical composition;
T indicates a tubular cored T indicates a tubular cofed
electrode/gas shielded metal electrode/metal arc welding
arc welding (see-4:1); (see 4.1);
CrMojl is the chemical’ composition of 55 represents the tensile|properties
all-weld metal (see Table 1); (see Table 2);
B is the'type of electrode core T5 is the usability designptor (see
(see-Table 3A); Table 3B);
M21 is the shielding gas (see 4.5); 0 is the welding position (see
Table 4B);
4 isthe mlp]ding position (cpp M21 isthe chip]ding gas (cse@);
Table 4A);
H5 is the hydrogen content (see 1CM is the chemical composition of
Table 5). all-weld metal (see Table 1);
H5 is the hydrogen content (see

© ISO 2015 - All rights reserved
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EXAMPLE 2A A tubular cored electrode (T)
for gas shielded metal arc welding deposits a
weld with a chemical composition of 0,11 % C,
0,6 % Mn, 0,25 % Si, 9,4 % Cr, 0,3 % Ni, 1,0 %
Mo, 0,2 % V, and 0,045 % N. The electrode with
a basic type core (B) was tested under mixed
gas (M21) and can be used in all positions (1).
Hydrogen is determined in accordance with
ISO 3690 and does not exceed 5 ml/100 g
deposited metal (H5).

This is designated as follows:

IS0 1734-A — T Z CrMo091 B M21 1 H5
Compulsory|section:

ISO 17634-A — T Z CrMo91 B M21
where

ISO 17634-A is the number of this
International Standard with
classification by chemical
composition;

T indicates a tubular cored
electrode/gas shielded metal
arc welding (see 4.1);

Z chemical composition and
mechanical properties are
agreed between manufacturer:
and customer;

CrMo91 indicates the chemical
composition of the allbweld metal;

B is the type of electrode core
(see Table 3A);
M21 is the shielding gas (see 4.5);
1 is the welding position
(see Table 4A);
H5 isthe hydrogemcontent {see
Table 5).
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Annex A
(informative)

Classification systems

A.1 1SO17634-A

The 1SO 17634 classification system for tubular cored electrodes based upon chemicalcemposition is
shown in Figure A1l.

A.2|1SO17634-B

The [SO 17634 classification system for tubular cored electrodes baséd)upon tensile strength and
chenjical composition is shown in Figure A2.

Compulsory classification designators®

ISO specification number. The "A" in‘the final position indicates
classification by chemical composition.

Designates a tubular cored electrode.

Chemical composition designator. Indicates composition of
all-weld metal (see’Table 1).

Designatorfor'type of electrode core. The symbols "R, P, B, M and 2"
are used\fo indicate rutile, slow-freezing slag, rutile, fast-freezing slag,
basic; metal powder (metal core electrodes), or other types, respectively.

-,-— Shielding gas designator (see 4.5 ).

ISO 17634-A-T XXX X X X HX
—|: Optional supplemental designatorsb

Optional supplemental diffusible hydrogen designator. "H5, H10
or H15" is used to indicate a maximum diffusible hydrogen content
of 5 mi/100 g, 10 ml/100 g or 15 mlI/100 g of deposited metal, respegtively.

—— Positionality designator. The symbol "1, 2, 3, 4 or 5" indicates the
welding position(s) for which the electrode is suitable (see Table 4A).

Key

a  The combination of these designators constitutes the tubular cored electrode classification.

b  These designators are optional and do not constitute part of the tubular cored electrode classification.

Figure A.1 — ISO 17634-A classification system for tubular cored electrodes based upon
chemical composition
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Compulsory classification designators?

ISO specification number. The "B" in the final position indicates
classification by tensile strength and chemical composition.

Designates a tubular cored electrode.

Tensile strength designator. Two digits are used to indicate the
minimum tensile strength (when multiplied by 10 MPa) of the weld
metal when the weld is made in the manner prescribed by this
specification (see 4.3B).

Usability designator. This designator is from the symbol "T1",
"T5" or "T15", or the symbol "TG". The designator refers to the
usability of the electrode with requirements for polarity and
general operating characteristics (see Table 3B). The

symbol "TG" indicates that the polarity and general operating
characteristics are not specified.

Positionality designator. This designator is either "0" or "1". It
indicates the position of welding for which the eleetrode is
intended. "0" is for flat and horizontal positions:only. "1" is for
all positions.

Shielding gas designator. Indicates the type of shielding gas used
for classification (see 4.5 ).

—— Chemical composition designator. Indicates chemical
composition of all-weld meétal (see Table 1B).

ISO 17534-B-T XX TX-X X-XXX-HX
—|; Optional supplemental designators®

Optional supplemental diffusible hydrogen designator. "H5, H10 or H15"
is used to.indicate a maximum diffusible hydrogen content of 5 ml/100 g,
10 ml/100’g or 15 mI/100 g of deposited metal, respectively.

Key
a  The compination of these designators constitutes the tubular cored electrode classification.
b  This des|gnator is optional and dogs not constitute a part of the tubular cored electrode classification.

Figure A.2 |— ISO 17634 <B)classification system for tubular cored electrodes based upon tensile
strength and chemical composition
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