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Abstract

This specification prescribes the requirements for classification of bare (uncoated) solid wire as well as tubular
electrodes and rods for weld surfacing. Solid surfacing electrodes and rods are classified on the basis of the composition
of the material as manufactured. Metal cored and flux cored composite (tubular) surfacing electrodes and rods are
classified on the basis of the chemical composition of the deposited weld metal. Tubular tungsten carbide bare rods
are classified on the basis of the mesh range, quantity, and composition of the tungsten carbide granules. A guide is
appended to the specification as a source of information concerning the characteristics and applications of the
classified electrodes and rods.

Full document details: A5.21 - A5.21M-2024

http://www.avadocuments.com/doc/a5-21-a5-21m-2024
http://www.avadocuments.com/doc/a5-21-a5-21m-2024


ii

AWS A5.21/A5.21M:2024

ISBN Print: 978-1-64322-305-6
ISBN PDF: 978-1-64322-306-3

© 2024 by American Welding Society
All rights reserved

Printed in the United States of America

Photocopy Rights. No portion of this standard may be reproduced, stored in a retrieval system, or transmitted in any form,
including mechanical, photocopying, recording, or otherwise, without the prior written permission of the copyright owner.

Authorization to photocopy items for internal, personal, or educational classroom use only or the internal, personal, or
educational classroom use only of specific clients is granted by the American Welding Society provided that the appropriate
fee is paid to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, tel: (978) 750-8400; Internet:
<www.copyright.com>.

Full document details: A5.21 - A5.21M-2024

http://www.avadocuments.com/doc/a5-21-a5-21m-2024
http://www.avadocuments.com/doc/a5-21-a5-21m-2024


iii

AWS A5.21/A5.21M:2024

Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS American National Standards are either incorporated in or
made part of documents that are included in federal or state laws and regulations, or the regulations of other governmental
bodies, their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS standards
must be approved by the governmental body having statutory jurisdiction before they can become a part of those laws
and regulations. In all cases, these standards carry the full legal authority of the contract or other document that invokes
the AWS standards. Where this contractual relationship exists, changes in or deviations from requirements of an AWS
standard must be by agreement between the contracting parties.

AWS American National Standards are developed through a consensus standards development process that brings
together volunteers representing varied viewpoints and interests to achieve consensus. While AWS administers the process
and establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or
verify the accuracy of any information or the soundness of any judgments contained in its standards.

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether
special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this standard. AWS also makes no guarantee or warranty as to the accuracy or completeness of any information published
herein.

In issuing and making this standard available, AWS is neither undertaking to render professional or other services for or
on behalf of any person or entity, nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances. It is
assumed that the use of this standard and its provisions is entrusted to appropriately qualified and competent personnel.

This standard may be revised, corrected through publication of amendments or errata, or supplemented by publication of
addenda. Information on the latest editions of AWS standards including amendments, errata, and addenda is posted on
the AWS web page (www.aws.org). Users should ensure that they have the latest edition, amendments, errata, and
addenda.

Publication of this standard does not authorize infringement of any patent or trade name. Users of this standard accept
any and all liabilities for infringement of any patent or trade name items. AWS disclaims liability for the infringement of
any patent or product trade name resulting from the use of this standard.

AWS does not monitor, police, or enforce compliance with this standard, nor does it have the power to do so.

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request,
in writing, to the appropriate technical committee. Such requests should be addressed to the American Welding Society,
Attention: Managing Director, Standards Development, 8669 NW 36 St, # 130, Miami, FL 33166 (see Annex B). With
regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may be rendered. These
opinions are offered solely as a convenience to users of this standard, and they do not constitute professional advice.
Such opinions represent only the personal opinions of the particular individuals giving them. These individuals do not
speak on behalf of AWS, nor do these oral opinions constitute official or unofficial opinions or interpretations of AWS.
In addition, oral opinions are informal and should not be used as a substitute for an official interpretation.

