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Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME,” ASME logos,
or the ASME Single Certification Mark shall not be used on any item that is not constructed in
accordance with all of the applicable requirements of the Code or Standard. Use of the ASME
Single Certification Mark requires formal ASME certification; if no certification program is
available, such ASME markings may not be used. (For Certification and Accreditation Programs,
see https://www.asme.org/certification-accreditation.)

Items produced by parties not formally possessing an ASME Certificate may not be described,
either explicitly or implicitly, as ASME certified or approved in any code forms or othern document.
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This international code or standard was developed under procedures accredited as meeting the criteria for
American National Standards and it is an American National Standard. The standards committee that approved
the code or standard was balanced to ensure that individuals from competent and concerned interests had an op-
portunity to participate. The proposed code or standard was made available for public review and comment,
which provided an opportunity for additional public input from industry, academia, regulatory agencies, and
the public-at-large.

ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.
ASME does not take any position with respect to the validity of any patent rights asserted in connection with
any items mentioned in this document, and does not undertake to insure anyone utilizing a standard against lia-
bility for infringement of any applicable letters patent, nor does ASME assume any such liability. Users ofa‘code or
standard are expressly advised that determination of the validity of any such patent rights, and the. risk of infrin-
gement of such rights, is entirely their own responsibility.
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FOREWORD"

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee tofor-
mulate standard rules for the construction of steam boilers and other pressure vessels. In 2009, the Boiler and Pressure
Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

(c) Committee on Construction of Nuclear Facility Components (III)

(d) Committee on Heating Boilers (1V)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

(g9) Committee on Welding, Brazing, and Fusing (IX)

(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

Where reference is made to “the Committee” in this Foreword, each of.these committees is included individually and
collectively.

The Committee’s function is to establish rules of safety relating only to pressure integrity, which govern the
construction” of boilers, pressure vessels, transport tanks, anintclear components, and the inservice inspection of nu-
clear components and transport tanks. The Committee also-interprets these rules when questions arise regarding their
intent. The technical consistency of the Sections of the €odeand coordination of standards development activities of the
Committees is supported and guided by the Technical Oversight Management Committee. This Code does not address
other safety issues relating to the construction of bgilers, pressure vessels, transport tanks, or nuclear components, or
the inservice inspection of nuclear components ortransport tanks. Users of the Code should refer to the pertinent codes,
standards, laws, regulations, or other relevant'documents for safety issues other than those relating to pressure integ-
rity. Except for Sections XI and XII, and witli-a few other exceptions, the rules do not, of practical necessity, reflect the
likelihood and consequences of deterioration in service related to specific service fluids or external operating environ-
ments. In formulating the rules, the Geammittee considers the needs of users, manufacturers, and inspectors of pressure
vessels. The objective of the rulesis,to afford reasonably certain protection of life and property, and to provide a margin
for deterioration in service to,give a reasonably long, safe period of usefulness. Advancements in design and materials
and evidence of experienceshave been recognized.

This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inservice inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that are not specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education,experience, and the use of engineering judgment. The phrase engineering judgment refers to technical
judgments made’by knowledgeable engineers experienced in the application of the Code. Engineering judgments must
be consistent with Code philosophy, and such judgments must never be used to overrule mandatory requirements or
specifi¢’prohibitions of the Code.

The Committee recognizes that tools and techniques used for design and analysis change as technology progresses
arid-expects engineers to use good judgment in the application of these tools. The designer is responsible for complying
with Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code
neither requires nor prohibits the use of computers for the design or analysis of components constructed to the

" The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance
with ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or a con-
sensus process. In addition, it does not contain requirements necessary for conformance to the Code.

Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing,
certification, and overpressure protection.

vi
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requirements of the Code. However, designers and engineers using computer programs for design or analysis are cau-

tioned that they are responsible for all technical assumptions inherent in the programs they use and the application of
these programs to their design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any pro-
prietary or specific design, or as limiting in any way the manufacturer’s freedom to choose any method of design or any
form of construction that conforms to the Code rules.

The Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretationsof
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary in writing
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiriés\to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiriesswil be pre-
sented to the Committee for appropriate action. The action of the Committee becomes effective only after eénfirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Comimittee are sub-
mitted to the American National Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to
invite comments from all interested persons. After public review and final approval by ASME, revisions are published at
regular intervals in Editions of the Code.

The Committee does not rule on whether a component shall or shall not be constructed¢to the provisions of the Code.
The scope of each Section has been established to identify the components and parameters'considered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Codée rules are to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Gode are to be directed to the Commit-
tee. ASME is to be notified should questions arise concerning improper use of the ASME Single Certification Mark.

When required by context in this Section, the singular shall be interpréted- as the plural, and vice versa, and the fem-
inine, masculine, or neuter gender shall be treated as such other genden as appropriate.

The words “shall,” “should,” and “may” are used in this Standard-as. follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirement*nor a recommendation.

vii
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities in aceordance
with the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide-recognition
of organizations so authorized. An organization holding authorization to perform various activities in accordance with
the requirements of the Code may state this capability in its advertising literature.

Organizations that are authorized to use the ASME Single Certification Mark for marking items_or’constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessel Code are issued Certifi-
cates of Authorization. It is the aim of the Society to maintain the standing of the ASME Single.€ertification Mark for the
benefit of the users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply
with all requirements.

Based on these objectives, the following policy has been established on the usage in-advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to Code‘eonstruction. The American Society
of Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any-itém, construction, or activity and there
shall be no statements or implications that might so indicate. An organization‘helding the ASME Single Certification Mark
and/or a Certificate of Authorization may state in advertising literature that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with therequirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASME Boiler and Pregstire Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Single Certification Mark shall be used only forsstamping and nameplates as specifically provided in the
Code. However, facsimiles may be used for the purpose of*fostering the use of such construction. Such usage may be
by an association or a society, or by a holder of the ASME’Single Certification Mark who may also use the facsimile
in advertising to show that clearly specified items willcarry the ASME Single Certification Mark.

” o«

STATEMENT OF POLICY ON THE USE OF ASME MARKING TO
IDENTIFY MANUFACTURED ITEMS

The ASME Boiler and Rréssure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includeés requirements for materials, design, fabrication, examination, inspection, and stamping. Items
constructed in accerdance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described-in;the governing Section of the Code.

Markings such/as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shall-not’be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code.

Items shall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply
that\all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
coniplying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.

viii
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CORRESPONDENCE WITH THE COMMITTEE

General

ASME codes and standards are developed and maintained by committees with the intent to represent the consensus of
concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and Pressure
Vessel Code (BPVC) should be sent to the staff secretary noted on the Section’s committee web pagef-accessible at
https://go.asme.org/CSCommittees.

NOTE: See ASME BPVC Section II, Part D for guidelines on requesting approval of new materials. See Section I[-Part C for guidelines on re-
questing approval of new welding and brazing materials (“consumables”).

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to incorporate’changes that appear necessary or
desirable as demonstrated by the experience gained from the application of the Code. Approved revisions will be pub-
lished in the next edition of the Code.

In addition, the committee may post errata and Special Notices at http://ge:asme.org/BPVCerrata. Errata and Special
Notices become effective on the date posted. Users can register on the committee web page to receive e-mail notifica-
tions of posted errata and Special Notices.

This Code is always open for comment, and the committee welcomes proposals for revisions. Such proposals should
be as specific as possible, citing the paragraph number(s), the pfeposed wording, and a detailed description of the rea-
sons for the proposal, including any pertinent background information and supporting documentation.

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revisipn based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new matexnfal or process
(b) Users are cautioned that notall jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The committee will-consider proposed cases concerning the following topics only:
(1) equipment-torbe marked with the ASME Single Certification Mark, or
(2) equipment+to be constructed as a repair/replacement activity under the requirements of Section XI
(d) A proposed case shall be written as a question and reply in the same format as existing cases. The proposal shall
also includethe following information:
(1) a statement of need and background information
(2)ithe urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number(s) to which the proposed case applies
(4) the edition(s) of the Code to which the proposed case applies
(e) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases
books, “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supple-
ments. Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the
next edition of the Code. Annulments of Code Cases become effective six months after the first announcement of the
annulment in a Code Case Supplement or Edition of the approprlate Code Case book. The status of any case is available

clear Code Cases is avallable at http: //go asme. org/BPVCC

xXxxiii
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Interpretations

(a) Interpretations clarify existing Code requirements and are written as a question and reply. Interpretations do not
introduce new requirements. If a revision to resolve conflicting or incorrect wording is required to support the inter-
pretation, the committee will issue an intent interpretation in parallel with a revision to the Code.

(b) Upon request, the committee will render an interpretation of any requirement of the Code. An interpretation can
be rendered only in response to a request submitted through the online Interpretation Submittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail con-
firming receipt.

(c) ASME does not act as a consultant for specific engineering problems or for the general application or understand*
ing of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the request will be returned with the recommendation that such assistance be obtained. In-
quirers may track the status of their requests at http://go.asme.org/Interpretations.

(d) ASME procedures provide for reconsideration of any interpretation when or if additional information‘that might
affect an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the\cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

(e) Interpretations are published in the ASME Interpretations Database at http://go.asme.ofg/Interpretations as they
are issued.

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open to the public. Persons wishing to attend any meet-
ing should contact the secretary of the applicable committee. Information on future’committee meetings can be found at
http://go.asme.org/BCW.
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PREFACE

On January 3, 1919, ASME participated with several other organizations in a meeting to discuss the continuation.of
wartime research in welding. Out of that meeting, the American Welding Society was established and since that\time
there has been a constant and interwoven record of development by the American Welding Society and The American
Society of Mechanical Engineers of the techniques of welding. Through all of these great years of growth, - many of the
leaders in the field of engineering had the common interest of pressure equipment design and manufactdre and the de-
velopment of welding as a powerful tool in that manufacture. The evolution of this cooperative effortiis contained in
Professor A. M. Greene’s “History of the ASME Boiler Code,” which was published as a series of articles in Mechanical
Engineering from July 1952 through August 1953 and is now available from ASME in a special bound edition. The fol-
lowing quotation from this history based on the minutes of the Committee notes the cooperative)nature of the work done
in the area of welding.

“During 1919, a number of cases involving welding were referred by the Boiler Code Cominittee to the Subcommittee on
Welding.

“As the National Welding Council was to be discontinued, a new organization was t0'be formed to be known as the Amer-
ican Welding Society with which the American Bureau of Welding was to be affiliated. This was to be a body representing
the entire industry and would eliminate commercial aspects, undertake research-and standardization, and act as a judicial
body providing a medium for advancing the science and art of welding.”

In 1935 the AWS-ASTM Joint Committee on Filler Metal was organized*to provide standard specifications for welding
rods, electrodes, filler metals, and fluxes for this developing U.S. iddustry.

In 1969 these two sponsors agreed to dissolve this joint activity and to permit the American Welding Society to as-
sume sole responsibility for the family of welding rods, electrodes, filler metal, and flux specifications then in being.

In 1992, the ASME Board of Pressure Technology Codes7and Standards endorsed the use of materials produced to
other than AWS specifications. It is the intent of ASME ¢to follow its procedures and practices currently in use to imple-
ment the adoption of material specifications of AWS and other recognized national or international organizations.

Section II, Part C contains material specifications, most of which are identical to corresponding specifications pub-
lished by AWS and other recognized national orjinternational organizations. All adopted specifications are either repro-
duced in the Code, where permission to do s¢-has been obtained from the originating organization, or so referenced, and
information about how to obtain them frem)the originating organization is provided. The ASME Committee reviews all
material specifications submitted to it and if it is felt that there is any need to adapt them for Code purposes, revisions
are made to them. However, there is_constant liaison between ASME and AWS and other recognized national or inter-
national organizations, and there will be continuing effort to see that the specifications as produced by AWS and other
recognized national or interndtiohal organizations and those printed in the ASME Code are identical.

To assure that there will be @ clear understanding on the part of the users of Section II, ASME publishes both the iden-
tical specifications and those amended for Code usage every 2 years.

The ASME Boiler and,Pressure Vessel Code has been adopted into law by 50 states and many municipalities in the
United States and byrall of the Canadian provinces.
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GUIDELINE ON THE APPROVAL OF NEW WELDING AND BRAZING
MATERIAL CLASSIFICATIONS UNDER THE ASME BOILER AND
PRESSURE VESSEL CODE

Code Policy. It is the policy of the ASME Boiler and Pressure Vessel Committee to adopt for inclusion in Section H, Part
C, only such specifications as have been adopted by the American Welding Society (AWS), and by other recogniized na-
tional or international organizations.

It is expected that requests for Code approval will normally be for welding and brazing materials-(hereafter termed
“consumables”) for which there is a recognized national or international specification. For consumables made to a re-
cognized national or international specification other than those of the AWS, the inquirer shall give notice to the stan-
dards developing organization that a request has been made to ASME for adoption of their spécification under the ASME
Code, and shall request that the organization to grant ASME permission to reprint the stapdard. For other consumables,
arequest shall be made to the AWS, or a recognized national or international organizationyto develop a specification that
can be presented to the Code Committee.

It is the policy of the ASME Boiler and Pressure Vessel Committee to consider requeésts to adopt new consumables for
use by boiler, pressure vessel, or nuclear power plant component Manufacturers'or end users. Further, such requests
should be for consumables for which there is a reasonable expectation of.us€e’in a boiler, pressure vessel, or nuclear
power plant component constructed to the rules of one of the Sections-0f this Code.

Application. The inquirer shall identify to the Committee all product forms, size ranges, and specifications for which
incorporation is desired, and state whether or not the consumabletis\Covered by patents, whether or not it is licensed,
and if licensed, any limitations on its manufacture.

Weldability/Brazability. The inquirer shall furnish complete data on procedure qualification tests made in accor-
dance with the requirements of Section IX. Such tests shallbe made over the full range of base metal thickness in which
the consumable is to be used. Pertinent information ondeposited metal, such as effects from postweld heat treatment,
susceptibility to air hardening, effects of joining processes, expected notch toughness values, and the amount of experi-
ence in use of the consumable shall be given.

Physical Changes. For new consumables, itisiimportant to know the structural stability characteristics and the de-
gree of retention of properties with exposurezat temperature. The influence of welding or brazing and thermal treatment
operations on the mechanical properties,-ductility, and microstructure of the deposited metal are important, particularly
where degradation in properties may.ec¢cur. Where particular temperature ranges of exposure or heat treatment, cool-
ing rates, combinations of mechanicalworking and thermal treatments, fabrication practices, exposure to particular en-
vironments, etc., cause significant thanges in the mechanical properties, microstructure, resistance to brittle fracture,
etc,, it is of prime importance to-call attention to those conditions that should be avoided in service or in manufacture
of parts or vessels using the‘consumable.

Requests for Additional Data. The Committee may request additional data, including data on properties or depos-
ited metal behavior not explicitly treated in the construction Code in which adoption is desired.

