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Abstract

This specification prescribes the requirements for classification of surfacing electrodes for shielded metal arc welding.
Classification 1s based upon the chemical composition of the deposited weld metal except for tungsten carbide electrodes
where classification is based on the mesh range, quantity, and composition of the tungsten carbide granules. A guide
is appended to the specification as a source of information as to the characteristics and applications of the classified
electrodes.
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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 governmen-
tal 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 betore 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. When this contractual relationship exists, changes in or deviations from requirements of an AWS stan-
dard 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 the AWS administers the
process and establishes rules to promote fairness in the development of consensus, it does not independently test, evalu-
ate, 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 1ssuing 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 are entrusted to appropriately qualified and competent personnel.

This standard may be superseded by the issuance of new editions. Users should ensure that they have the latest edition.

- 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.

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

On occasion, text, tables, or figures are printed incorrectly, constituting errata. Such errata, when discovered, are posted
on the AWS web page (www.aws.org).

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, Technical Services Division, 550 N.W. LeJeune Road, Miami, FL. 33126 (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 1s 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 1f 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 required 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 com-
ments. 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 pro-
vided in the Rules of Operation of the Technical Activities Committee. A copy of these Rules can be obtained from the
American Welding Society, 550 N.W. Leleune Road, Miami, FL. 33126.
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Foreword

This foreword is not part of AWS A5.13/A5.13M:2010, Specification for Surfacing Electrodes for
Shielded Metal Arc Welding, but is included for informational purposes only,

The first AWS specification for surfacing filler metals was published in 1956 as a joint ASTM/AWS specification. It was
the first of what would later become a two-set series, A5.13 and A5.21.

The composite electrodes and rods classifications were removed from the 1970 revision of A5.13 and placed into a new
specification, A5.21. A5.13-70 specification contained requirements for both covered and bare electrodes or rods
employing solid core only. This distinction was maintained for the 1980 revision of A5.13.

The revisions of both A5.13:2000 and A5.21:2001 incorporated a totally different scope. The method of manufacture of
the core of the electrode or rod was no longer a factor in determining placement of a classification. Instead, the covered
electrode products were classified under AWS AS5.13:2000 and the bare electrode products under AWS AS5.21:2001.

This document is the first of the A35. 13 specifications which 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, ANSI/AWS Al.1, Metric Practice
Guide for the Welding Industry, and ISO 544 Welding consumables — Technical delivery conditions for welding filler
materials — Type of product, dimensions, tolerances and marking, are used where suitable. Tables and figures make use
of both the U.S. Customary and SI Units, which, with the application of the specified tolerances, provides for interchange-
ability of products in both the U.S. Customary and SI Units.

Rounding-off Procedure has been revised in this edition. Detailed general safety information in Clause A9 has been
replaced by Safety and Health Fact Sheets. Such substantive changes are shown in Italic font in this specification.

The historical evolution of the specification is:

ASTM A 399-56T Tentative Specification for Surfacing Welding Rods and Electrodes
AWS A5.13-56T

AWS A5,13-70 Specification for Surfacing Welding Rods and Electrodes
ANSI W3.13-73

ANSI/TAWS AS5.13-80 Specification for Solid Surfacing Welding Rods and Electrodes
AWS AS5.13:2000 Specification for Surfacing Electrodes for Shielded Metal Arc Welding

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the
Secretary, AWS A5 Committee on Filler Metals and Allied Materials, American Welding Society, 350 N.W. Leleune
Road, Miami, FL 33126.
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Specification for Surfacing Electrodes for
Shielded Metal Arc Welding

1. Scope

1.1 This specification prescribes requirements for the classification of surfacing electrodes for shielded metal arc welding.
Solid bare electrodes and rods for surfacing are classified in AWS A5.21:2001, Specification for Bare Electrodes and
Rods for Surfacing (see Clause A8 in Annex A).

1.2 Safety and health issues and concerns are beyond the scope of this standard and, therefore, are not fully addressed
herein. Some safety and health information can be found in Clauses A5 and A9 in Annex A. Safety and health
information is available from other sources, including, but not limited to ANSI Z49.1, Safety in Welding, Cutting, and
Allied Processes, and applicable federal and state regulations.

