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Foreword

This European Standard has been prepared by Technical Committee CEN/TC 121, Welding,
the Secretariat of which is held by DS.

This European Standard shall be given the status of a national standard, either by publication of
an identical text or by endorsement, at the latest by April 2000, and conflicting national
standards shall be withdrawn at the latest by April 2000.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of
the following countries are bound to implement this European Standard: Austria, Belgium,
Czech Republic, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the United
Kingdom.
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Introduction

For creep-resisting steel welding consumables it should be noted that the mechanical properties
of all-weld metal test specimens used for classification will vary from those obtained in produc-
tion joints because of differences in welding conditions, material composition and shielding gas.

Although tubular cored electrodes supplied by individual companies can have the same grading,
the individual electrodes from different companies are not interchangeable unless verified in
accordance with this standard.

1 Scope

This standard specifies requirements for classification of tubular cored electrodes used in gas
shielded metal arc welding of creep-resisting and low alloy elevated temperature steels. The
classification is based on the chemical composition of the all-weld metal.

It is recognized that the operating characteristics of tubular cored electrodes can be modified by
the use of pulsed current, but for the purposes of this standard, pulsed current is not used for
determining the electrode classification.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other
publications. These normative references are cited at the appropriate places in the text and the
publications are listed hereafter. For dated references, subsequent amendments to or revisions
of any of these publications apply to this European Standard only when incorporated in it by
amendment or revision. For undated references the latest edition of the publication referred to
applies.

EN 439 Shielding gases for arc welding and cutting

EN 759 Welding consumables - Technical delivery conditions for welding filler
metals - Type of product, dimensions, tolerances and marking

EN 1597-1 Welding consumables - Test methods - Part 1: Test piece for all-weld
metal test specimens in steel, nickel and nickel alloys

EN 1597-3 Welding consumables - Test methods - Part 3: Testing of positional
capability of welding consumables in a fillet weld

EN ISO 13916 Welding - Guidance on the measurement of preheating temperature,
interpass temperature and preheat maintenance temperature (ISO
13916:1996)
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prEN ISO 3690 Welding and allied processes - Determination of hydrogen content in
ferritic arc weld metal (ISO/DIS 3690:1998)

ISO 31-0:1992 Quantities and units - Part 0: General principles

3 Classification

The classification includes all-weld metal properties obtained with a tubular cored electrode and
appropriate shielding gas combination as given below.

The classification is divided into six parts:

1) the first part gives a symbol indicating the product/process to be identified;

2) the second part gives a symbol indicating the chemical composition of all-weld metal;

3) the third part gives a symbol indicating the type of electrode core;

4) the fourth part gives a symbol indicating the shielding gas;

5) the fifth part gives a symbol indicating the welding position;

6) the sixth part gives a symbol indicating the hydrogen content of deposited metal.

In order to promote the use of this standard, the classification is split into two sections:

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, 4.3 and
4.4;

b) Optional section

This section includes the symbols for the welding positions for which the electrode is
suitable, and the symbol for the hydrogen content, i.e. the symbols defined in 4.5 and 4.6.

The full identification (see clause 8) shall be used on packages and in the manufacturer’s
literature and data sheets.

4 Symbols and requirements

4.1 Symbol for the product/process

The symbol for the tubular cored electrode used in the gas shielded metal arc welding process
is the letter T.
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4.2 Symbol for the chemical composition of all-weld metal

The symbol in Table 1 indicates the chemical composition of all-weld metal determined in
accordance with clause 6. The all-weld metal obtained with the tubular cored electrodes in
Table 1 under conditions given in clause 5 shall also fulfil the requirements in Table 2.

Table 1: Symbol for the chemical composition of all-weld metal
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4.3  Symbol for type of electrode core

The symbol in Table 3 indicates different types of tubular cored electrodes relative to their
core composition and slag characteristics.