Code Case. The:Code Committee will consider the issuance of an ASME Code Case, to be effective for a period of three
years, permitting/the treatment of a new welding or brazing material under an existing ASME Section IX grouping for
qualification ‘purposes, provided that the following conditions are met:

(a) Theinquirer provides evidence that a request for coverage of the consumable in a specification has been made to
the AWS-or a recognized national or international organization;

(b)the consumable is commercially available and can be purchased within the proposed specification requirements;

(c) the inquirer shows that there will be a reasonable demand for the consumable by industry and that there exists an
urgency for approval by means of a Code Case;

(d) the request for approval of the consumable shall clearly describe it in specification form, including applicable items
as scope, process, manufacture, conditions for delivery, heat treatment, chemical and tensile requirements, testing spe-
cifications and requirements, workmanship, finish, marking, inspection, and rejection;

(f) the inquirer shall furnish the Code Committee with all the data specified in this Guideline.
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Requirements for Requests for ASME Acceptance of Welding and Brazing Material Specifications to Recog-

nized National or International Standards Other Than the AWS. The Committee will consider only requests in ac-
cordance with the Boiler and Pressure Vessel Committee Operating and Administrative Procedures, OP-8.6 (English
language: U.S. or SI/metric units). The Committee will consider accepting specifications of recognized national or inter-
national organizations in accordance with OP-8.6 such as, but not limited to, AWS, CSA, CEN, DIN, and JIS. Consumable
specifications of other than national or international organizations, such as those of consumable producers and suppli-
ers, will not be considered for acceptance.

Requirements for Recognized National or International Specifications. Acceptable consumable specifications will
be identified by date or edition. Approved edition(s) will be stated in the subtitle of the ASME specification. Minimum
requirements that must be contained in a consumable specification for which acceptance is being requested include such
items as name of national or international organization, scope, reference documents, process, manufacture;‘cenditions
for delivery, heat treatment, chemical and tensile requirements, testing specifications and requirements, werkmanship,
finish, marking, inspection, and rejection.

Publication of Recognized National or International Specifications. Specifications for whichl ASME has not been
given permission to publish by the originating organization will be referenced on a cover sheet;insappropriate Appen-
dices in Section II, Part C, along with information xxix on where to obtain a copy of those documeénts. Documents that are
referenced in non-AWS consumable specifications will not be published by ASME. Howeyver, information on where to
obtain a copy of those documents will be maintained in Section II, Part C. Additions and\eXceptions to the consumable
specification will be noted in the subtitle of the specification.

New Welding and Brazing Materials Checklist. To assist inquirers desiring Code coverage for new consumables, or
extending coverage of existing consumables, the Committee has developed the following checklist of items that ought to
be addressed by each inquiry. The Committee reserves the right to request additional data and application information
when considering new consumables.

(a) Has a qualified inquirer request been provided?

(b) Has a request for either revision to existing Code requirements.or for a Code Case been defined?

(c) Has a letter to the AWS been submitted requesting coverage of the new consumable in a specification, and has a
copy been submitted to the Committee? Alternatively, is this consimable already covered by a specification issued by a
recognized national or international organization, and hasan English language version been provided?

(d) Has the Construction Code and Division coverage been identified?

(e) Have mechanical property data been submitted-(ultimate tensile strength, yield strength, reduction of area, and
elongation) for each intended joining process?

(f) Have toughness considerations required.-by the Construction Code been defined and has appropriate data been
submitted?

(g) Have joining requirements been definted and has procedure qualification test data been submitted?

(h) Has influence of fabrication practices on deposited metal properties been defined?
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SUMMARY OF CHANGES

Changes listed below are identified on the pages by a margin note, (23), placed next to the affected area.

Page

\'%4

ix
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xxxiii

XXXiX

109
149
289
323
411
469
493
547
581
695
743
757
807
853
899
925
945

Location

List of Sections

Personnel

AWS Personnel

Correspondence With the

Committee

Cross-Referencing in the

ASME BPVC
SFA-5.4/SFA-5.4M
SFA-5.5/SFA-5.5M
SFA-5.9/SFA-5.9M
SFA-5.10/SFA-5.10M
SFA-5.13/SFA-5.13M
SFA-5.15
SFA-5.16/SFA-5.16M
SFA-5.18/SFA-5.18M
SFA-5.20/SFA-5.20M
SFA-5.23/SFA-5.23M
SFA-5.24/SFA-5.24M
SFA-5.25/SFA-5:25M
SFA-5.28/SFA-5.28M
SFA-5,29/SFA-5.29M
SFA-5.30/SFA-5.30M
SFA-5.31M/SFA-5.31
SFA-5.32M/SFA-5.32

Change

(1) Under Section III, Division 4 added

(2) Title of Section XI and subtitle of Section XI, Division 2 revised

(3) Information on interpretations and Code cases moved to
“Correspondence With the Committee”

Updated
Updated

Added (replaces “Submittal of Technical lnquiries to the Boiler and
Pressure Vessel Standards Committees®)

Updated

Revised in its entirety
Revised in its entirety,
Revised in its entirety
Revised in its.entifety
Revised intits‘entirety
RevisedHin its entirety
Révised in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety

Revised in its entirety
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CROSS-REFERENCING IN THE ASME BPVC (23

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guidé.to
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

(1) First-level breakdowns are designated as (a), (b), (c), etc.

(2) Second-level breakdowns are designated as (1), (2), (3), etc.
(3) Third-level breakdowns are designated as (-a), (-b), (-c), etc.
(4) Fourth-level breakdowns are designated as (-1), (-2), (-3), etc.
(5) Fifth-level breakdowns are designated as (+a), (+b), (+c), etc.
(6) Sixth-level breakdowns are designated as (+1), (+2), etc.

(b) Cross-References to Subparagraph Breakdowns. Cross-references within an alphafnumerically designated para-
graph (e.g., PG-1, UIG-56.1, NCD-3223) do not include the alphanumerical designator-of that paragraph. The cross-
references to subparagraph breakdowns follow the hierarchy of the designators under which the breakdown appears.
The following examples show the format:

(1) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).

(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (1J(-a).

(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as_(c)(1)(-a)-
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).
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ASME BPVC.IL.C-2023 SFA-5.01M/SFA-5.01

WELDING AND BRAZING CONSUMABLES —
PROCUREMENT OF FILLER MATERIALS AND FLUXES

@Z@ SFA-5.01M/SFA-5.01

®

(Identical with AWS Specification A5.01M/A5.01:2019(ISO 14344:2010 MOD). In case of dispute, the original AWS text
applies.)
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SFA-5.01M/SFA-5.01 ASME BPVC.IL.C-2023

Welding-and Brazing Consumables

Procurement of Filler Materials and Fluxes

1. Scope

1.1 This standard identifies various information necessary for communication between a purchaser and a supplier of
welding or brazing consumables. This standard, together with an AWS, ISO, or other recognized welding or brazing
consumable standard, provides a method for preparing those specific details needed for welding and brazing consumable
procurement which consist of the following:

(1) the welding or brazing consumable classification (selected from the pertinent AWS, ISO, or other~applicable
welding or brazing consumable standard);

(2) the lot class (selected from Clause 4 of this standard),
(3) the testing schedule (selected from Clause 5 of this standard).

Selection of the specific welding or brazing consumable classification, lot class, and testing schedule will depend upon
the requirements of the application for which the consumable is being procured.

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 indepepdently of the other without combining in
any way when referring to weld metal properties. The specification with thedesignation A5.0IM uses SI Units. The spec-
ification A5.01 uses U.S. Customary Units. The latter are shown within“bpackets [ | or in appropriate columns in tables
and figures. The standard dimensions based on either system may beusSed for the sizing of electrodes, packaging, or both
under A5.0IM or A5.01 specifications.

2. Normative References

The following normative documents contain proyisions which, through references in this text, constitute provisions of
this standard. For dated references, subsequent amiendments to, or revisions of, any of these publications do not apply.
However, parties to agreements based on this Standard are encouraged to investigate the possibility of applying the most
recent editions of the normative documentSundicated below. For undated references, the latest editions of the normative
documents referred to apply. Members.of ISO and IEC maintain registers of currently valid International Standards.

2.1 The following AWS standards_ are referenced in the mandatory section of this document.

AWS A3.0 M/A3.0, Standard Terms and Definitions, Including Terms for Adhesive Bonding, Brazing, Soldering,
Thermal Cutting, and Thermal Spraying

AWS A5.02/A5.02M Specification for Filler Metal Standard Sizes, Packaging, and Physical Attributes
2.2 The followingISO standards are referenced in the mandatory section of this document.

ISO 544 Welding consumables — Technical delivery conditions for welding filler materials — Type of product,
dimensiaons] tolerances and markings

1SQ 10474, Steel and steel products — Inspection documents
2.3 The following EN standard is referenced in the mandatory section of this document.

EN 10204, Metallic Products — Types of Inspection Documents
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ASME BPVC.IL.C-2023 SFA-5.01M/SFA-5.01

3. Terms and Definitions

In production, the components of welding or brazing consumables shall be divided into discrete quantities so that satis-
factory tests with a sample from that quantity will establish that the entire quantity meets specification requirements.
These quantities, known by such terms as heats, lots, blends, batches and mixes, vary in size according to the manufac-
turer. For identification purposes, each manufacturer assigns a unique designation to each quantity. This designation usu-
ally consists of a series of numbers or letters, or combinations thereof, which will enable the manufacturer to determine
the date and time (or shift) of manufacture, the raw materials used, and the details of the procedures used in producing
the welding or brazing consumable. This designation stays with the welding or brazing consumable and can be used-to
identify the material later, in those cases in which identification is necessary.

AWS A3.0M/A3.0, Standard Welding Terms and Definitions, provides the basis for terms and definitions useéd herein.
However, the following terms and definitions are included below to accommodate usage specific to this(dgcument.

3.1 Dry Batch. The quantity of dry ingredients mixed at one time in one mixing vessel.

NOTE: Liquid(s), such as binders, when added to a dry batch, produce a wet mix. A dry batCh'may be divided into
homogeneous smaller quantities, in which case addition of the liquid(s) produces a<errésponding number of
smaller wet mixes.

3.2 Dry Blend. Two or more dry batches from which quantities of each are combingd proportionately, then mixed in a
mixing vessel to produce a larger quantity in which the ingredients are as uniformly-dispersed as they would have been
had the entire quantity been mixed together at one time in one large mixer.

NOTE: A dry blend, as in the case of a dry batch, may be used singly, ‘er/divided into smaller quantities, in which
case addition of liquid(s) produces a corresponding number of smaller“wet mixes.

3.3 Wet Mix. The combination of liquid(s) and a dry batch, dry blend, or a portion thereof, mixed at one time in one
mixing vessel.

3.4 Heat. For fully metallic consumables, or the fully metalli¢ rod, tube, or strip used to fabricate tubular cored or cov-
ered electrodes and rods the following apply. The specific definition is dependent on the method of melting and refining
of the metal:

3.4.1 The material obtained from one furnace\melt, where slag-metal or gas-metal reactions occur in producing the
specified alloy (e.g., open hearth, electric ar¢y.basic oxygen, argon-oxygen processes). Mill splicing of coils from differ-
ent heats is not permitted, and coils containing transition heats may not be classified in this manner.

3.4.2 An uninterrupted series of pielts from one controlled batch of metals and alloying ingredients in one melting
furnace under the same melting conditions, each melt conforming to the chemical composition range approved by the
purchaser of the material (i.e., the producer of the welding or brazing consumable) where significant chemical reactions
do not occur in producing the-specified alloy (e.g., induction melting in a controlled atmosphere or in a vacuum).

3.4.3 An uninterrupted Series of remelts in one furnace under the same remelting conditions using one or more con-
sumable electrodes preduced from a single heat, each remelt conforming to the chemical composition range approved by
the purchaser of the material (i.e., the producer of the welding or brazing consumable) in processes involving continuous
melting and casting (e.g., consumable electrode remelt).

3.5 Controlled Chemical Composition

3:5.1.Covering or core ingredients consisting of one or more wet mixes, dry batches, or dry blends that are subjected
to(sufficient tests to assure that all within the lot are equivalent. These tests shall include chemical analysis, the results of
which shall fall within the manufacturer’s acceptance limits. The identification of the test procedure and the results of
the tests shall be recorded.

3.5.2 Fully metallic consumables, or the fully metallic rod, tube, or strip used to fabricate tubular cored or covered
electrodes that consist of mill coils of one or more heats from which samples have been taken for chemical analysis and
validated as described in this clause. Mill coils from mills that do not permit spliced-coil practice need to be sampled
only on one end. Coils from mills that permit spliced-coil practice with a maximum of one splice per coil need to be
sampled on both ends. Coils with more than one splice are not permitted under this definition. The results of the analysis

of each sample shall be recorded and be within the manufacturer’s composition limits for that material.
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3.6 Lot. A unique identifying designation for a specific type and quantity of welding or brazing consumable, usually

beginning with the word “lot” and followed by a series of numbers and/or letters. The lot class, as identified in Clause 4,
details the requirements for grouping consumables into a single lot.

3.7 Production Schedule. A manufacturing campaign of a single lot number produced by either a single manufacturing
operation or a series of manufacturing operations, any of which is uninterrupted by the production of any other product
or any other lot number of the same product.

3.8 Certificate of Compliance. A statement that the product meets the requirements of the AWS, ISO, or other applicax
ble welding or brazing consumable specification/classification.

A summary of results may be included and may be in the form of averages, ranges, or single representative value§ and is
not necessarily from a single set of tests run at the same time, or even unique for a specific size.

3.9 Certificate of Conformance. A test report documenting that the product meets the requirements of, the AWS, ISO,
or other applicable welding or brazing consumable specification/classification.

The reported results shall be in the form of a single set of tests run at the same time, using representative material/prod-
uct, and may be for a specific size (diameter) or for all sizes (diameters) required to be testéd for classification. Actual
test values for all tests required for the AWS, ISO, or other applicable welding or brazingseonsumable classification shall
be reported and include a date showing when these actual tests were completed. The repert shall not consist of averages,
ranges, or single random or “representative” values. It is not usually specific to the astdal material supplied.

The date when the test(s) were actually completed must be shown, but there,is 10 requirement as to how recently they
must have been completed (e.g., within 12 months of the date of the purchase-order, etc.).

3.10 Certified Material Test Report (CMTR). A CMTR is a test réport where there is specific reference to the tests
being conducted on the actual material supplied. The CMTR may.contain results of some or all of the tests required for
classification, or other tests as agreed upon by the purchaser anéd-supplier. Several examples of what these may include
follow.

(1) Chemical analysis only (per each heat or lot, for¢he size supplied)—Schedule 3 or H per AWS A5.01M/AS.01.

(2) Tests listed in Table 2 of AWS A5.01M/AS:@1 (per each heat or lot, for the size supplied)—Schedule 4 or I per
AWS A5.01M/AS5.01.

(3) All tests required for classification pet’the applicable AWS or ISO specification (per each heat or lot, for the size
supplied)—Schedule 5 or J per AWS AS.01M/A5.01.