1.3 This specification 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 in any way when referring to material properties. The specification with the designation AS5.13 uses the U.S.
Customary Units. The specification A5.13M uses the SI Units. The latter are shown within brackets | ] or in appropriate
columns 1n tables and figures. Standard dimensions based on either system may be used for sizing of filler metal or
packaging or both under A5.13 or A5.13M specifications.

2. Referenced Documents

The following documents are referenced within this publication. 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.

2.1 AWS standards'

(1) AWS A5.0IM/AS.01(ISO 14344), Procurement Guidelines tor Consumables — Welding and Allied Processes —
Flux and Gas Shielded Electrical Welding Processes

(2) AWS A3.0, Standard Welding Terms and Definitions

(3) AWS F3.2, Ventilation Guide for Weld Fume

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

2.3 ASTM standards’

(1) ASTM A 36/A 36M, Standard Specification for Carbon Structural Steels

(2) ASTM A 285/A 285M, Standard Specification for Pressure Vessel Plates, Carbon Steel, Low-and Intermediate-
Tensile Strength

' AWS Standards are published by the American Welding Society, 550 N.W. LelJeune Road, Miami, FL 33126.

* ANSI Z49.1 is published by the American Welding Society, 550 N.W. LelJeune Road, Miami, FL 33126.

* ASTM Standards are published by the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959,
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(3) ASTM B 214, Standard Test Method for Sieve Analysis of Metal Powders
(4) ASTM E 29, Standard Practice for Using Significant Digits in Test Data to Determine Conformance with
Specifications

2.4 1SO standards®

(1) ISO 80 000-1, Quantities and units — Part 1: General

(2) ISO 544, Welding Consumables — Technical delivery conditions for welding filler materials — Type of product,
dimensions, tolerances, and marking

3. Classification
3.1 Except for tungsten carbide electrodes, the surfacing electrodes covered by this A5.13/A5.13M specification are
classified according to the chemical composition of the undiluted weld metal, as specified in Tables 1, 2, and 3.

3.2 Tungsten carbide surfacing electrodes are classified on the basis of size and chemical composition of the tungsten
carbide granules (see Tables 4 and 5).

3.3 Electrodes classified under one classification shall not be classified under any other classification in this specification.

4. Acceptance
Acceptance’ of the electrodes shall be in accordance with the provisions of AWS A5.01M/A5.01 (ISO 14344).

5. Certification

By affixing the AWS specification and classification designations to the package, or the classification to the product, the
manufacturer certifies that the product meets the requirements of this specification.®

6. Rounding-Off Procedure

For purposes of determining compliance with the requirements of this standard, the actual test values obtained shall be
subjected to the rounding-off rules of ASTM E 29 or ISO 80000-1, Annex B, Rule A (the results are the same). If the mea-
sured values are obtained by equipment calibrated in units other than those of the specified limit, the measured values
shall be converted to the units of the specified limit before rounding off. If an average value is to be compared to the spec-
ihed Iimit, rounding off shall be done only after calculating the average. An observed or calculated value shall be
rounded to the nearest 1 000 psi for yield strength for U.S. Customary Unit standard to the nearest 10 MPa for yield
strength for SI unit standard and to the nearest unit in the last right-hand place of figures used in expressing the limiting
values for other quantities. The rounded-oftf results shall fulfil the requirements for the classification under test.

7. Summary of Tests

7.1 Except for tungsten carbide electrodes, chemical composition of undiluted weld metal 1s the only test required for
classification of a product under this specification (see Tables 1, 2, and 3).

+ SO standards are published by the International Organization for Standardization, 1, rue de Varembé, Case postale 56, CH-1211
Geneva 20, Switzerland.

* See Clause A3, Acceptance (in Annex A), for further information concerning acceptance, testing of material shipped, and AWS
AS5.01M/AS.01.

® See Clause A4, Certification (in Annex A), for further information concerning certification and the testing called for to meet this
requirement.
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7.2 Tests required for tungsten carbide electrodes include:

7.2.1 Determination of the amount and mesh size distribution of the tungsten carbide granules (see Table 4). Sieve
analysis shall be in accordance with ASTM B 214.

7.2.2 Determination of the chemical composition of the tungsten carbide granules (see Table 5).

8. Retest

If the results of any test fail to meet the requirement, that test shall be repeated twice. The results of both retests shall meet
the requirement. Material, specimens, or samples for retest may be taken from the original test assembly or sample, or
from one or two new test assemblies or samples. For chemical analysis, retest need be only for those specific elements
that failed to meet the test requirement. If the results of one or both retests fail to meet the requirement, the material under
test shall be considered as not meeting the requirements of this specification for that classification.