Table 3: Symbol for type of electrode core

Symbol Characteristics

R Rutile, slow freezing slag

P Rutile, fast freezing slag

B Basic

M Metal powder

Z Other types

NOTE: A description of the characteristics of each of the types of core is given in
annex A.

4.4  Symbol for shielding gas

The symbols M and C indicate the shielding gas as described in accordance with EN 439.

The symbol M, for mixed gases, shall be used when the classification has been performed
with shielding gas EN 439 - M2, but without helium.

The symbol C shall be used when the classification has been performed with shielding gas
EN 439 - C1, carbon dioxide.

4.5  Symbol for welding position

The symbol below for welding positions indicates the positions for which the electrode is
tested in accordance with EN 1597-3:

1 all positions;

2 all positions, except vertical down;

3 flat butt weld, flat fillet weld, horizontal-vertical fillet weld;

4 flat butt weld, flat fillet weld;

5 vertical down and positions according to symbol 3.
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4.6  Symbol for hydrogen content in deposited metal

The symbol in Table 4 indicates the hydrogen content determined in deposited metal in
accordance with the method given in prEN ISO 3690. The electrode diameter used shall be
1,2 mm, or if this diameter is not manufactured the next larger size available.

Table 4: Symbol for hydrogen content in deposited metal

Symbol Hydrogen content, ml/100 g deposited
metal
max.

H5 5

H10 10

When the letter H is included in the classification the manufacturer shall state in his literature
whether the maximum hydrogen level achieved is 10 ml or 5 ml per 100 g of deposited weld
metal, and what restrictions need to be placed on the conditions of storage and on current,
arc voltage, electrode extension, electrode diameter, polarity and shielding gas to remain
within this limit.

NOTE 1: Other methods of collection and measurement of the diffusible hydrogen can
be used for batch testing provided they possess equal reproducibility with, and are
calibrated against, the method given in prEN ISO 3690.

NOTE 2: Cracks in welded joints can be caused or significantly influenced by
hydrogen. The risk of hydrogen-induced cracks increases with rising alloy content and
stress level. Such cracks generally develop after the joint has become cold and are
therefore termed cold cracks.

Assuming that the external conditions are satisfactory (weld areas clean and dry) the
hydrogen in the weld metal stems from hydrogen-bearing compounds in the
consumables; in the case of basic tubular cored electrodes the water taken up by the
core is the main reason.

The water dissociates in the arc and gives rise to atomic hydrogen which is absorbed
by the weld metal.

Under given material and stress conditions the risk of cold cracking diminishes with
decreasing hydrogen content of the weld metal; also the application of prescribed
preheat and interpass temperatures substantially reduces the risk of cold cracking.

5 Mechanical tests

Tensile and impact tests and any required retests shall be carried out in the post weld heat
treated condition as specified in Table 2 using an all-weld metal test assembly type 3 in
accordance with EN 1597-1 and welding conditions as described below in 5.1 and 5.2.
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5.1 Preheating and interpass temperatures

Preheating and interpass temperatures shall be selected for the appropriate weld metal type
from Table 2.

The preheating and interpass temperatures shall be measured using temperature indicator
crayons, surface thermometers or thermocouples in accordance with EN ISO 13916.

The interpass temperature shall not exceed the maximum temperature indicated in Table 2.

If, after any pass, the interpass temperature is exceeded, the test assembly shall be cooled in
air to a temperature within the limits of the interpass temperature.

5.2 Pass sequence

The pass sequence shall be as indicated in Table 5.

The direction of welding to complete a layer consisting of several passes shall not vary, but
the direction of welding of layers shall be alternated.

Table 5: Pass sequence
Tubular cored

electrode
diameter

mm

Total number
of passes

Passes per layer Total
number
of layers

First layer Other layers1)

1,2 12 to 19 1 or 2 2 or 3 6 to 9

1,4 to 2,0 10 to 17 1 or 2 2 or 3 5 to 8

2,4 to 3,2  7 to 14 1 or 2 2 or 3 4 to 7
1) The final layer can have four passes.