(4) Any additional tests requirediby the purchaser (per each heat or lot, for the size supplied)—Schedule 6 or K per
AWS A5.01M/AS5.01.

3.11 Material Test Reporxt (MTR). An MTR is a report documenting the results of tests performed by the manufacturer
to fulfill the requireménts' of the material specification. Results of tests performed to meet supplementary or special
requirements specified by the purchaser may also be included on the MTR. An MTR shall identify the applicable mate-
rial specificationsand shall include unique identification linking it to the actual material supplied. A Certificate of Con-
formance, Ceitificate of Compliance, or “Typical” Test report are not considered acceptable replacements for, or
equivalent to-an MTR. A CMTR is a certified copy of an MTR.

3.12. Typical Test Report (“Typical”’). A Typical Test Report is a nonstandard term which does not have a consistent
definition. See Certificate of Compliance or Certificate of Conformance.

4. Lot Class

A Lot Class is a two character designation consisting of a letter representing the form of the consumable at its final size
and a number designating how the grouping of a quantity of consumables into a single lot is allowed. The lot class shall

be selected by the purchaser from those listed below.
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4.1 Fully Metallic Solid Consumables

4.1.1 Lot Class S1. The quantity of fully metallic solid welding or brazing consumables not exceeding the manufac-
turer’s standard lot, as defined in the manufacturer’s quality assurance program.

4.1.2 Lot Class S2. The quantity not exceeding 45 000 kg [100 000 Ib] of one fully metallic solid welding or brazing
consumable classification, size, form, and temper produced in 24 hours of consecutively scheduled production (i.e., con-
secutive normal work shifts) from one heat as defined in 3.4 or from controlled chemical composition material as
defined in 3.5.2. For production schedules consisting of a series of manufacturing operations, only those that signifi=
cantly affect the chemical composition or operability as defined in the manufacturer’s quality system are limited-to the
24-hour restriction. In these cases, each of those individual manufacturing operations rather than the manufacturing
campaign is subject to an independent 24-hour restriction.

4.1.3 Lot Class S3. The quantity of one fully metallic solid welding or brazing consumable classification and one
size produced in one production schedule as defined in 3.7 from one heat as defined in 3.4.

4.1.4 Lot Class S4. The quantity not exceeding 45 000 kg [100 000 Ib] of one fully metalli¢’solid welding or brazing
consumable classification, size, form, and temper produced under one production schedule’as defined in 3.7 from one
heat as defined in 3.4 or from controlled chemical composition material as defined in 3.5:2.

4.2 Tubular Cored Electrodes and Rods

4.2.1 Lot Class T1. The quantity of tubular welding consumables not exceeding the manufacturer’s standard lot, as
defined in the manufacturer’s quality assurance program.

4.2.2 Lot Class T2. The quantity not exceeding 45 000 kg [100 0001b] of one tubular welding consumable classifica-
tion and size produced in 24 hours of consecutively scheduled production (i.e., consecutive normal work shifts) from
rod, tube, or strip from one heat as defined in 3.4 or by contrelléd chemical composition as defined in 3.5.2, and core
ingredients from one dry batch as defined in 3.1, one dry blend as defined in 3.2, or controlled chemical composition as
defined in 3.5.1. For production schedules consisting of ‘@~séries of manufacturing operations, only those that signifi-
cantly affect the chemical composition or operability as\defined in the manufacturer’s quality system are limited to the
24-hour restriction. In these cases, each of those dndividual manufacturing operations rather than the manufacturing
campaign is subject to an independent 24-hour festriction.

4.2.3 Lot Class T3. The quantity of one tubular welding consumable classification and size produced from rod, tube,
or strip from one heat as defined in 3.4 and core ingredients from one dry batch as defined in 3.1 or one dry blend as
defined in 3.2.

4.2.4 Lot Class T4. The quantity not exceeding 45 000 kg [100 000 Ib] of one tubular welding consumable classifica-
tion and size produced under ene’production schedule as defined in 3.7 from rod, tube, or strip from one heat as defined
in 3.4 or by controlled chemical composition as defined in 3.5.2, and core ingredients from one dry batch as defined in
3.1, one dry blend as defined in 3.2, or controlled chemical composition as defined in 3.5.1.

4.3 Covered Electrodes

4.3.1 Lot Class C1. The quantity of covered electrodes not exceeding the manufacturer’s standard lot, as defined in
the manufacturer’s quality assurance program.

43.2 Lot Class C2. The quantity not exceeding 45 000 kg [100 000 1b] of one covered electrode welding consumable
classification and size produced in 24 hours of consecutively scheduled production (i.e., consecutive normal work
shifts). For production schedules consisting of a series of manufacturing operations, only those that significantly affect
the chemical composition or operability as defined in the manufacturer’s quality system are limited to the 24-hour
restriction. In these cases, each of those individual manufacturing operations rather than the manufacturing campaign is
subject to an independent 24-hour restriction.

4.3.3 Lot Class C3. The quantity not exceeding 45 000 kg [100 000 1b] of one covered electrode welding consumable
classification and size produced under one production schedule as defined in 3.7 from core wire from one heat as defined
in 3.4 or controlled chemical composition as defined in 3.5.2, and covering ingredients from one wet mix as defined in

3.3 or controlled chemical composition as defined in 3.5.1.
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4.3.4 Lot Class C4. The quantity of one covered electrode welding consumable classification and size produced from

core wire from one heat as defined in 3.4 and covering ingredients from one wet mix as defined in 3.3.

4.3.5 Lot Class C5. The quantity of one covered electrode welding consumable classification and size produced from
core wire from one heat as defined in 3.4 and covering ingredients from one dry batch as defined in 3.1 or one dry blend
as defined in 3.2.

4.4 Fluxes for Submerged Arc and Electroslag Welding

4.4.1 Lot Class F1. The quantity of flux not exceeding the manufacturer’s standard lot, as defined in the manufac-
turer’s quality assurance program.

4.4.2 Lot Class F2. The quantity of flux produced from the same combination of raw materials under one produ€ction
schedule as defined in 3.7.

5. Level of Testing
Table 1 provides a summary of the levels of testing described below.

5.1 Schedule 1 or F. The level of testing shall be the manufacturer’s standard. A statement, “the product supplied will
meet the requirements of the applicable AWS, ISO, or other applicable welding consumable standard when tested in
accordance with that standard” and a summary of the typical properties of the material)when tested in that manner, shall
be supplied upon written request.

5.2 Schedule 2 or G. Test results shall be supplied from any product manufagtured within twelve months preceding the
date of the purchase order. This shall include results of all tests required for that classification in the AWS, ISO, or other
applicable welding or brazing consumable standard.

5.3 Schedule 3 or H. Chemical analysis of the specific lot of conSumables shall be supplied. The analysis shall include
those elements required for that classification in the AWS, ISO, or other applicable welding or brazing consumable standard.

5.4 Schedule 4 or 1. Results of the tests called for in Table2,for the specific lot of consumables shall be supplied. These
tests represent a consensus of those frequently requested/for consumables certification; however, they do not necessarily
include all tests required for Schedule 5 or J. The tests\shall be performed as prescribed for that classification in the AWS
standard.

Table 1
Testing Schedules?
Reference Minimum Inspection
Schedule® Requirements Clause Document Type¢

lorF The manufacturer’s standard testing schedule 5.1 2.2
2orG Classification tests from product manufactured within 12 months 5.2 2.2

preceding the date of the purchase order
3 orH Chemical analysis of the specific lot 53 3.1
4or 1 Tests called for by Table 2, for the specific lot 54 3.1
Sorl] All tests prescribed for classification in the AWS, ISO, or other 5.5 3.1

applicable welding or brazing consumable standard, for the specific

lot
6 or K All tests specified by the purchaser for the specific lot 5.6 3.1

4 Testing shall be conducted in accordance with the applicable filler metal classification standard, unless otherwise agreed upon by purchaser and seller.
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¢ Inspection document types per ISO 10474 or EN 10204. See these standards for detailed requirements.
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5.5 Schedule 5 or J. Results of all of the tests required for classification in the AWS, ISO, or other applicable welding or

brazing consumable standard for the specific lot of consumables shall be supplied.

5.6 Schedule 6 or K. In addition to, or in place of, any of the tests called for in the AWS, ISO, or other applicable weld-
ing or brazing consumable standard, the purchaser may require other tests (such as testing after a specified heat treat-
ment). In all such cases, the purchaser shall identify on the purchase order the specific tests that are to be conducted, the
procedures to be followed, the requirements that shall be met and the results to be reported for the specific lot of
consumables.
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Annex-A-(Normative)
Ann )
Quality Assurance

This annex is part of this standard and includes mandatory elements for use with this standard.

Al. Manufacturer’s or Supplier’s Quality Assurance System

A1.1 The certification of the product is accomplished through a quality assurance program, by which the manufacturer
or supplier verifies that the product meets the requirements of this specification. Such a program includes planning, doc-
umentation, surveillance, inspection, testing, and certification of the test results. It also includes control of.the inspection
and measuring equipment, as well as control of any nonconforming material. It involves auditing ¢f the activities and
provides for developing and implementing any corrective action that may become necessary.

A1.2 Tt is the responsibility of the purchaser to review the quality assurance program of the manufacturer or supplier for
conformance to the purchaser’s specific requirements.

A1.3 Suppliers who receive electrodes in bulk and package them for distribution, er Who repackage under their own
label shall as a minimum maintain an adequate control system to ensure that thespackage contents are traceable to the
original manufacturer’s records. Additional quality assurance requirements shall be as agreed between the purchaser and
the supplier.

Al1.4 See AWS A5.02/A5.02M, Specification for Filler Metal Standard/Sizes, Packaging, and Physical Attributes, for
packaging information. ISO 544, Welding consumables — Technical. delivery conditions for welding filler materials —
Type of product, dimensions, tolerances and markings, could also‘be\a suitable standard.

A2. Retest

If the results of any test fail to meet the requiremént, 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 a new test assembly or sample. For chemical analysis, retest need be only for those specific elements that failed
to meet the test requirement. If the results.of‘ene 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 test sample(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.mleet, 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.

A3. Supplementary Requirements—Department of Defense

When speeified for products used in construction for the United States Department of Defense, one or more of the fol-
lowing clauses may be used in contracts.

A3.1 Alloy Identity. Alloy identity procedures provide type separation through quality checks at all phases of produc-
tion in the manufacture of filler metals. The test method may include chemical analysis, metal sorting devices, other
approved methods or a combination of methods. When required, alloy identity procedures shall be specified in Procure-

10
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ment Detail Forms using Item III, “Other Requirements.” See Tables B1 through B7 (in Annex B) for Procurement

Detail Forms and examples of their use.

A3.1.1 Electrode, Rod, and Core Wire Alloy Identity. Each end of rod, wire, or strip to be spliced during process-
ing shall be tested for alloy identity prior to rewinding, spooling, or straightening and cutting into rods or electrode core
wire lengths.

A3.1.2 Single Coil. For continuous process operations where a single rod coil is drawn to finish size, straightened
and cut to length without removal from the machine, both ends of each rod coil shall be alloy identity tested immediatély
prior to the start of the continuous processing operation.

A3.1.3 Multiple Coils. When multiple coils are to be spliced during continuous processing operations, each end of
each coil to be spliced shall be alloy identity tested at the process station just prior to splicing. In addition,-the leading
end of the first coil and the tail end of the last coil for each continuous process run shall be alloy identity fested.

11
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Annex B (Informative)
) LI | ’

Guide to Welding and Brazing Consumables—
Procurement of Filler Materials and Fluxes

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

B1. Introduction

This guide is appended to the specification as a source of information; it is not mandatory and does-nof form a part of the
specification. Its purpose is to provide descriptive information and examples that will aid in the use of AWS
A5.01M/A5.01:2019 (ISO 14344:2010 MOD), Welding and Brazing Consumables—Procurement of Filler Materials
and Fluxes.

B2. General Information

The general requirements, testing requirements and procedures, method,of manufacture, identification, and packaging
for filler metals are specified in the filler metal specification and are not’intended to be duplicated or modified in this
specification, except as the purchaser specifies. The complete list\of’AWS filler metal specifications including AWS
AS5.02/A5.02M:2007, Specification for Filler Metal Standard $Sizes, Packaging, and Physical Attributes, is given for
reference in the back of this document.

Those specifications, used in conjunction with these Procurement Guidelines, provide a basis for specifying in a pro-
curement document the filler metal requirements in’a precise, reproducible, uniform manner.

The Procurement Detail Forms in Tables B.1 thteugh B.5 are suggested forms intended to serve as a check list for detail-
ing filler metal requirements for procuremeént. They could also serve as a basis for efficient communication between
departments within an organization (e.g.,»¢ommunication between welding or production departments and purchasing
concerning the specific requirements-for filler metal to be procured).

B3. Acceptance

The acceptance of welding or brazing consumables classified under AWS filler metal specifications is in accordance
with the tests andirequirements of the applicable filler metal specification. Any testing a purchaser requires of the sup-
plier, for filler metal shipped in accordance with a filler metal specification, needs to be clearly stated in the purchase
order accgording to the provisions of this specification. In the absence of any such statement in the purchase order, the
supplié¢r may ship the filler metal with whatever testing the supplier normally conducts on filler metal of that classifica-
tion\Thus, the default for testing schedule is Schedule 1 or F, and the default for Lot Class is S1, T1, C1, or F1, as appli-
gable. Testing in accordance with any other Schedule or classification to any other Lot Class must be specifically
required by the purchase order. In such cases, acceptance of the material shipped will be in accordance with those
requirements.

12
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B4. Certification

The act of placing the AWS specification and classification designations, and optional supplemental designators, if
applicable, on the packaging enclosing the product, or the classification on the product itself, constitutes the supplier’s or
manufacturer’s certification that the product meets all of the requirements of the specification. The only testing require-
ment implicit in this certification is that the manufacturer has actually conducted the tests required by the specification
on material that is representative of that being shipped and that that material met the requirements of the specification,
Representative material, in this case, is material from any production run of that classification using the same formulas
tion. Certification is not to be construed to mean that tests of any kind were necessarily conducted on samples of the\spe-
cific material shipped. Tests on such material may or may not have been conducted. The basis for the certification
required by the specification is the classification test of representative material cited above, and the Marnufacturer’s
Quality Assurance Program in AWS A5.01 M/A5.01 (ISO 14344 MOD).

BS. Examples
Examples of the manner in which the Procurement Detail Forms might be used are given ifi'Tables B.6 and B.7.

In Table B.6, the four examples demonstrate the manner in which different packagingslot classification, supplemental
designators, and testing requirements would be specified in a purchase order for 1000Tb of 3/16 in diameter E7018 elec-
trodes. The differences are summarized below.

Example 1. The test and certification requirements specified are those the¢ manufacturer of the electrodes uses as
“standard practice” in the conduct of the manufacturer’s business (see Table/1 in the body of this specification).