In the event that, during preparation or after completion of any test, it is clearly determined that prescribed or proper pro-
cedures were not followed in preparing the weld test assembly or test specimen(s) or in conducting the test, the test shall
be considered invalid, without regard to whether the test was actually completed or whether test results met, or failed to
meet, the requirement. That test shall be repeated, following proper prescribed procedures. In this case, the requirement
for doubling the number of test specimens does not apply.

Table 4
Mesh Size and Quantity of Tungsten Carbide (WC) Granules in the
Core of Tungsten Carbide Electrodes

U.S. Standard SI Quantity of Tungsten Carbide

AWS Mesh Size of Tungsten Mesh Size (WCI1 + W(C2)
Classification™ " Carbide Granules® mm Granules, weight percent
EWCX-12/30 thru 12—on 30 thru 1.70-on (.60 60
EWCX-20/30) thru 20—on 30 thru 0.85—on (.60 6()
EWCX-30/40 thru 30—on 40 thru 0.60-on (0.43 60

EWCX-40 thru 40 thru (.43 60
EWCX-40/120 thru 40—on 120 thru 0.43—on (.13 60

0N designates the type of tungsten carbide granules; X = 1 for WC | granules, X = 2 for WC2 granules, X = 3 for a blend of WC1 and WC2 granules.

" These AWS classifications have been transferred to AWS AS5.21:2001 without a change in classification for solid bare electrodes and rods and with
the preix "ERC™ for electrode/rod made from metal or flux cored stock.,

“ The mesh size of the tungsten carbide granules may vary trom that specified above, provided that no more than 5% of the granules are retained on the
“thru™ sieve, and that no more than 20% passes the “on” sieve.

Table 5
Chemical Composition of Tungsten
Carbide (WC) Granules
Composition, weight percent

Element WCl WC2 WC3
C 3.6-4.2 6.0-6.2
51 (0.3 0.3
N1 (0.3 0.3 As agreed
Mo 0.6 0.6 between
Co 0.3 0.3 purchaser
W 94.0) min. 91.5 min.  and supplier
Fe 1.0 0.5
Th 0.01 0.01

* Single values are maximum, unless noted otherwise.
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9. Weld Test Assembly

9.1 A sample for chemical analysis 1s the only test assembly required. The sample may be prepared by any method
producing undiluted weld metal. In case of dispute, the weld pad described in 9.2 shall be the referee method.

9.2 The dimensions of the completed pad shall be as shown in Figure 1 for each size of electrode. Testing of this assembly
shall be as specified in Clause 10, Chemical Analysis.

9.2.1 Welding shall be done in the flat position using welding conditions specified by the manufacturer.
9.2.2 Postweld heat treatment may be used to facilitate subsequent sampling.
9.3 The base metal shall conform to one of the following specifications or its equivalent:
9.3.1 ASTM A 285/A 285M Grade A (UNS K01700).
9.3.2 ASTM A 36/A 36M (UNS K02600).

10. Chemical Analysis

10.1 For All Except Covered Tungsten Carbide Electrodes

10.1.1 Shielded metal arc welding surfacing electrodes shall be analyzed in the form of undiluted weld metal. The
sample shall come from a weld metal pad.

10.1.2 The top surface of the pad, as described in Clause 9 and shown in Figure 1. shall be removed and discarded, and
a sample for analysis shall be obtained from the underlying metal by any appropriate mechanical means. The sample shall
be free of slag.

For electrodes 3/32 in [2.5 mm] in diameter and smaller, the sample shall be taken at least 1/2 in [13 mm] from the
nearest surface of the base metal.

For electrodes 1/8-3/16 in [3.2-5.0 mm] in diameter, the sample shall be taken at least 5/8 in [16 mm] from the near-
est surface of the base metal.

For electrodes larger than 3/16 in [5.0 mm] in diameter, the sample shall be taken at least 3/4 in [19 mm] from the
nearest surface of the base metal.

10.1.3 The sample may be removed from an undiluted weld metal pad by any convenient method.

10.1.4 The sample shall be analyzed by accepted analytical methods as agreed upon between the purchaser and
supplier. The referee method shall be the appropriate ASTM method for the element being determined.