6 Chemical analysis

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

NOTE: See Bibliography.

7 Technical delivery conditions

Technical delivery conditions shall meet the requirements of EN 759.
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8 Designation

The designation of tubular cored electrodes shall follow the principle given in the example
below.

EXAMPLE:

A tubular cored electrode (T) for gas shielded arc welding deposits 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 (M) (see 4.4) and can be used in flat
butt and flat fillet welds (4). Hydrogen is determined in accordance with prEN ISO 3690 and
does not exceed 5 ml/100 g deposited weld metal (H5).

The designation shall be:

Tubular cored electrode EN 12071 - T CrMo1 B M 4 H5

Compulsory section:

Tubular cored electrode EN 12071 - T CrMo1 B M

where:

EN 12071 = standard number;

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

CrMo1 = chemical composition of all-weld metal (see Table 1);

B = type of electrode core (see 4.3);

M = shielding gas (see 4.4);

4 = welding position (see 4.5);

H5 = hydrogen content in deposited metal (see Table 4).
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Annex A (informative)

Description of types of electrode core

A.1 R type

Tubular cored electrodes of the R type are characterized by a spray metal transfer, low
spatter loss, and a rutile-based slag that fully covers the weld bead. These tubular cored
electrodes are designed for single and multiple pass welding in the flat and horizontal-vertical
position. Tubular cored electrodes of the R type are generally designed for use with carbon
dioxide as shielding gas; however, the use of argon/carbon dioxide mixtures, when
recommended by the manufacturer, can be used to improve arc transfer and reduce spatter.

A.2  P type

Tubular cored electrodes of the P type are similar to the R type, but the rutile-based slag is
designed for fast-freezing characteristics that enable welding in all positions. These tubular
cored electrodes are generally produced in smaller diameters and exhibit spray metal
transfer when using carbon dioxide shielding gas. The running characteristics can be
improved with the use of argon/carbon dioxide mixtures when recommended by the manu-
facturer.

A.3  B type

Tubular cored electrodes of the B type are characterized by a globular metal transfer, slightly
convex bead shape, and a slag that can or can not cover the weld bead surface. These
tubular cored electrodes are primarily used in the flat and horizontal-vertical welding positions
with carbon dioxide or argon-based shielding gas mixtures. The slag composition consists of
fluorides and alkaline earth metal oxides. Weld deposits produced with these tubular cored
electrodes have superior impact properties and crack resistance.

A.4  M type

Tubular cored electrodes of the M type are characterized by a very fine droplet spray metal
transfer and minimal slag cover. The core composition of these tubular cored electrodes con-
sists of metal alloys and iron powder along with other arc enhancers which enable these
tubular cored electrodes to produce high deposition rates with an insensitivity to lack of
fusion. These tubular cored electrodes are primarily used with argon/carbon dioxide shielding
gas mixtures in the flat and horizontal-vertical positions; however, welds in other positions are
also possible using the short-circuiting or pulsed arc modes of transfer.

A.5  Z type

Other types not covered by these descriptions.
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BSI Ð British Standards Institution

BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of British Standards
should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and services. We
would be grateful if anyone finding an inaccuracy or ambiguity while using this
British Standard would inform the Secretary of the technical committee responsible,
the identity of which can be found on the inside front cover. Tel: 020 8996 9000.
Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library and its Technical Help to Exporters Service. Various
BSI electronic information services are also available which give details on all its
products and services. Contact the Information Centre. Tel: 020 8996 7111.
Fax: 020 8996 7048.

Subscribing members of BSI are kept up to date with standards developments and
receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Membership Administration. Tel: 020 8996 7002.
Fax: 020 8996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means ± electronic,
photocopying, recording or otherwise ± without prior written permission from BSI.

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager.
Tel: 020 8996 7070.
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