Example 2. Requirements include 10 1b unit packages, a -1 (read-as\‘dash one”) supplemental designator, and, for the
lot supplied, a certificate showing the results of the chemical andlysis, the tensile, impact, and soundness tests, and the
moisture content of the covering (for low-hydrogen electrodes,\a$ the filler metal specification requires). (See Tables 1
and 2.) The lot classification, in this case, is the manufacturer’s standard lot (see 4.3.1).

Example 3. Requirements include 10 1b unit packages, an H4 supplemental designator, and, for the lot supplied, a
certificate showing the results of all tests AWS AS5.d4 requires for the classification of E7018 electrodes. The definition of
the lot classification, in this case, is given in 4.3.8.

Example 4. The requirements here are the'same as in Example 3, except that the electrode length is 18 in and the sup-
plemental designator is H4R. The lot classification is as defined in 4.3.2 and the level of testing is that which the pur-
chaser has specified in Item III, Other-Requirements. Those tests, in this case, would be the tests required for classifica-
tion of the electrode, except that thesmechanical property tests (strength and toughness) would be conducted on weld
metal obtained from the test assembly after the assembly had been given a postweld heat treatment at 650°C + 15°C
[1200°F = 25°F] for 12 hours Wwith the heating and cooling rates specified in Item III, Other Requirements.

Examples S and 6. Table B.7 demonstrates the use of the Procurement Detail Form for listing the requirements for
obtaining straight lengths (rods) and spooled (electrode) aluminum filler metal to filler metal specification AWS
AS5.10/A5.10M, Welding Consumables—Wire Electrodes, Wires and Rods for Welding of Aluminum and Aluminum
Alloys—Classification. Example 5 is for rods and Example 6 is for spooled electrodes. In both cases, the tests to be con-
ducted are these called for in Table 2, as indicated by Schedule 4 or I (see Table 1 for description). The tests for alumi-
num rods ‘ar¢ different from those for aluminum electrodes, but no other requirements are specified in this case.
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TabteB:1
Suggested Procurement Detail Form for Covered Electrodes

I. General

Quantity

AWS Specification

AWS Classification

Supplemental Designators, if required

Diameter

Length

@ m =m o 0w @

Unit Package Type and Weight

1. Carton

2. Can

3. Other

II. Certification and Testing

A. Lot Classification (4.3)

B. Level of Testing (5.1 through 5.6)

III. Other Requirements

14
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Tabte B:2
Suggested Procurement Detail Form
for Bare Solid Electrodes and Rods

I. General

A. Quantity

B. AWS Specification

C. AWS C(lassification

D. Supplemental Designators,iffrseguiiset
E. Diameter

F.  Length (for rods)

G.

Unit Package Type and Weight

1. Spool
. Coil with Support

. Coil without Support

. Drum

. Straight Lengths

2
3
4. Rim (reel)
5
6
7

. Other

II. Certification and Testing

A. Lot Classification (4.1)

B. Level of Testing (5.1 through'5.6)

III. Other Requirements

15
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Tabte B3
Suggested Procurement Detail Form for
Flux Cored and Metal Cored Electrodes and Rods

I. General

Quantity

mEm o 0w

1.

6.

“wn A LN

AWS Specification

AWS Classification

Diameter

Unit Package Type and Weight

Spool

. Coil with Support
. Coil without Support

. Rim (reel)

Drum

Other

II. Certification and Testing

A. Lot Classification (4.2)

B. Level of Testing (5.1 through 5.6)

III. Other Requirements

Supplemental Designators, if required

16
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Electrodes and Flux and Brazing and Braze Welding Filler Metal

s Pl } DA
Fablte B4

Suggested Procurement Detail form for Submerged Arc

Electrode or Rod Flux

Mmoo w p

1.

2
3
4,
5
6
7

General

Quantity

AWS Specification

AWS Classification

Supplemental Designators, if required
Diameter

Unit Package Type and Weight

Spool

. Coil with Support

. Coil without Support

Rim (reel)

. Drum
. Bag, Box, or Drum (for flux)
. Other

II. Certification and Testing

A. Lot Classification (4.1 and 4.4)

B. Level of Testing (5.1 through)5.6)

III. Other Requirements

Table B.5
Suggested Procurement Detail Form for Consumable Inserts

I. General

T WO 0w

Quantity?

AWS Specification
AWS Classification
Shape (Class)
Style

Size

II. Certification and Testing

A. Lot Classification (4.1)

B. Level of Testing (5.1 through 5.6)

III. Other Requirements

2 Number of pieces or meters [feet], according to the style.

17


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

SFA-5.01M/SFA-5.01

ASME BPVC.IL.C-2023

Table B6
Example of Use of the Procurement Detail Form for Covered Electrodes
Example 1 Example 2 Example 3 Example 4
I. General
A. Quality 1000 Ibs 1000 Ibs 1000 1bs 1000 Ibs
B. AWS Specification AS5.1 A5.1 AS5.1 AS5.1
C. AWS Classification E7018 E7018 E7018 E7018
D. Supplemental Designators -1 H4 H4R
E. Diameter 3/16 in 3/16 in 3/16 in 3/16/in
F. Length 14 in 14 in 14 in 18 in
G. Unit Package Type and Weight
1. Carton 501b
2. Can 101b 101b 101b
3. Other
II. Certification and Testing
A. Lot Classification C1 Cl1 C3 Cc2
B. Level of Testing Schedule 1 or F Schedule 4 or I Schedule 5 or J Schedule 6 or K

II1. Other Requirements
(Example No. 4 Only)

The lots of electrodes that are shipped mustimeet all classification test requirements of the
specification. The strength and toughness of the weld metal must meet specification
requirements after a postweld heat treatment at 1200°F + 25°F for 12 hours. The heating
and cooling rates above 600°F shall'not exceed 200°F/hour.

Table B.7
Example of Use of the Procurement Detail Form for Bare Solid Aluminum Electrodes and Rods
Example 5 Example 6
I. General
A. Quality 400 Ibs 1000 Ibs
B. AWS Specification A5.10 A5.10
C. AWS C(lassification R4043 ER4043
D. Diameter 3/32in 3/64 in
E. Length 36 in —
F. Unit Package Type and Weight
1. Spool — 4in, 11b
2. Coil with Support — —
3. _Coil/without Support — —
2\ Rim (reel) — —
5. Drum — —
6. Straight 5 Ibs —
II. Certification and Testing
A. Lot Classification Class S2 Class S2
B. Level of Testing Schedule 4 or I Schedule 4 or I
III. Other Requirements None None
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nnex-C(Informative)
I 2 L LB ’

Requesting an Official Interpretation
on an AWS Standard

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

C1. Introduction

The following procedures are here to assist standard users in submitting successful requests for officialjinterpretations to
AWS standards. Requests from the general public submitted to AWS staff or committee membesrs that do not follow
these rules may be returned to the sender unanswered. AWS reserves the right to decline answering specific requests; if
AWS declines a request, AWS will provide the reason to the individual why the request was,declined.

C2. Limitations

The activities of AWS technical committees regarding interpretations are limited strictly to the interpretation of provi-
sions of standards prepared by the committees. Neither AWS staff nor the\committees are in a position to offer interpre-
tive or consulting services on (1) specific engineering problems, (2)requirements of standards applied to fabrications
outside the scope of the document, or (3) points not specifically €oyered by the standard. In such cases, the inquirer
should seek assistance from a competent engineer experienced if.the particular field of interest.

C3. General Procedure for all Requests

C3.1 Submission. All requests shall be sent to the\Managing Director, AWS Standards Development. For efficient han-
dling, it is preferred that all requests should{bevsubmitted electronically through standards@aws.org. Alternatively,
requests may be mailed to:

Managing Director
Standards Development
American Welding Society
8669 NW 36 St, # 130
Miami, FL 33166

C3.2 Contact Information. All inquiries shall contain the name, address, email, phone number, and employer of the
inquirer.

C3.3 Scope. Each inquiry shall address one single provision of the standard unless the issue in question involves two or
more interfelated provisions. The provision(s) shall be identified in the scope of the request along with the edition of the
standard (e.g., D1.1/D1.1M:2012) that contains the provision(s) the inquirer is addressing.

C34 Question(s). All requests shall be stated in the form of a question that can be answered ‘yes’ or ‘no’. The request
shall be concise, yet complete enough to enable the committee to understand the point of the issue in question. When the
point is not clearly defined, the request will be returned for clarification. Sketches should be used whenever appropriate,
and all paragraphs, figures, and tables (or annexes) that bear on the issue in question shall be cited.

C3.5 Proposed Answer(s). The inquirer shall provide proposed answer(s) to their own question(s).
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C3.6 Background. Additional information on the topic may be provided but is not necessary. The question(s) and pro-

posed answer(s) above shall stand on their own without the need for additional background information.

C4. AWS Policy on Interpretations

The American Welding Society (AWS) Board of Directors has adopted a policy whereby all official interpretations of
AWS standards are handled in a formal manner. Under this policy, all official interpretations are approved by the techni-
cal committee that is responsible for the standard. Communication concerning an official interpretation is directed
through the AWS staff member who works with that technical committee. The policy requires that all requests foran
official interpretation be submitted in writing. Such requests will be handled as expeditiously as possible, but due\to the
procedures that must be followed, some requests for an official interpretation may take considerable time to complete.

C5. AWS Response to Requests

Upon approval by the committee, the interpretation is an official interpretation of the Societyfand AWS shall transmit
the response to the inquirer, publish it in the Welding Journal, and post it on the AWS websifte:

Cé6.Telephone Inquiries

Telephone inquiries to AWS Headquarters concerning AWS standards should, be limited to questions of a general nature
or to matters directly related to the use of the standard. The AWS Board Policy*Manual requires that all AWS staff mem-
bers respond to a telephone request for an official interpretation of any AWS standard with the information that such an
interpretation can be obtained only through a written request. Headquarters staff cannot provide consulting services.
However, the staff can refer a caller to any of those consultants whose names are on file at AWS Headquarters.
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Annex D (Informative)
List of Deviations from ISO 14344:2010

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

Global change: Revised organization and wording of document for simplicity and clarity. “Identification” section was
removed and added to “Terms and Definitions” or “Lot Classification” sections as necessary. Various formis-of fully
metallic welding consumables were consolidated with no substantive changes in lot classifications and testing schedules.
Removed 24 hour restriction from Lot Class C3 for consistency with other lot classifications. Defined theterm “Produc-
tion Schedule.” Changed wording in several places from “for each lot shipped” to “for each lot supplied.” Added inspec-
tion document types and clarification of 24-hour limits.

Added subclause 1.2.

Added Normative Annex A—Quality Assurance.

Added Informative Annex B—Guide to Welding Consumables—Procurement of Filler Materials and Fluxes.
Added Informative Annex C—Requesting an Official Interpretation on an AWS'Standard.

Added Informative Annex D—List of Deviations from ISO 14344:2010.
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SPECIFICATION FOR FILLER METAL STANDARD SIZES,
PACKAGING, AND PHYSICAL ATTRIBUTES

@Z@ SFA-5.02/SFA-5.02M

®

(Identical with AWS Specification A5.02/A5.02M:2007. In case of dispute, the original AWS text applies.)
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SIZES, PACKAGING, AND PHYSICAL ATTRIBUTES

&

®

SFA-5.02/SFA-5.02M

(Identical with AWS Specification A5.02/A5.02M:2007. In case of dispute, the original AWS text applies.)

1.  Scope

1.1 This specification prescribes requirements for stan-
dard sizes and packages of welding filler metals and their
physical attributes, such as product appearance and identi-
fication.

1.2 This specification applies to covered electrodes with
both solid and tubular core wires; bare solid and tubular
wires on spools, coils, and drums, or in straight lengths;
and solid and sintered strip electrodes. It applies to all
fusion welding processes, except brazing, braze welding,
and thermal spraying, or granular metallic or mineral prod-
ucts, such as submerged arc fluxes, or other such products
used in fusion welding processes.

1.3 Safety and health issues and concerns are beyond
the scope of this standard and are, therefore, not fully
addressed herein. Safety and health information is available
from other sources, including, but not limited to, ANSI
749.1, Safety in Welding, Cutting, and Allied<Processes,
and applicable federal and state regulations!

1.4 This specification makes use of both U.S. Custom-
ary 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. The'specification with the designa-
tion A5.02 uses U.S. Customary Units. The specification
AS5.02M uses SI Units. Fhe latter are shown within brackets
[ ] or in appropriatécolumns in tables and figures. Standard
dimensions based,on either system may be used for sizing
of filler metal or packaging.

2. Normative References

TheAfollowing ANSI' standard is referenced in the nor-
mative sections of this document.

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

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

The following ISO? standartis referenced in the manda-
tory sections of this document.

(a) 1SO 544 Welding cousumables — Technical delivery
conditions for welding-filler materials — Type of product,
dimensions, toleranees and markings.

3. Covered Electrodes

3.1 Standard Sizes and Lengths. Standard sizes (diam-
eter.of the core wire) and lengths of electrodes are shown
in~Table 1.

3.1.1 The diameter of the core wire shall not vary
more than +0.002 in. [+0.05 mm] from the diameter speci-
fied. The length shall not vary more than =% in. [+10 mm]
from that specified.

3.2 Core Wire and Covering. The core wire and cov-
ering shall be free of defects that would interfere with the
uniform deposition of the electrode. The core and covering
shall be concentric to the extent that the maximum core-
plus-one-covering dimension shall not exceed the mini-
mum core-plus-one-covering dimension by more than:

(a) 7% of the mean dimension in sizes of %, in. [2.5 mm]
and smaller,

(b) 5% of the mean dimension in sizes larger than 3/32 in.
[2.5 mm] and smaller than 3/16 in. [5 mm], and

(c) 4% of the mean dimension in sizes %¢ in. [5 mm]
and larger.

Concentricity may be measured by any suitable means.

2 ISO standards are published by the International Organization for
Standardization, 1 rue de Varembé, Case postale 56, CH-1211 Geneva
20, Switzerland.
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3.4.3 The ink used for imprinting shall provide suf-

STANDARD SIZES AND LENGTHS
OF COVERED ELECTRODES

Standard Length® ®

Standard Size

in. mm in. mm

e 1.6° 9 230

%a 2.0° 9or12 230 or 300

%,° 2.4%d 9, 12, or 14 230, 300, or 350
2.5° o 300 or 350

% 3.2 12, 14, or 18 300, 350, or 450

%o 4.0 14 or 18 350 or 450

e 4.8¢ 14 or 18 350 or 450
5.0 14 or 18 350 or 450

2% 5.6% ¢ 14 or 18 350 or 450
6.0 14 or 18 350 or 450

A 6.4° 14 or 18 450

et 8.0° 18 450

NOTES:

a. Lengths other than these shall be as agreed upon between purchaser

and supplier.

b. In all cases, end-gripped electrodes are standard.
c. These diameters are not standard sizes for all classifications.
d. These metric sizes are not shown in ISO 544.