10.1.5 The results of the analysis shall meet the requirements of Tables 1, 2, or 3 for the classification of electrode
under test.

10.2 For Tungsten Carbide Electrodes

10.2.1 Chemical composition of tungsten carbide granules shall conform to the requirements of Table 5. Chemical
analysis may be made by any suitable method as agreed upon between the purchaser and supplier.

10.2.2 Tungsten carbide granules for chemical analysis shall be free of any surface contaminant.

10.2.3 The percentage by weight of the tungsten carbide, as specified in Table 4, can be determined by the following
steps:

(I)  Record the weight of the tungsten carbide welding electrode after removing any covering present.

(2) Remove the tungsten carbide from the tube and clean it by washing with water and treating with 1-1 hydrochlo-
ric acid, as required, to remove any flux, powdered iron, graphite, etc. Heating of the acid may be required. A
hot or cold 1-1 hydrochloric acid will not appreciably attack cast tungsten carbide in less than an hour. When
handling any acids appropriate safety precautions should be followed.
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AW
A
H
Electrode Size Weld Pad Size, minimum
n min n mim
5/64 (0.078) 2.0 L=1-1/2 38
332 (0.094) 2.4 W=1/2 13
(0.097) 2.5 H=1/2 13
1/8 ((0.125) 3.2 [L=2 50
5/32 (0.156) 4.0 W=1/2 13
316 (0.187) 4.8 H=25/8 16
(0.197) 5.0
T/32(0.219) LL=2-1/2 64
(0.236) 6.0 W=1/2 13
/4 (0.250) 6.4 H=3/4 19
S5M16(0.312) 8.0

Source; AWS A5 13:2000, Figure 1.

Figure 1—Pad for Chemical Analysis of Undiluted Weld Metal

(3) Dry tungsten carbide for a minimum period of two hours by holding in an oven at 250°F £ 25°F [120°C + 15°C].
(4)  Weigh the cleaned and dried tungsten carbide granules. Calculate the percentage of tungsten carbide from the
initial weight of the tube using the following formula:

Weight of clean and dry

‘ tungsten carbide granules
Tungsten carbide % = : % 100
Weight of electrode after

removal of covering
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11. Method of Manufacture

The electrodes classified according to this specification may be manufactured by any method that will produce material
that meets the requirements of this specification. For tungsten carbide electrodes, any carbon steel sheath material (typi-
cally C1008) that will not alter the matrix significantly may be used.

12. Standard Sizes and Lengths

12.1 Standard sizes (diameter of core wire) and lengths of electrodes and applicable tolerances shall be as shown in
Tables 6, 7, and 8.

Table 6
Standard Sizes and Lengths of Covered
Electrodes Using Solid Drawn Core Wire®

Electrode Sizes,
Diameter of Solid

Drawn Core Wire? Standard Lengths

in M in mi
5/64 (0.078) 2.0 9+1/4 230+ 10
3/32 (0.094) 2.4 9+1/4 230+ 10
(0.097) 2.5 12+ 1/4 300+ 10
/8 (0.125) 3.2] 14+ 1/4 350+ 10
5/32 (0.156) 4.0 14+ 1/4 350+ 10
316 (0. 187) 4.3“} 14+ 1/4 350+ 10
(0.197) 5.0 18+ 1/4 450+ 10
(0.236) 6.[}} 14+ 1/4 350+ 10
1/4 (0.250) 6.4¢ |8+ 1/4 450+ 10
5/16 (0.312) 8.0 14+ 1/4 350+ 10
18+ 1/4 450+ 10

* Other electrode diameters and lengths may be supplied as agreed between the

manufacturer and purchaser,

" Tolerance on the diameter shall be £ 0.002 in [+ 0.05 mm)]

¢ These metric sizes are not shown in 1SO 544,

Table 7
Standard Sizes and Lengths for Covered Cast and Composite Tubular Electrodes?

Standard Lengths
For Composite Tubular Electrodes

Electrode Si1zes, Nominal
Diameter of Core Wire?