This standard is subject to revision at any time by the AWS A5 Committee on Filler Metals and Allied Materials. It must
be reviewed every five years, and if not revised, it must be either reaffirmed or withdrawn. Comments (recommendations,
additions, or deletions) and any pertinent data that may be of use in improving this standard are requested and should be
addressed to AWS Headquarters. Such comments will receive careful consideration by the AWS A5 Committee on Filler
Metals and Allied Materials and the author of the comments will be informed of the Committee’s response to the
comments. Guests are invited to attend all meetings of the AWS A5 Committee on Filler Metals and Allied Materials to
express their comments verbally. Procedures for appeal of an adverse decision concerning all such comments are
provided in the Rules of Operation of the Technical Activities Committee. A copy of these Rules can be obtained from
the American Welding Society, 8669 NW 36 St, # 130, Miami, FL 33166.
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Foreword

This foreword is not part of this standard but is included for informational purposes only.

This document makes use of both U.S. Customary Units and the International System of Units (SI). The measurements
are not exact equivalents; therefore each system must be used independently of the other, without combining values in
any way. In selecting rational metric units, AWS A1.1, Metric Practice Guide for the Welding Industry is used where
suitable. Tables and figures make use of both U.S. Customary and SI Units which, with the application of the specified
tolerances, provide for interchangeability of products in both the U.S. Customary and SI Units.

The current document is the 5th revision of the initial joint ASTM/AWS document issued in 1970, Specification for
Composite Surfacing Welding Rods and Electrodes. The evolution took place as follows:

The method of manufacture of the core wire was the prime consideration for earlier revisions of AWS A5.21. All
electrodes and rods included composite (tubular) cores. Both bare and covered electrodes were thus included in the same
specification.

The revision of A5.21:2001, just like that of A5.13:2000, departed from the earlier format by eliminating the method
of manufacture of the core wire as a factor for classification. All electrodes and rods classified in accordance with
A5.21:2001 have since been uncoated. Covered electrodes previously included were then classified in accordance with
the revision of A5.13:2000. Some solid bare electrodes and rods previously classified in accordance with A5.13-80 had
been incorporated into the previously revised A5.21:2001.

The historical background for the document itself is as follows:

ANSI/AWS A5.21-70, Specification for Composite Surfacing Welding Rods and Electrodes

ANSI W3.21-73, Specification for Composite Surfacing Welding Rods and Electrodes

ANSI/AWS A5.21-80, Specification for Composite Surfacing Welding Rods and Electrodes

AWS A5.21:2001, Specification for Bare Electrodes and Rods for Surfacing

AWS A5.21/A5.21M:2011, Specification for Bare Electrodes and Rods for Surfacing

Substantive changes in this revision include the addition of new classifications as well as modifications to many iron
base existing composition ranges to better reflect current filler metal practice. These substantive changes are shown in
italic font or a vertical line in the margin.

Modification of the chemical compositions for the following classifications: ERFe-1, ERFe-1A, ERFe-2, ERFe-3, ERFe-
6, ERFe-8, ERFeMn-F, ERFeMn-G, ERFeMnCr, ERFeCr-A, ERFeCr-A3A, ERFeCr-A4, ERFeCr-A5, ERFeCr-A9, and
ERFeCr-A10.

Addition of new iron base bare rod and electrode classifications (see Table 1): ERFe-9, ERFe-10, ERFe-RBU, ERFeMn-
D, ERFeMn-RBU, ERFeCr-E3, ERFeCr-E4, ERFeCr-E5, ERFeV, and ERFeB.

Addition of a new cobalt base bare rod and electrode classification (see Table 2): ERCoCr-H.

Addition of new tungsten carbide bare rod and electrode classifications (see Table 5): ERFeWCX-30/230 and ERNi-
WCX-30/230.
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The user’s attention is called to the possibility that compliance with this standard may require use of an invention cov-
ered by patent rights. By publication of this standard, no position is taken with respect to the validity of any such
claim(s) or of any patent rights in connection therewith. If a patent holder has filed a statement of willingness to grant a
license under these rights on reasonable and nondiscriminatory terms and conditions to applicants desiring to obtain
such a license, then details may be obtained from the standards developer.

Comments and suggestions for the improvement of this specification are welcome. They should be sent to the Secretary,
Committee on Filler Metals and Allied Materials, American Welding Society, 8669 NW 36 St # 130, Miami, FL 33166.