3.3 Exposed Core

3.3.1 The grip end of each electrode shall be bare
(free of covering) for a distance of not less than % in,
[12 mm] nor more than 1-1/4 in. [30 mm)] for electrodes
5/32 in. [4.0 mm] and smaller, and not less than 3/4 in. [20 mMim]
nor more than 1-% in. [40 mm] for electrodes ¥ in~[5. mm|]
and larger, to provide for electrical contact with the elec-
trode holder.

3.3.2 The arc end of each electrodesshall be suffi-
ciently conductive, and the covering sufficiently tapered, to
permit easy striking of the arc. The length of the conductive
portion (measured from the end”0f the core wire to the
location where the full cross-section of the covering is
obtained) shall not exceed '/3 in. [3 mm] or the diameter
of the core wire, whichever is less. Electrodes with chipped
coverings near the-ar¢-end, baring the core wire no more
than the lesser of 1/4 in. [6 mm] or twice the diameter of
the core wire, ‘meet the requirements of this specification
provided no ¢hip uncovers more than 50% of the circumfer-
ence of thé core.

34 -Electrode Identification. All electrodes shall be
identified as follows:

3.4.1 At least one imprint of the electrode designa-
tion (classification plus any optional designators) shall be
applied to the electrode covering starting within 2- in.
[65 mm] of the grip end of the electrode. The prefix letter
E in the classification may be omitted from the imprint.

3.4.2 The numbers and letters of the imprint shall

ficient contrast with the electrode covering so that, in nor-
mal use, the numbers and letters are legible both before
and after welding.

3.4.4 When an electrode is classified as meeting the
requirements of A5.X and A5.XM, both electrode designa-
tions shall be applied.

3.4.5 If allowed by the specific A5 specification, in
lieu of imprinting, electrodes may be identified by:
(a) attaching securely to the bare grip end of'each elec-
trode a tag bearing the classification numbér; or
(b) embossing the classification numberon the bare grip
end of each electrode. In this case a slight flattening of the
grip end will be permitted in the{area of the embossing.

3.5 Packaging
3.5.1 Electrodes shallbe suitably packaged to protect
them from damage during shipment and storage under

normal conditions.

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

3.5.3 Hermetically Sealed Containers. When speci-
fied for'one or more classifications, such as low hydrogen
types requiring protection against atmospheric moisture
absorption during shipment and storage, electrodes shall
be packaged in one of the following manners.

3.5.3.1 Rigid Metal Package. The container may
be of either steel or aluminum. Each steel container shall
have its sides lock-seamed and soldered or seam welded
and the top and bottom mechanically seamed containing
a suitable organic sealant. Aluminum containers shall be
tubes formed in two sections, one flared slightly for a
friction fit and the closure seam shall be sealed with a
suitable pressure sensitive tape. Metal containers after load-
ing at ambient pressure and sealing shall be capable of
passing the leak test as follows:

Unit containers shall be immersed in water that is at a
temperature of at least S0°F [10°C] above that of the pack-
aged material (room temperature). The container shall be
immersed so that the surface under observation is 1 in.
[25 mm] below the water surface and the greatest basic
dimension of the container is parallel to the surface of the
water. A leaker is indicated by a steady stream of air
bubbles emanating from the container. A container with a
stream that lasts for 30 seconds or more does not meet the
requirements of this specification.

3.5.3.2 Vacuum Package. High density plastic
pouches laminated with a suitable foil vapor barrier shall
be heat sealed after filling and evacuating. The pouches
shall be overpacked with an outer container to protect it
from damage that will cause loss of vacuum. Packages
which show the contents to be loose within the pouch do

be of bold block type of a size large enough to be legible.

not meet the requirements of this specification.
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3.5.3.3 Other Package Construction. As agreed
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4.2.4 A suitable protective coating may be applied

upon between purchaser and supplier, alternate packaging
for protection of electrode coverings from absorption of
moisture in excess of that specified by the classification
shall be demonstrated by suitable tests, such as those
described above.

3.6 Marking of Packages

3.6.1 The following product information (as a mini-
mum) shall be legibly marked on the outside of each unit
package:

(a) AWS specification and classification designations
along with applicable optional designators (year of issue
may be excluded)

(b) Supplier’s name and trade designation

(c) Size and net weight

(d) Lot, control, or heat number

3.6.2 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.

4. Bare Solid and Tubular Electrodes and Rods

4.1 Standard Sizes and Shapes

4.2.1 Standard sizes of filler metal (except strip elec-
trodes) and straight lengths of rods and their tolerances are
shown in Table 2.

4.2.2 Standard sizes for strip electrodes in ceils\dre
shown in Table 3.

4.2 Finish and Uniformity

4.2.1 All filler metal shall have a smiooth finish that
is free from slivers, depressions, scratches, scale, seams,
laps (exclusive of the longitudinalyéint in flux cored or
metal cored filler metal), and fereign matter that would
adversely affect the welding characteristics or the proper-
ties of the weld metal.

4.2.2 Each continuous length of filler metal shall be
from a single heat\or lot of material, and welds, when
present, shall have been made so as not to interfere with
the uniform,(uninterrupted feeding of the filler metal on
automatic and semiautomatic equipment.

4:2:3 The core ingredients in flux cored and metal
cored filler metal shall be distributed with sufficient uni-
formity throughout the length of the electrode so as not to
adversely affect the performance of the electrode or the
properties of the weld metal or deposited weld overlay.

3 Typical examples of “warning labels™ are shown in figures in ANSI

Z49 1 for some commeon or specific consumables used with certain nro
T T

to any filler metal except as specifically restricted by the
classification in the filler metal specification.

4.3 Packaging
4.3.1 Filler metals shall be suitably packaged to pro-
tect them from damage during shipment and storage under
normal conditions.

4.3.2 Standard package forms are straight length$,
coils with support, coils without support, spools,-and
drums. Standard package dimensions for each forhi are
given in Table 4. Dimensions for standard spopls/are given
in Figs. 1A through 1D. Package forms and-sizes other
than these shall be as agreed upon between-purchaser and
supplier.

4.3.3 The liners in coils, with support shall be
designed and constructed to prévent distortion of the coil
during normal handling and-use, and shall be clean and
dry enough to maintain the’eleanliness of the filler metal.

4.3.4 Spools sHall be designed and constructed to
prevent distortion ef\the spool and the filler metal during
normal handling and use, and shall be clean and dry enough
to maintain theicleanliness of the filler metal.

4.3.5/HAs agreed upon between purchaser and sup-
plier, alternate packaging for protection of filler metals
froff-environmental or other conditions may be specified.
This packaging may include, but not be limited to, hermeti-
cally sealed packaging as specified in 3.5.3.

4.4 Winding Requirements

4.4.1 Filler metal on spools and in coils (including
drums) shall be wound so that kinks, waves, sharp bends,
overlapping, or wedging are not encountered, leaving the
filler metal free to unwind without restriction. The outside
end of the filler metal (the end with which welding is to
begin) shall be identified so it can be located readily and
shall be fastened to avoid unwinding.

4.4.2 The cast and helix of filler metal in coils,
spools, and drums shall be such that the filler metal will feed
in an uninterrupted manner in automatic and semiautomatic
equipment

4.5 Filler Metal Identification

4.5.1 Each bare straight length filler rod shall be
durably marked with identification traceable to the unique
product type of the manufacturer or supplier. Suitable
methods of identification could include stamping, coining,
embossing, imprinting, flag-tagging, or color coding. (If
color-coding is used, the choice of color shall be as agreed
upon between the purchaser and supplier, and the color
shall be identified on the packaging.) When the AWS clas-
sification designation is used, the ER may be omitted; for
example, “308L” for classification “ER308L.” Additional
identification shall be as agreed upon between purchaser

cesses.
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S
N
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C
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TABLE 2
STANDARD SIZES AND TOLERANCES OF SOLID AND TUBULAR BARE WIRES?
Nominal Diameter Solid Wire Tolerance Tubular Cored Wire Tolerance
GMAW/GTAW® SAW/EGW/ESW ‘l/
in.? mm in. mm in. mm in. mm C)\
0.020 0.5 _ (b{\'
0.6 +0.01/-0.03 \\Q
0.025 Q
0.030 _ sté O_
0.8 +0.001 a4 (%)
0.035 0.9 - 0
1.0 AC)
0.045 é@z +0.02/-0.05
n 1.2 Q/
0.052 +0.01/-0.04 \&
1.4 ?9
e 1.6 +0.002 @4\
0-068 £0.002 \S
0.072 1.8 A(_) .
Yea 2.0 Q +0.02/-0.06
2 2.4,2.5 %) £0.003
7a 2.8 <</
3.0 +0.003 9" £0.003
1
% 32 +0.01/-0.07 s\?~
V2 4.0 , O +0.02/-0.07
Yo 4.8¢ 6(
5.0 \Q +0.06
%2 5.6° — s\Q\ — +0.004 +0.004
6.0 Q +0.02/-0.08
Ve 6.4° S\
%o 8.0 D
\"4
NOTES: K\

a. Dimensions, tolerances, an@ckage forms other than those shown shall be as agreed upon between purchaser and supplier.

a0 o

These metric size
QO®
Q .

To establish the nomin

afe not shown in ISO 544.

iameter for the tolerances, the fractions shall be converted to their decimal equivalents.
Bare straight Iength%@dll be 36 in. +0, =% in. [900 mm +15, =0 mm1.
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4.5.2 The product information and the precautionary
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information required in 4.6 for marking each package shall
also appear on each coil, spool, and drum.

4.5.3 Coils without support shall have a tag con-
taining this information securely attached to the filler metal
at the inside end of the coil.

4.5.4 Coils with support shall have the information
securely affixed in a prominent location on the support.

4.5.5 Spools shall have the information securely
affixed in a prominent location on the outside of at least
one flange of the spool.

4.5.6 Drums shall have the information securely
affixed in a prominent location on the side of the drum.

4.6 Marking of Packages

4.6.1 The following product information (as a mini-
mum) shall be legibly marked so as to be visible from the
outside of each unit package:

(a) AWS specification and classification designations
along with applicable optional designators (year of issue
may be excluded).

(b) Supplier’s name and trade designation,

(c) Size and net weight or other suitable measure of
quantity,

TABLE 3

STANDARD SIZES OF STRIP ELECTRODES

Width Thickness
in. mm in. mm
1.18 30 0.020 0.5
2.36 60 0.020 0.5
3.54 90 0.020 0.5
4.72 120 0.020 05

GENERAL NOTES:

(a) Other sizes shall be as agreed upon between purchaser and supplier.

(b) Strip electrodes shall not vary more than +0.008in{{#0.2 mm]
in width and more than £0.002 in. [+£0.05 mml] in.thickness.

(d) Lot, control, or heat number:

4.6.2 The appropriate pretatitionary information®, as
given in ANSI Z49.1, latest@dition, (as a minimum) or its
equivalent, shall be prominéntly displayed in legible print
on all packages of eléctrodes, including individual unit
packages enclosed\within a larger package.

* Typical exaifiples of “warning labels” are shown in figures in ANSI
Z49.1 for some{common or specific consumables used with certain pro-
cesses.

TABLE 4
STANDARD PAGKAGES?

Outside Diameter,

Width Inside Diameter Max.
Type of Package in. mmP in. mmP in. mmP
3 max. 75 max¢ 6%, +Y% 170 +3
Coils with support 2% max. 90,+0,"~15 12 +% 300, +15, -0 17 435
4% max. 100, +10, -5 12 +% 300, +15, -5 18 450
5 max. 120, +10, -5 24 600, +20, -0 32 800

Coils without support

As agreed upon between purchaser and supplier

4 100

8 200

12 300

Spools See Figs. 1A, 1B, and 1C 13.5 340
14 350

22 560

24 610

30 760

15% 400

Brums Not applicable 20 500
23 600

Straight lengths®

Not applicable

NOTES:

a. Dimensions, tolerances, and package forms other than those shown shall be as agreed upon between purchaser and supplier.
b Ttalicized values in the metric columns are as specified in IS0 544 for coils both with and without supnorts

c. Standard lengths shall be 36, +0, =% in. [900, +15, -0 mm1.
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FIG. 1A DIMENSIONS OF 4 IN., 8 IN., 12 IN., AND 14 IN. [100 MM, 200 MM, 300 MM, AND 350 MM1 SPOOLS

R & e | B ’\;§
+ =

I 1] L7

B
DIMENSIONS
4 in. [100 mm1 Spools 8 in. [200 mm1 Spools 12 in. [300.mmd Spools 14 in. [350 mm1 Spools
IS0 544 Denomination S 100 S 200 $,300 S 350
in. mm in. mm in. mm in. mm
A Diameter, max. (Note 1) 4.0 102 8.0 203 12 305 14 355
B Width 1.75 45 2.16 55 4.0 103 4.0 103
Tolerance +0.03 +0, -2 +0.03 +0£-3 +0.06 +0, -3 +0.06 +0, -3
C Diameter 0.63 16.5 2.03 50.5 2.03 50.5 2.03 50.5
Tolerance +0.01, -0 +1, -0  +0.06, -0 W&2.5, -0  +0.06, -0  +2.5, -0  +0.06, -0  +2.5, -0
D Distance Between Axes — — 1.75 445 1.75 44.5 1.75 44.5
Tolerance — — £0.92 +0.5 +0.02 +0.5 +0.02 +0.5
E Diameter (Note 2) — — 0.44 10 0.44 10 0.44 10
Tolerance — — +0, —0.06 +1, -0 +0, —0.06 +1, -0 +0, —0.06 +1, -0

GENERAL NOTES:

(a) Outside diameter of barrel, dimension F, shall bé\such as to permit proper feeding of the electrode.

(b) Inside diameter of the barrel shall be such thatvswelling of the barrel or misalignment of the barrel and flanges will not result in the inside
of the diameter of the barrel being less that-the inside diameter of the flanges.

NOTES:

1. Metric dimensions and tolerances conform to ISO 544, except that “A” specifies + tolerances on the nominal diameter, rather than a plus
tolerance only, which is shown here as a maximum.

2. Holes are provided on each, flange, but they need not be aligned. No driving holes required for 4 in. [100 mm1 spools.
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FIG. 1B DIMENSIONS OF 22 IN., 24 IN., AND 30 IN. [560 MM, 610 MM, AND 760 MM1 SPOOLS (REELS)

C
B
%% 7
(4
7 7
F A1 A
7 %
” 1
L 7 PN
SECTION A-A
DIMENSIONS
22 in. [560 mm] Spools 24 in. [610 mm]\Spools 30 in. [760 mm1 Spools
IS0 544 Denomination S 560 S.610 S 760
in. mm in. mm in. mm
A Diameter, max. (Note 1) 22 560 24 610 30 760
B Width, max. 12 305 13.5 345 13.5 345
C Diameter 1.31 35.0 1.31 35.0 1.31 35.0
Tolerance +0.13, -0 +1.5 +0.13, -0 +1.5 +0.13, -0 +1.5
D Distance, Center-to-Center 2.5 63.5 2.5 63.5 2.5 63.5
Tolerance +0.1 +1.5 +0.1 +1.5 +0.1 +1.5
E Diameter (Note 2) 0.69 16.7 0.69 16.7 0.69 16.7
Tolerance +0, —0.06 +0.7 +0, —0.06 +0.7 +0, —0.06 +0.7

GENERAL NOTES:

(a) Outside diameter of barrel, dimension F, shall*be such as to permit proper feeding of the electrode.