For Cast Electrodes

in mim in mim in mm
1/8 (0.125) 3.2
5/32 (0.156) 4.0
3/16 (0. 187) 4,8¢ Oto 14 + 3/8 230 to 350 £ 10 Oto 14 +3/8 23010 350 £ 10
(0.197) 5.0
(0.236) 6.0 14+ 3/8 350+ 10
((0.236) 6.0 18 + 3/8 450+ 10
1/4 (0.250) (.4« 12 to 14 + 3/8 300 to 350 £ 10 14+ 3/8 350 + 10
1/4 (0.250) 6.4¢ 18 + 3/8 450+ 10
5/M16(0.312) 8.0 12to 14 + 3/8 300 o 350+ 10 14 + 3/8 350+ 10
5/16(0.312) 8.0 18 + 3/8 450 £ 10

* Other diameter and lengths of electrodes may be supplied as agreed between the manufacturer and the purchaser.
" Diameter tolerance shall be £ 0.02 in [£ 0.5 mm] from the nominal diameter.
“ These metric sizes are not shown in SO 544,
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Table 8
Standard Sizes and Lengths for Covered
Tungsten Carbide (WC) Electrodes

Electrode Sizes,
Diameter of Solid
Drawn Core Wire*

Standard Lengths

in min n mim
3/32 (0.094) 2.4 0+ 3/8 225+ 10
(0.098) 2.5 14 + 3/8 350+ 10
0+ 3/8 225+ 10
125 3,
/8 (0.125) 2 14+ 3/8 350+ 10
0+ 3/8 225+ 10
.
>/32 (0.156) +0 14+ 3/8 350+ 10
316 (0.187) 4 g8b 0O+ 3/8 225+ 10
(0.097) 5.0 14 + 3/8 350 £ 10
(0.236) 6.0 14 + 3/8 350+ 10
1/4 (0.250) 6.4 18 + 3/8 450+ 10
14 + 3/8 350+ 10
3 : . .
/16 (0-312) 8.0 185+ 3/8 450+ 10

* Diameter tolerance shall be £ 0.04 in [£1.0 mm]| from the nominal
diameter.
" These metric sizes are not shown in ISO 544,

13. Core Wire and Covering

Core wire and covering shall be free of defects that would interfere with uniform deposition of the electrode.

14. Exposed Core

14.1 The grip end of each electrode shall be bare (free of covering) for a distance of not less than 1/2 in [ 13 mm], nor more
than 1-1/2 in [38 mm]. to provide for electrical contact with the electrode holder.

14.2 The arc end of each electrode shall be sufficiently bare and the covering sufficiently tapered to permit easy striking
of the arc. The length of the bare portion, measured from the end of the core wire to the location where the full cross-
section of the covering is obtained, shall not exceed 1/8 in [3 mm] or the diameter of the core wire, whichever is less.
Electrodes with chipped coverings near the arc end, baring the core wire slightly more than the prescribed distance, may
be accepted provided no chip uncovers more than 50% of the circumference of the core.

14.3 Electrodes with electrically conductive coverings or strike tips may be exempt from the requirements of 14.2
providing they are capable of easy arc starting without stripping.

15. Electrode Identification

15.1 All electrodes, except dip-covered electrodes, shall be identified as follows:

15.1.1 At least one imprint of the electrode classification shall be applied to the electrode covering starting within
2-1/2 in [65 mm)] of the grip end of the electrode.

15.1.2 The numbers and letters of the imprint shall be of bold block type of a size large enough to be legible.

15.1.3 The ink used for imprinting shall provide sufficient contrast with the electrode covering so that, in normal use,
the numbers and letters are legible both before and after welding.
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15.1.4 The prefix letter E in the electrode classification may be omitted from the imprint.

15.2 Identification of dip-covered electrodes shall be as agreed upon between the purchaser and supplier. Imprinting is
not mandatory.

16. Packaging
16.1 Electrodes shall be suitably packaged to protect them against damage during shipment and storage under normal
conditions.

16.2 Standard package weights shall be as agreed between purchaser and supplier.

17. Marking of Packages

17.1 The following product information (as a minimum) shall be legibly marked on the outside of each unit package:
(1) AWS specification and classification designations (year of issue may be excluded)
(2) Supplier’s name and trade designation
(3) Size and net weight
(4) Lot, control, or heat number

17.2 The appropriate precautionary information’ as given in ANSI Z49.1,* latest edition (as a minimum) or its equivalent,
shall be prominently displayed in legible print on all packages of electrodes, including individual unit packages enclosed
within a larger package.

" Typical examples of “warning labels™ are shown in figures in ANSI Z49.1 for some common or specific consumables used with
certaln processes.
® ANSI Z49.1 is published by the American Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.
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