All errata to a standard shall be published in the Welding Journal and posted on the AWS website.
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1

Specification for Bare
Electrodes and Rods for Surfacing

1. Scope
1.1 This specification prescribes the requirements for the classification of bare (uncoated) solid electrodes and rods as
well as tubular electrodes and rods for weld surfacing. The specification does not provide for classification of electrode-
flux combinations for submerged arc welding.

1.2 This specification makes use of both U.S. Customary Units and the International System of Units (SI). The measure-
ments are not exact equivalents; therefore, each system must be used independently of the other without combining in
any way when referring to material. The specification with the designation A5.21 uses U.S. Customary Units. The spec-
ification A5.21M uses SI Units. The latter are shown within brackets [ ] or in appropriate columns in tables and figures.
Standard dimensions based on either system may be used for sizing of filler metal or packaging or both under A5.21 or
A5.21M specifications.

1.3 Safety and health issues and concerns are beyond the scope of this standard; some safety and health information is
provided, but such issues are not fully addressed herein. Some safety and health information can be found in the non-
mandatory annex, Clauses A5 and A10.

Safety and health information is available from the following sources:

American Welding Society:

(1) ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes

(2) AWS Safety and Health Fact Sheets

(3) Other safety and health information on the AWS website

Material or Equipment Manufacturers:

(1) Safety Data Sheets supplied by materials manufacturers

(2) Operating Manuals supplied by equipment manufacturers

Applicable Regulatory Agencies

Work performed in accordance with this standard may involve the use of materials that have been deemed hazardous,
and may involve operations or equipment that may cause injury or death. This standard does not purport to address all
safety and health risks that may be encountered. The user of this standard should establish an appropriate safety program
to address such risks as well as to meet applicable regulatory requirements. ANSI Z49.1 should be considered when
developing the safety program.

2. Normative References
The documents listed below are referenced within this publication and are mandatory to the extent specified herein. For
undated references, the latest edition of the referenced standard shall apply. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply.

American Welding Society (AWS) documents:

AWS A3.0M/A3.0, Standard Welding Terms and Definitions, Including Terms for Adhesive Bonding, Brazing,
Soldering, Thermal Cutting, and Thermal Spraying
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AWS A5.01M/A5.01 (ISO 14344 MOD), Welding and Brazing Consumables—Procurement of Filler Metals and
Fluxes

AWS A5.02/A5.02M, Specification for Filler Metal Standard Sizes, Packaging, and Physical Attributes

American National Standards Institute (ANSI) document:

ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes

ASTM International (ASTM) documents:

ASTM A36/A36M, Standard Specification for Carbon Structural Steel

ASTM A285/A285M, Standard Specification for Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-
Tensile Strength

ASTM B214, Standard Test Method for Sieve Analysis of Metal Powders

ASTM E18, Standard Test Methods for Rockwell Hardness of Metallic Materials

ASTM E29, Standard Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications

ASTM E384, Standard Test Method for Knoop and Vickers Hardness of Materials

International Organization for Standardization (ISO) document:

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

3. Classification

3.1 The surfacing electrodes and rods covered by this specification are classified according to the following:

3.1.1 Solid surfacing electrodes and rods are classified on the basis of the composition of the material as manu-
factured (or the stock from which it was made) (see Tables 1, 2, and 4).

3.1.2 Metal cored and flux cored composite (tubular) surfacing electrodes and rods, except for tungsten carbide rods,
are classified on the basis of the composition of an undiluted weld deposit, as shown in Tables 1, 3, and 4.

3.1.3 Tubular tungsten carbide surfacing rods are classified on the basis of the mesh range, quantity, and composition
of the tungsten carbide granules, as shown in Tables 5 and 6.

3.2 Material classified under one classification shall not be classified under any other classification in this specification,
with the exception of the ERFe-RBU and ERFeMn-RBU classifications related to railway weld procedures described in
the AWS D15.2 specification.