(b) Inside diameter of barrel shall be such thatswelling of the barrel or misalignment of the barrel and flanges will not result in the inside diameter
of the barrel being less than the inside diameter of the flanges.

NOTES:

1. Metric dimensions and toleragices conform to ISO 544, except that “A” specifies + tolerances on the nominal diameter, rather than a plus
tolerance only, which is shown here as a maximum.

2. Two holes are provided on‘each flange and shall be aligned on both flanges with the center hole.
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(FOR Al AND Mg ALLOYS ONLY)

U ‘
—

4 %
SECTION A-A
A 4—
DIMENSIQNS
in. mm
A Diameter 13.50 342
Tolerance +0, —0.06 +2
B Width 5.13 130
Tolerance +0.06 +2
C Diafmeter 2.03 50.5
Tolerance +0.06, -0 +2.5, -0
D Distance Between Axes 1.75 44.5
Tolerance +0.02 +0.5
E Diameter 0.44 10
Tolerance +0, —0.06 +1, -0
F Diameter 7.0 177.5
Tolerance +0.03 +1.0
G Diameter 5.0 127
Tolerance +0.03 +0.8
H Recess 1.13 31
Tolerance +0.12, -0 +2

GENERAL NOTE:
not be aligned.

Holes are provided on each flange, but they need
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FIG. 1D DIMENSIONS OF BASKET RIMS AND BASKET SPOOLS

.
A —+-4 4o ¢
a
B
<l >
BASKET RIM (B) BASKET SPOOL (BS)
DIMENSIONS
Basket Rim B300 Basket Rim B 450 Basket Spool BS 300
IS0 544 Denomination - - -
in. mm in. mm in. mm
A Diameter 11.7 300 17.7 max. 450 max. 12.0 300
Tolerance +0.1 +0, -5 +0, -0.4 +5
B Width 4.0 103 4 100 4.0 103
Tolerance +0.06 +0, -3 +0.06, —0-8 +3 +0.06 +0, -3
C Diameter 7.0 180 12.0 300 7.44 189
Tolerance +0.2, -0 +2 +0)\~0.4 +5 +0.02 +0.5
D Bore — — — — 2.03 50.5
Diameter +0.06, -0 +2.5, -0
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- @@ @ @@ @@ @ @ Anmnex A dnformative)——— 00000

Guide to AWS Specification for Filler Metal Standard Sizes,
Packaging, and Physical Attributes

(This annex is not part of AWS A5.02/A5.02M:2007, Specification for Filler Metal Standard Sizes, Packaging, and Physical Attributes,“but is
included for informational purposes only.)

Al. Clause 3 of this standard may be applied to any
of the following specifications for covered electrodes:

AS.1/AS.1M, Specification for Carbon Steel Electrodes
for Shielded Metal Arc Welding

AS5.3/A5.3M, Specification for Aluminum and Alumi-
num-Alloy Electrodes for Shielded Metal Arc Welding

AS5.4/A5.4M, Specification for Stainless Steel Electrodes
for Shielded Metal Arc Welding

AS5.5/A5.5M, Specification for Low-Alloy Steel Elec-
trodes for Shielded Metal Arc Welding

AS5.6, Specification for Covered Copper and Coppei
Alloy Arc Welding Electrodes

AS5.11/A5.11M, Specification for Nickel and Nickel-
Alloy Welding Electrodes for Shielded Metal Arc\Welding

AS5.13, Specification for Surfacing Electrodes for
Shielded Metal Arc Welding

A2. Clause 4 of this standard may be applied to any
of the following specifications for bare and tubular elec-
trodes and rods:

AS5.2/A5.2M, Specification for Carbon and Low Alloy
Steel Rods for OxyfuelGas Welding

AS5.7, Specificationfor Copper and Copper Alloy Bare
Welding Rods and-Electrodes

A5.9/A59M, Specification for Bare Stainless Steel
Welding Electrodes and Rods

AS.10/AS5.10M, Specification for Bare Aluminum and
Aluwmyinum-Alloy Welding Electrodes and Rods

AS.14/A5.14M, Specification for Nickel and Nickel-
Alloy Bare Welding Electrodes and Rods

AS5.16/A5.16M, Specification for Titanium and Tita-
nium-Alloy Welding Electrodes and Rods

AS5.17/A5.17M, Specification for Carbon Steel Elec-
trodes and Fluxes for Submerged Arc Welding

AS5.18/A5.18M, Specification for Carbon Steel Elec-
trodes and Rods (fox Gas Shielded Arc Welding

AS5.19, Specification for Magnesium Arc Welding Elec-
trodes and(Rods

AS5.20/A5.20M, Specification for Carbon Steel Elec-
trodésfor Flux Cored Arc Welding

A5.22, Specification for Stainless Steel Electrodes for
Hlux Cored Arc Welding and Stainless Steel Flux Cored
Rods for Gas Tungsten Arc Welding

AS5.23/A5.23M, Specification for Low-Alloy Steel Elec-
trodes and Fluxes for Submerged Arc Welding

AS5.24/A5.24M, Specification for Zirconium and Zirco-
nium-Alloy Welding Electrodes and Rods

AS5.25/A5.25M, Specification for Carbon and Low-Alloy
Steel Electrodes and Fluxes for Electroslag Welding

AS5.26/A5.26M, Specification for Carbon and Low-Alloy
Steel Electrodes for Electrogas Welding

AS5.28/A5.28M, Specification for Low-Alloy Steel Elec-
trodes and Rods for Gas Shielded Arc Welding

AS5.29/A5.29M, Specification for Low-Alloy Steel Elec-
trodes for Flux Cored Arc Welding

A3. Both Clauses 3 and 4 may be applied to the
following specifications:

AS5.15, Specification for Welding Electrodes and Rods
for Cast Iron

AS5.21, Specification for Bare Electrodes and Rods for
Surfacing
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SPECIFICATION FOR CARBON STEEL ELECTRODES FOR
SHIELDED METAL ARC WELDING

&g@ SFA-5.1/SFA-54M

®

(Identical with AWS Specification A5.1/A5.1M:2012. In case of dispute, the original AWS text applies.)
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for Shielded Metal Arc Welding

1. Scope

1.1 This specification prescribes requirements for the classification of carbon steel electrodes for shielded metal arc
welding.

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 Informative Annex Clauses A5 and A10. Safety and health
information is available from other sources, including, but not limited to, ANSI Z49.1, Safety in Weélding, 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 AS5.1 uses U.S.
Customary Units. The specification A5.1M uses SI Units. The latter are shown, within brackets ([ ]) or in appropriate
columns in tables and figures. Standard dimensions based on either system gay be used for sizing of filler metal or
packaging or both under AS5.1 or A5.1M specifications.

Part A
General Regiiirements

2. Normative References

The following standards contain provisions whieh, through reference in this text, constitute provisions of this AWS stan-
dard. For dated references, subsequent ameftdments to, or revisions of, any of these publications do not apply. However
parties to agreement based on this AWS.standard are encouraged to investigate the possibility of applying the most
recent editions of the documents shownbelow. For undated references, the latest edition of the standard referenced applies.

The following documents are referenced in the mandatory sections of this document:

(1) ASTM E29, Standavd- Practice for Using Significant Digits in Test Data to Determine Conformance with
Specifications*

(2) ASTM E350, Standard Test Methods for Chemical Analysis of Carbon Steel, Low-Alloy Steel, Silicon Electrical
Steel, Ingot Iron,.and Wrought Iron

(3) ASTM-E1032, Standard Test Method for Radiographic Examination of Weldments

! ANSFZ49.1 is published by the American Welding Society, 8669 Doral Blvd., Doral, FL. 33166.
2ASTM standards are published by ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.
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(4) AWS A1.1, Metric Practice Guide for the Welding Industry?

(5) AWS A4.3, Standard Methods for Determination of the Diffusible Hydrogen Content of Martensitic, Bainitic, and
Ferritic Steel Weld Metal Produced by Arc Welding

(6) AWS A4.4M, Standard Procedure for Determination of Moisture Content of Welding Fluxes and Welding Electrode
Flux Coverings

(7) AWS A5.01M/AS5.01 (ISO 14344 MOD), Procurement Guidelines for Consumables—Welding and Allied Pro3
cesses—Flux and Gas Shielded Electrical Welding Processes

(8) AWS B4.0 or B4.0M, Standard Methods for Mechanical Testing of Welds
(9) ANSI Z49.1 Safety in Welding, Cutting, and Allied Processes

(10) ISO 544, Welding consumables — Technical delivery conditions for welding filler materials(— Type of product,
dimensions, tolerances and markings.*

3. Classification

3.1 The welding electrodes covered by the AS5.1 specification utilize a system based on"U.S. Customary Units to classify
the welding electrodes covered according to:

(1) Type of current (see Table 1)

(2) Type of covering (see Table 1)

(3) Welding position (see Table 1)

(4) Mechanical properties of the weld metal in the as-welded or aged condition (see Tables 2 and 3).

3.1M The welding electrodes covered by the A5.1M speeification utilize a system based on International System of
Units to classify the welding electrodes covered according to:

(1) Type of current (see Tablel)

(2) Type of covering (see Table 1)

(3) Welding position (see Table 1)

(4) Mechanical properties of the weld metal in the as-welded or aged condition (see Tables 2 and 3).

3.2 Material classified under one classification shall not be classified under any other classification in one specification,
although it may be classified-under both specifications, except that E7018M [E4918M] may also be classified as E7018
[E4918] provided the eleetrode meets all of the requirements of both classifications.

4. Acceptance

Acceptaneeof the welding electrodes shall be in accordance with the provisions of AWS A5.01M/AS5.01 (ISO 14344
MOD).

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.’

3 AWS standards are published by the American Welding Society, 8669 Doral Blvd., Doral, FL 33166.
41S0 standards are published by the American National Standards Institute, 11 West 42nd Street, New York, NY 10036-8002

3 See Clause A4 for further information concerning certification and the testing called for to meet this requirement.
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Table 1

Electrode Classification

AWS Classification

AS5.1 AS5. 1M Type of Covering Welding Position? Type of Current”
E6010 E4310 High cellulose sodium F, V,OH, H dcep
E6011 E4311 High cellulose potassium F, V,OH, H ac or dcep
E6012 E4312 High titania sodium F, V,OH, H ac or dcen
E6013 E4313 High titania potassium F, V,OH, H ac, dcep, or dcen
E6018°¢ E4318°¢ Low-hydrogen potassium, iron powder F V,OH, H ac or dcep
E6019 E4319 Iron oxide titania potassium F, V,OH, H ac, de€p, or dcen
E6020 E4320 High iron oxide H-fillet acyordcen
F ao, dcep, or dcen
E6022¢ E43224 High iron oxide F, H-fillet ac or deen
E6027 E4327 High iron oxide, iron powder H-fillet ac or deen
F ac, dcep, or dcen
E7014 E4914 Iron powder, titania F,V,OH, H ac, dcep, or dcen
E7015 E4915 Low-hydrogen sodium F V,OH, H dcep
E7016¢ E4916°¢ Low-hydrogen potassium F, V,OH, H ac or decep
E7018°¢ E4918¢ Low-hydrogen potassium, iron powder E,V,OH, H ac or dcep
E7018M E4918M  Low-hydrogen iron powder F V,OH, H dcep
E7024¢ E4924¢ Iron power, titania H-fillet, F ac, deep, or dcen
E7027 E4927 High iron oxide, iron powder H-fillet ac or dcen
F ac, dcep, or dcen
E7028¢ E4928¢ Low-hydrogen potassium{ iron powder H-fillet, F ac or deep
E7048 E4948 Low-hydrogen potassium, iron powder F, OH, H, V-down ac or dcep

2 The abbreviations, F, H, H-fillet, V, V-down, and OH indicate the welding positions as follows: F = Flat, H = Horizontal, H-fillet = Horizontal fillet,
V = Vertical, progression upwards (for electrodes 3/16”in [5.0 mm] and under, except 5/32 in [4.0 mm] and under for classifications E6018 [E4318],
E7014 [E4914], E7015 [E4915], E7016 [E4916], E7018 [E4918], E7018M [E4918M], E7048 [E4948]). V-down = Vertical, progression downwards
(for electrodes 3/16 in [5.0 mm] and under, except 5/32 in [4.0 mm] and under for classifications E6018 [E4318], E7014 [E4914], E7015 [E4915],
E7016 [E4916], E7018 [E4918], E7018M [E4918M], E7048 [E4948]), OH = Overhead (for electrodes 3/16 in [5.0 mm] and under, except 5/32 in
[4.0 mm] and under for classifications E60I8/[E4318], E7014 [E4914], E7015 [E4915], E7016 [E4916], E7018 [E4918], E7018M [E4918M], E7048
[E4948]).

" The term “dcep” refers to direct cuftent electrode positive (dc, reverse polarity). The term “dcen” refers to direct current electrode negative (dc,
straight polarity).

¢ Electrodes with supplemental elopgation, notch toughness, absorbed moisture, and diffusible hydrogen requirements may be further identified as shown
in Tables 2, 3, 10, and 11,

d Electrodes of the E6022 [E4322] classification are intended for single-pass welds only.

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 E29 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
specified limit, rounding off shall be done only after calculating the average. An observed or calculated value shall be
rounded to the nearest 1000 psi (1 ksi) for tenszle and yzeld strength for A5.1, or to the nearest 10 MPa for tenszle and

values for other quantities. The rounded-off results shall fulﬁll the requirements for the classification under test.
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Table 2
Tension Test Requirements? > ¢
AWS Classification Tensile Strength Yield Strength at 0.2% Offset Elongation
Percentage in 4x
A5.1 A5.1M AS5.1 (ksi) A5.1M (MPa) AS5.1 (ksi) A5.1M (MPa) Diameter Length
E6010 E4310 60 430 48 330 22
E6011 E4311 60 430 48 330 22
E6012 E4312 60 430 48 330 17
E6013 E4313 60 430 48 330 17
E6018 E4318 60 430 48 330 22
E6019 E4319 60 430 48 330 22
E6020 E4320 60 430 48 330 22
E6022¢ E4322¢ 60 430 Not Specified Not Specified
E6027 E4327 60 430 48 330 22
E7014 E4914 70 490 58 400 17
E7015 E4915 70 490 58 400 22
E7016 E4916 70 490 58 400 22
E7018 E4918 70 490 58 400 22
E7024 E4924 70 490 58 400 17¢
E7027 E4927 70 490 58 400 22
E7028 E4928 70 490 58 400 22
E7048 E4948 70 490 58 400 22
E7018M E4918M Note f Note f 53-72¢ 370-500¢ 24

2 See Table 4 for sizes to be tested.

b Requirements are in the as-welded condition with aging as specified in 12.2.

¢ Single values are minimum.

d A transverse tension test, as specified in 12.5 and a longitudinal guided bénd est, as specified in Clause 13 are required.
¢ Weld metal from electrodes identified as E7024-1 [E4924-1] shall hav&elongation of 22% minimum.

f Tensile strength of this weld metal is a nominal 70 ksi [490 MPa].

€ For 3/32 in [2.4 mm] electrodes, the maximum yield strength shall be 77 ksi [530 MPa].

Part B
Tests, Procedures, and Requirements

7. Summary of Tests

The tests required.for each classification are specified in Table 4. The purpose of these tests is to determine the chemical
compositionfmechanical properties, and soundness of the weld metal, moisture content of the low-hydrogen electrode
coveringand 'the usability of the electrode. The base metal for the weld test assemblies, the welding and testing proce-
dures t0 be employed, and the results required are given in Clauses 9 through 18. The supplemental tests for absorbed
mojSture, in Clause 17, and diffusible hydrogen, in Clause 18, are not required for classification of the low-hydrogen
¢lectrodes, except for E7018M [E4918M], where these are required (see notes i and m of Table 4).

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. Specimens for retest may be taken from the original test assembly or from a new test assembly.

requirements of this specification for that classification.
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Table 3
Charpy V-Notch Impact Requirements

AWS Classification Limits for 3 out of 5 Specimens?
AS.1 A5.1M Average, Min. Single Value, Min.
E6010, E6011, E6018 E4310, E4311, E4318
E6027, E7015, E4327, E4915, 20 ft-1bf at -20°F 15 ft-1bf at -20°F
E7016° E7018P, E4916°, E4918°, [27 J at -30°C] [20 J at -30°C]
E7027, E7048 E4927, E4948
E6019 E4319 20 ft-1bf at O°F 15 ft-1bf at O°F
E7028 E4928 [27 J at -20°C] [20 J at £20°C]
E6012, E6013, E4312, E4313
E6020, E6022, E4320, E4322 Not Specified Not Specified
E7014, E7024° E4914, E4924°

AWS Classification Limits for 5 out d£-5,Specimens®
AS5.1 AS5. 1M Average, Min. Single Value, Min.
E7018M E4918M 50 ft-1bf at —20°F 40 ft-1bf at —20°F

[67 J at -302C] [54 J at -30°C]

2 Both the highest and lowest test values obtained shall be disregarded in computing the average. Two of these remaining three values shall equal or
exceed 20 ft-1bf [27 J].
b Electrodes with the following optional supplemental designations shall meet the lowértemperature impact requirements specified below:

Charpy V-Notch Impact Requirements,

AWS Classification Electrode Designation Dimits for 3 out of 5 specimens (Refer to Note a above)
A5.1 A5.1M A5.1 A5.1M Average, Min. Single Value, Min.
E7016 E4916 E7016-1 E4916-1 20 ft-Ibf at —-50°F 15 ftIbf at —-50°F
E7018 E4918 E7018-1 E4918-1 [27 J at —45°C] [20 J at —45°C]

20 ft-1bf at 0°F 15 ft-Ibf at O°F
E7024 E4924 E7024-1 E4924-1 (271 at -20°C] (20 ] at -20°C]

¢ All five values obtained shall be used in computing the average. Four of the five values shall equal, or exceed, 50 ft-1bf [67 J].

In the event that, durifig 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 ifivalid, without regard to whether the test was actually completed or whether test results met, or failed to
meet, the requiréement. That test shall be repeated, following proper prescribed procedures. In this case, the requirement
for doubling-the number of test specimens does not apply.

9.-Weld Test Assemblies

9.1 One or more of the following five weld test assemblies are required:
(1) The weld pad in Figure 1 for chemical analysis of the weld metal

(2) The groove weld in Figure 2 for mechanical properties and soundness of weld metal made with all electrode clas-
sifications except E6022 [E4322] and E7018M [E4918M]

(3) The fillet weld in Figure 3 for the usability of the electrode
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Table 4
Required Tests?

AWS Classification

Electrode Size

Welding Position for Test Assembly®

Radiographic
Current Testd Fillet
and AS5.1 AS5.IM Chemical® All-Weld-Metal Impact ~ Weld  Moisture
AS.1 AS5.1IM Polarity?® (in) (mm) Analysis Tension Test® Test! Test® Test*
3/32, 1/8 24,2532 NR NR NR NR NR
5/32,3/16 4.0,458,5.0 F F F  V&OH~ NR
E6010 E4310 deep 7132 5.6 NR NR NR NR NR
1/4 6.0, 6.4 F F F H-filldt  NR
5/16 8.0 NR F NR NR NR
3/32, 1/8 24,25,32 NR NR NK NR NR
ac and 5/32,3/16 4.0,458,5.0 F F F)' V&OH NR
E6011  E4311 e 7132 5.6 NR NR NR NR NR
P 1/4 6.0, 6.4 F F F H-fillet ~ NR
5/16 8.0 NR F NR NR NR
1/16 to 1/8 inc. 1.6 to 3.2 inc. NR NR NR NR NR
ac and 5/32,3/16 4.0,4.8,5.0 F o NR V&OH NR
E6012  E4312 dcen 7132 5.6 NR NR NR NR NR
1/4,5/16 6.0, 6.4,8.0 F Fh NR  H-fillet  NR
1/16 to 1/8 inc. 1.6 to 3.2 inc. NR NR NR NR NR
ac, dcep, 5/32,3/16 4.0,4.8,5.0 F FX NR V&OH NR
E6013  E4313 4 dcen 7132 5.6 KR NR NR NR NR
1/4, 5/16 6.0, 6.4, 8.0 F F* NR  H-illet  NR
3/32,1/8 24,2535 NR NR NR NR NR
5/32 4.0 F F F V&OH Reqd
ac and 3/16 4.8:-5.0 NR F F H-fillet ~ NR
E6018  E4318 4 7132 56 NR NR NR  NR NR
1/4 6.0, 6.4 F F F H-fillet  Reqd.
5/16 8.0 NR F NR NR NR
5/64 to 1/8 ine> 2.0 to 3.2 inc. NR NR NR NR NR
ac, dcep, 5/32, 3/16 4.0,4.8,5.0 F F* FF' V&OH NR
E6019  E4319 4 deen 716 5.6 NR NR NR NR NR
¥4, 5/16 6.0, 6.4, 8.0 F F* F' Hfillet NR
:cogiglc]:; 18 32 NR NR NR NR NR
For flat b 51323116 4.0,4.8,5.0 F FX NR  H-fillet  NR
E6020 E4320 WY 7132 5.6 NR NR NR NR NR
p N ond 1/4 6.0, 6.4 F FX NR  H-fillet NR
dp’ 5/16 8.0 NR 38 NR NR NR
cen
ac and 1/8 3.2 NR Fhj NR NR NR
E6022  E4q¥22 deen  5/32t07/32inc. 4.0 10 5.6 inc. NR Fhj NR NR NR
For H-pilet, 18 32 NR NR NR MR NR
Forflat 51323116 4.0,4.8,5.0 F Fr! F*  H-fillet  NR
BG027 E4327 O 7132 5.6 NR NR NR NR NR
p oo o 1/4 6.0, 6.4 F 2 FX  H-fillet NR
D- 5/16 8.0 NR Fr! NR NR NR
dcen
3/32, 1/8 2.4,2.5,32 NR NR NR NR NR
5/32 4.0 23 Fx NR V&OH NR
ac, dcep, 3/16 4.8,5.0 NR F¥ NR H-fillet NR
E7014  E4914 4 deen 7132 56 NR NR NR NR NR
1/4 6.0, 6.4 23 F* NR  H-fillet  NR
5/16 8.0 NR F* NR  H-fillet  NR
(Continued)

41


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

SFA-5.1/SFA-5.1M

ASME BPVC.IL.C-2023

Table 4 (Continued)

Required Tests?

AWS Classification Electrode Size Welding Position for Test Assembly®
Radiographic
Current Testd Fillet
and AS5.1 A5.1M Chemical® All-Weld-Metal Impact ~ Weld  Moisture

AS.1 AS5.1IM Polarity? (in) (mm) Analysis Tension Test® Test! Test® Test!

3/32,1/8 24,25,3.2 NR NR NR NR NR
5/32 4.0 F F F V&OH Reqd.

3/16 4.8,5.0 NR F F H-fillet NR

E7015  B4OIS — deep 7132 5.6 NR NR NR  NR NR
1/4 6.0, 6.4 F F F H-fillet'  Reqd.

5/16 8.0 NR F NR NR NR

3/32,1/8 24,25,3.2 NR NR NR NR NR
5/32 4.0 F F F V&OH  Reqd.

ac and 3/16 4.8,5.0 NR F F H-fillet NR

E7016  E4916  400n 7132 56 NR NR NR  NR NR
1/4 6.0,6.4 F F F H-fillet  Reqd.

5/16 8.0 NR F NR NR NR

3/32, 1/8 2.4,25,32 NR NR NR NR NR
5/32 4.0 F F F V&OH Reqd.

ac and 3/16 4.8,5.0 NR F F H-fillet NR

E7018  EA918 4., 7132 5.6 NR NR NR MR NR
1/4 6.0,6.4 E F F H-fillet  Reqd.

5/16 8.0 F NR NR NR
3/32t0 5/32 inc. 2.4 to 4.0 inc. F \% \Y% NR Reqd.
m m

ETOISM™ EA9ISM™ deep 31610 5/16inc. 4.8 t0 8.0 inc, F F F NR  Reqd.
3/32, 1/8 24,2.5,32 NR NR NR*® NR NR

5/32 40 F Fr! Fn H-fillet NR

ac, dcep, 3/16 1.8y5.0 NR Fk! Fo H-fillet NR

E7024  B4924 14 deen 7132 5.6 NR NR NR"  NR NR
1/4 6.0,6.4 P Rkl Fn H-fillet NR

5/16 8.0 NR Fk! NR" NR NR

For H-fillet, 1/8 3.2 NR NR NR NR NR

ac and dcen 5/32 4.0 F P! F H-fillet NR

For flat 3/16 4.8,5.0 NR Rkl F H-fillet NR

E7027  EA927 position, ac, 7/32 5.6 NR NR NR NR NR

dcep, and 1/4 6.0,6.4 P Pkl F H-fillet NR

dcen 5/16 8.0 NR F&! NR NR NR

1/8 3.2 NR NR NR NR NR
5/32 4.0 F F F H-fillet  Reqd.

ac and 3/16 4.8,5.0 NR F F H-fillet NR

E7028  EA2RQd  deep 7132 5.6 NR NR NR  NR NR
1/4 6.0, 6.4 F F F H-fillet ~ Reqd.

5/16 8.0 NR F NR NR NR

1/8 32 NR NR NR NR NR
ac and 5/32 4.0 F F F V-down  Reqd.

E7048 E4948 dee & OH
P 3/16 4.8,5.0 NR F F  Vidown NR
& H-fillet
(Continued)
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Required Tests?

2 NR means “not required.” The abbreviations, F, H-fillet, V-down, V, and OH are defined in Note a of Table 1. The terms “dcep” and “dcen,” are
defined in Note b of Table 1.

b Standard electrode sizes not requiring this specific test can be classified provided at least two other sizes of that classification have passed the tests
required for them, or the size to be classified meets specification requirements by having been tested in accordance with Figures 1, 2, and 3 and Table 6.

¢ See Clause 10.

4 See Clause 11.

¢ See Clause 12.

f See Clause 14.

¢ See Clause 15.

h A radiographic test is not required for this classification.

i The moisture test given in Clause 16 is the required test for moisture content of the covering. In Clauses 17 and 18 are supplemefital tests required
only when their corresponding optional supplemental designators are to be used with the classification designators.

1 An all-weld-metal tension test is not required for E6022 [E4322] electrodes. Instead, a transverse tension test (see 12.5) afd a longitudinal guided
bend test (see Clause 13) are required for classification of 5/32 in, 3/16 in, and 7/32 in [4.0 mm, 5.0 mm, and 6.0 mm] E6022TE4322] electrodes.

kK When dcep and dcen are shown, only dcen need be tested.

! Electrodes longer than 18 in [450 mm] will require a double length test assembly in accordance with Note 1 of Figrey2, to ensure uniformity of the
entire electrode.

MTests in Clause 17, and in Clause 18, are required for all sizes of E7018M [E4918M].

" Electrodes identified as E7024-1 [E4924-1] shall be impact tested (see Note b of Table 3).

H, HEIGHT
WELD METAL L, LENGTH (SEE NOTE a)
(SEE NOTE a)
o A
YA L

W, WIDTH
(SEE NOTE(3)

BASE METAL

2The minimum ‘completed pad size shall be at least four layers in height (H) with length (L) and width (W) sufficient to perform analysis.
The sample for analysis shall be taken at least 1/4 in [6.0 mm] above the original base metal surface.

Notes:

Base metal of any convenient size, of any type specified in Table 5, shall be used as the base for the weld pad.

The surface of the base metal on which the filler metal is to be deposited shall be clean.

The pad shall be welded in the flat position with successive layers to obtain undiluted weld metal.

One pad shall be welded for each type of current shown in Table 4 except for those classifications identified by note k in Table 4.

The number and size of the beads will vary according to the size of the electrode and the width of the weave, as well as the amperage
employed. The width of each weld pass in each weld layer shall be no more than 2-1/2 times the diameter of the core wire.

The preheat temperature shall not be less than 60°F [15°C] and the interpass temperature shall not exceed 300°F [150°C].

The slag shall be removed after each pass.