4. Acceptance

Acceptance of the welding electrodes and rods shall be in accordance with the provisions of AWS A5.01M/A5.01 and
the tests and requirements of this specification. See A3 (in Annex A) for further information concerning acceptance,
testing of the material shipped, and AWS A5.01M/A5.01.

5. Certification

By affixing the AWS specification and classification designations to the packaging, or the classification to the product,
the manufacturer certifies that the product meets the requirements of this specification. See A4 (in Annex A) for further
information concerning certification and the testing called for to meet this requirement.
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Table 1
Solid and Cored Iron Base Electrodes and Rods—Chemical Composition Requirementsa

AWS 
Classificationg

Annex A 
Reference

UNS Numbersb Composition, Weight Percentc, d, e, f

UNS 
(Solid)

UNS 
(Cored) C Mn Si Cr Ni Mo V W Ti Nb Al B Fe

Other 
Elements, 

Totalh

ERFe-1 A7.1.1 T74000 W74030 0.03–0.20 0.2–3.0 1.5 4.0 3.0 1.5 — — 1.5 — 2.0 — Rem 1.0

ERFe-1A A7.1.1 T74001 W74031 0.04–0.25 1.5–3.5 1.0 0.5–3.5 — — — — — — 2.0 — Rem 1.0

ERFe-2 A7.1.1 T74002 W74032 0.10–0.40 0.5–4.0 2.5 4.0 2.0 2.0 0.35 — 1.5 — 2.0 — Rem 1.0

ERFe-3 A7.1.2 T74003 W74033 0.40–0.80 0.5–2.0 1.0 4.0–9.0 — 1.5 — — — — 2.0 — Rem 1.0

ERFe–5 A7.1.3 T74005 W74035 0.50–0.80 1.5–2.5 0.9 1.5–3.0 — — — — — — — — Rem 1.0

ERFe-6 A7.1.4 T75006 W77530 0.6–1.3 0.4–1.0 1.5 3.0–5.0 — 7.0–9.5 0.5–2.5 0.5–2.5 — — — — Rem 1.0

ERFe-8 A7.1.5 T75008 W77538 0.25–0.70 0.5–2.5 1.5 3.0–9.0 — 0.5–4.0 2.0 2.0 1.5 4.0 — — Rem 1.0

ERFe-9 A7.1.6 — — 1.0–2.5 1.0–2.5 2.0 5.0–10.0 — 2.0 1.5 2.0 7.0 9.0 — — Rem 1.0

ERFe-10 A7.1.7 — — 0.04–0.30 0.5–3.0 1.0 11.0–18.0 6.0 2.5 1.0 1.5 — 1.0 — — Rem 3.5

ERFe-RBU A7.1.8 — — 0.03–0.40 0.2–4.0 2.5 4.0 4.0 2.0 0.35 — 1.5 — 2.0 — Rem 1.0

ERFeMn-C A7.1.9 — W79230 0.5–1.0 12–16 1.3 2.5–5.0 2.5–5.0 — — — — — — — Rem 1.0

ERFeMn-D A7.1.9 — — 0.5–1.0 15–20 1.5 7.5 — 1.5 1.2 — — — 2.0 — Rem 1.0

ERFeMn-F A7.1.9 — W79630 0.5–1.5 16–27 1.5 2.0–7.0 3.0 1.5 — — — — 2.0 — Rem 1.0

ERFeMn-G A7.1.9 — W79231 0.5–1.5 12–18 1.5 2.0–7.0 1.0 1.5 — — — — 2.0 — Rem 1.0

ERFeMn-H A7.1.9 — W79232 0.30–0.80 12–16 1.3 4.5–7.5 2.0 — — — — — — — Rem 1.0

ERFeMnCr A7.1.10 — W79730 0.25–0.75 12–18 1.5 11–18 2.0 2.0 1.0 — — — 2.0 — Rem 1.0

ERFeMn-RBU A7.1.11 — — 0.3–1.5 12–27 1.5 18.0 5.0 2.0 1.2 — 0.5 — 2.0 — Rem 1.0

ERFeCr-A A7.1.12 — W74531 1.5–3.5 0.5–1.5 2.0 8–15 — 3 — — — — — — Rem 1.0

Continued)
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