The test assembly may be quenched in water between passes to control interpass temperature.

oA )~

® N

Figure 1—Pad for Chemical Analysis of Undiluted Weld Metal
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APPROX.
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POINT OF
TEMPERATURE
MEASUREMENT W
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"

Al Ls s

IMPACT TEST “ALL-WELD-METAL
SPECIMENS TENSION TEST
SPECIMEN

20°+5°-0°

-
L \/
n
-

-2z

(A) TEST PLATE SHOWING LOCATION OF TEST SPECIMENS

oy — . -

WED  WELDG  SECTION B-B
(B) ORIENTATION AND LOCATION OF (C) LOCATION OF ALL-WELD-METAL
IMPACT TEST SPECIMEN TENSION TEST SPECIMEN
Electrode Plate Root Opening
Size Thickness (T) (R)
Passes
A5.1 A5.1M A51 A51M A51 A51M A51 A5.1M per Total
Dimension Description (in) (mm) (in) (mm) (in) (mm) (in) (mm) Layer Layers
G Offset from Groove Edge 1/4-1/2 6-15 3/32 25 1/2 12 3/8 10 2 Not Specified
L Length, min. (See Note 1) 10 250 1/8 3.2 1/2 12 1/2 13 2 5-7
S Strip Overlap, min. 1/4 6 5/32 4.0 3/4 20 5/8 16 2 7-9
\Y Strip Thickness, min. 114 6 3/16 5.0 3/4 20 3/4 19 2 6-8
w Width, min. 5 125 7/32 6.0 3/4 20 7/8 22 2 6-8
z Discard, min. 1 25 1/4 6.0 1 25 1 25 2 9-11
5/16 8.0 1-1/4 30 1-1/8 28 2 10--12
Notes:
1. For electrodes longer than 18 in [450 mm], a 20 in [500 mm] long test assembly shall be welded.
2. Base metal shall be as specified in Table 5.
3. The surfaces totbe 'welded shall be clean.
4. Prior to welding) the assembly may be preset to yield a welded joint sufficiently flat to facilitate removal of the test specimens. As an

© 7\

alternative] restraint or a combination of restraint and presetting may be used to keep the welded joint within 5° of plane. A welded
test assembly that is more than 5° out of plane shall be discarded. Straightening of the test assembly is prohibited.

Welding-shall be in the flat position, using each type of current specified in Table 4 except for classifications identified by Note k in
Table. 4.

{The/preheat temperature shall be 225°F [105°C] minimum. The interpass temperature shall not be less than 225°F [105°C] nor more
than 350°F [175°C].

The joint root may be seal welded with 3/32 in or 1/8 in [2.5 mm or 3.2 mm] electrodes using stringer beads.

In addition to the stops and starts at the ends, each pass shall contain a stop and start in between the ends.

The completed weld shall be at least flush with the surface of the test plate.

Figure 2—Groove Weld Test Assembly for Mechanical Properties and
Soundness of Weld Metal Produced by Using All Electrode Classifications

Except E6022 [E4322] and E7018M [E4918M] Electrodes
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C—

} [ END OF WELD MADE
WITH FIRST ELECTRODE

CUT HERE FOR MACRO
EXAMINATION SEGTION \ |/ / SEE NOTE b IN TABLE 6
e / |

=

FLANGE'TO BE STRAIGHT AND IN INTIMATE CONTACT
WITH SQUARE MACHINED EDGE OF WEB MEMBER ALONG
ENTIRE LENGTH TO ENSURE MAXIMUM RESTRAINT.

DIMENSIONS in mm
C, approx. 1 25
H, min. 3 75
W, min. 3 75
T See Table 6
L See Table 6

Notes:

Base metalshall be as specified in Table 5.

The surfaces to be welded shall be clean.

An.assembly shall be welded in each position specified in Table 6 and shown in Figure 6 using each type of current specified in Table 4.
The preheat shall be 60°F [15°C] minimum.

AJsingle pass fillet weld shall be made on one side of the joint. The first electrode shall be consumed to a stub length no greater than
2in [50 mm].

Welding in the vertical position shall be upward progression, except the E7048 [E4948] classification where progression shall be
downward.

7. Weld cleaning shall be limited to slag chipping, brushing, and needle scaling. Grinding or filing of the weld is prohibited.

A

0

Figure 3—Fillet Weld Test Assembly
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(4) The groove weld in Figure 4 for transverse tensile and longitudinal bend tests for welds made with the E6022

[E4322] single-pass electrode

(5) The groove weld in Figure 5 for mechanical properties and soundness of weld metal made with the E7018M
[E4918M] electrode.

The sample for chemical analysis may be taken from the reduced section of the fractured tension test specimen or from a
corresponding location (or any location above it) in the weld metal in the groove weld in Figures 2 or 5, thereby avoiding
the need to make the weld pad. In case of dispute, the weld pad shall be the referee method.

TRANSVERSE
~ W— =W 4’| TENSION TEST
SPECIMEN
~ <
— ST
______ a-Fq-------|1—]

| I

1 |

1 1

1 |

L I I

| | S

1 | K

1 |

1 1

I

| 1

| I

—Z
* LONGITUDINAL
S BEND TEST
7 | /\Z'_,_'(/\ | sPecIMEN
T
A5.1 A5.1M

DIMENSIONS in mm
L Length, min. 10 250
W Width, min 4 100
R Root Opening, max. 1/16 1.6
St Transverse Specimen 2 50
Sy Longitudinal Specimen 6 150
T Thickness 1/4 6
V4 Discard, min. 1 25

Notes:

1. Base metal shall be as specified in Table 5.

2. The suffaces to be welded shall be clean.

3. Priortowelding, the assembly may be preset to yield a welded joint sufficiently flat to facilitate removal of the test specimens. As an
alternative, restraint or a combination of restraint and presetting may be used to keep the welded joint within 5° of plane. A welded
test’'assembly that is more than 5° out of plane shall be discarded. Straightening of the test assembly is prohibited.

The assembly shall be welded in the flat position, using the type of current specified in Table 4.

The preheat temperature shall be 60°F [15°C] min. The interpass temperature shall not exceed 350°F [180°C].

In addition to the stops and starts at the ends, each pass shall contain a stop and start in between the ends.

Back gouging may be done to ensure sound weld metal through the entire thickness of test assembly.

The completed weld shall be at least flush with the surface of the test plate.

© N oOrP

Figure 4—Test Assembly for Transverse Tension and Longitudinal Guided

Bend Tests for Welds Made With E6022 [E4322] Electrodes
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Notes:
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POINT OF
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MEASUREMENT
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2 }

Aed

IMPACT TEST
SPECIMENS

7
Ly B

ALL-WELD-METAL
TENSION TEST
SPECIMEN

/
A\

1

¢

(A) TEST PLATE SHOWING

z

(B) JOINT PREPARATION

LOCATION OF TEST SPECIMENS

1/8 in [3.2 mm] NOMINAL

oL ="
WELD ¢ SECTION A-A WELD ¢ SECTION B-B
(C) ORIENTATION OF (D) LOCATION OF ALL-WELD-METAL
IMPACT SPECIMEN TENSION SPECIMEN

A5.1 A5.1M

Dimerisien Description (in) (mm)

G Offset from Groove Edge 1/4-1/2 6-15

L Length, min. 10 250

R Root Opening, min. 1/4 6

S Strip Overlap, min. 1/4 6

T Plate Thickness 3/4 20

\' Strip Thickness, min. 1/4 6

W Width, min. 5 125

Z Discard, min. 1 25

1. Base metal shall be as specified in Table 5.

2. The surfages\to be welded shall be clean.

3. Prior tolwelding, the assembly may be preset to yield a welded joint sufficiently flat to facilitate removal of the test specimens. As an
alternative, restraint or a combination of restraint and presetting may be used to keep the welded joint within 5° of plane. A welded
test assembly that is more than 5° out of plane shall be discarded. Straightening of the test assembly is prohibited.

4. ~The’assembly shall be welded in the vertical position with progression upward for electrodes 5/32 in [4.0 mm] and less in size, and in
the flat position for electrodes 3/16 in [5.0 mm] and greater in size, using the type of current specified in Table 4 for the electrode and
welding technique recommended by the electrode manufacturer.

5. The preheat temperature and the interpass temperature shall be 200°F to 250°F [90°C to 120°C].

6. The welding heat input shall be 30 kJ/in to 40 kJ/in [1.2 kd/mm to 1.6 kdJ/mm] for the 3/32 in [2.5 mm] size electrodes and 50 kJ/in to
60 kJ/in [2.0 kd/mm to 2.4 kJ/mm] for the 1/8 in [3.2 mm] size and larger electrodes.

7. In addition to the stops and starts at the ends, each pass shall contain a stop and start in between the ends.

8. The completed weld shall be at least flush with the surface of the test plate. Maximum weld reinforcement shall be 3/16 in [5.0 mm].

Peening of weld beads is not permitted.

Figure 5—Groove Weld Test Assembly for Mechanical Properties and

Soundness of Weld Metal Produced by Using E7018M [E4918M] Electrodes
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9.2 Preparation of each weld test assembly shall be as prescribed in 9.3 through 9.5. The base metal for each assembly

shall be as required in Table 5 and shall meet the requirements of the ASTM specification shown there or an equivalent
specification. Electrodes other than low-hydrogen electrodes shall be tested without conditioning.® Low-hydrogen
electrodes, if they have not been protected against moisture pickup in storage, shall be held at a temperature within the
range 5S00°F to 800°F [260°C to 430°C] for a minimum of one hour prior to testing. Testing of the assemblies shall be as
prescribed in Clauses 10 through 15.

9.3 Weld Pad. A weld pad shall be prepared as specified in Figure 1, except when one of the alternatives in 9.1 (tak-
ing the sample from the broken tension test specimen or from a corresponding location—or any location above it—in the
weld metal in the groove weld in Figure 2 or 5) is selected. Base metal of any convenient size of the type specified in
Table 5 shall be used as the base for the weld pad. The surface of the base metal on which the filler metal is deposited
shall be clean. The pad shall be welded in the flat position with multiple layers to obtain undiluted weld metal.

The preheat temperature shall be not less than 60°F [15°C] and the interpass temperature shall not-excéed 300°F
[150°C]. The slag shall be removed after each pass. The pad may be quenched in water between passes. I'he dimensions
of the completed pad shall be as shown in Figure 1. Testing of this assembly shall be as specified in Clause 10.

9.4 Groove Weld

9.4.1 Mechanical Properties and Soundness. A test assembly shall be prepared and welded as specified in Figure 2
or 5 using base metal of the appropriate type specified in Table 5. Testing of this as§embly shall be as specified in
Clauses 11, 12, and 14. The assembly shall be tested in the as-welded condition.

9.4.2 Transverse Tension and Longitudinal Bend Tests. A test assembly shallbe prepared and welded as specified
in Figure 4 using base metal of the appropriate type specified in Table 5. Testing of this assembly shall be as specified in
12.5 through 12.7 and Clause13. The assembly shall be tested in the as-welded condition.

9.5 Fillet Weld. A test assembly shall be prepared and welded as specified in Table 4 and Figure 3 using base metal of
the appropriate type specified in Table 5. The welding positions shall’be as specified in Table 6 and Figures 3 and 6
according to the size and classification of electrode. Testing of the assembly shall be as specified in Clause 15.

10. Chemical Analysis

10.1 The sample for analysis shall be taken from meld metal produced with the electrode. The sample shall be taken
from a weld pad or the reduced section of the fractured all-weld-metal tension test specimen or from a corresponding
location in the groove weld in Figure 2 or 5. Areas where arc starts or craters exist shall be avoided.

The top surface of the pad described in 93 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 and shall be taken at least 1/4 inif6'mm] from the nearest surface of the base metal.

The sample from the reduced section of the fractured tension test specimen or from a corresponding location (or any
location above it) in the groove~weld in Figure 2 or 5 shall be prepared for analysis by any suitable mechanical means.

10.2 The sample shall be;analyzed by accepted analytical methods. The referee method shall be ASTM E350, Standard
Test Methods for Chemieal Analysis of Carbon Steel, Low Alloy Steel, Silicon Electrical Steel, Ingot Iron and Wrought Iron.

10.3 The results of\the analysis shall meet the requirements of Table 7 for the classification of the electrode under test.

11. Radiographic Test

11X When required in Table 4, the groove weld described in 9.4.1 and shown in Figure 2 or 5 shall be radiographed to
evaluate the soundness of the weld metal. In preparation for radiography, the backing shall be removed, and both sur-
faces of the weld shall be machined or ground smooth. The finished surface of the weld may be flush with the plate or
have a reasonably uniform reinforcement not exceeding 3/32 in [2.5 mm]. Both surfaces of the test assembly, in the area
of the weld, shall be smooth enough to avoid difficulty in interpreting the radiograph.

practice.
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Table 5
Base Metal for Test Assemblies
Base Metal
AWS Classification Type ASTM Specification® UNS Number®
A131 Grade B K02102
All Carbon Steel A285 Grade A K01700
A285 Grade B K02200
A285 Grade C K02801
A283 Grade D K02702
All except E7018M [E4918M] Carbon Steel A36 K02600
A29 Grade 1015 G10150
A29 Grade 1020 G10200

4 Equivalent steel may be used.
" SAE/ASTM Unified Numbering System for Metals and Alloys.

Table 6
Requirements for Preparation of Fillet Weld Test Assemblies

AWS Classification  Electrode Size Thickness (T)* Length (1))Min. Welding Fillet Weld Size

A5.1  AS51M in mm in mm in mm Position in mm
3/32 24,25 1/8 3 10 250 V & OH 5/32 max. 4.0 max.
1/8 3.2 3/16 5 12 300 V & OH 3/16 max. 5.0 max.
E6010 E4310 5/32 4.0 3/8 10 12 300 V & OH 1/4 max. 6.0 max.
and and 3/16 4.8,5.0 3/8 10 12 300 V & OH 5/16 max. 8.0 max.
E6011  E4311 7/32 5.6 172 12 12 or 16° 300 or 400° H-fillet 1/4 min. 6.0 min.
1/4 6.0, 6.4 172 12 16 400 H-fillet 1/4 min. 6.0 min.
5/16 8.0 142 12 16 400 H-fillet 1/4 min. 6.0 min.
1/16-5/64 1.6-2.0 1/8 3 6 150 V & OH 1/8 max. 3.0 max.
3/32 24,25 1/8 3 10 250 V & OH 1/8 max. 3.0 max.
E6012, EA4312, 1/8 32 3/16 5 12 300 V & OH 3/16 max. 5.0 max.
E6013, E4313, 5/32 4.0 3/8 10 12 300 V & OH 1/4 max. 6.0 max.
and and 3/16 4.8,5.0 12 12 12 300 V & OH 3/8 max. 10.0 max.
E6019  E4319 7/32 5.6 172 12 12 or 16 300 or 400° H-fillet 1/4 min. 6.0 min.
1/4 6.0, 6.4 172 12 16 400 H-fillet 5/16 min. 8.0 min.
516 8.0 12 12 16 400 H-fillet 5/16 min. 8.0 min.
3/32 24,25 1/8 3 12 300 V & OH 5/32 max. 4.0 max.
1/8 3.2 3/16 5 12 300 V & OH 3/16 max. 5.0 max.
5/32 4.0 3/8 10 12 300 V & OH 5/16 max. 8.0 max.
E7014~ \"\E4914 3/16 4.8,5.0 3/8 10 12 300 H-fillet 1/4 min. 6.0 min.
7/32 5.6 3/8 10 12 or 16 300 or 400° H-fillet 1/4 min. 6.0 min.
1/4 6.0, 6.4 12 12 16 400 H-fillet 5/16 min. 8.0 min.
5/16 8.0 172 12 16 400 H-fillet 5/16 min. 8.0 min.
3/32 24,25 1/8 3 10 250 V & OH 5/32 max. 4.0 max.
1/8 32 1/4 6 12 300 V & OH 3/16 max. 5.0 max.
E7015 E4915 5/32 4.0 3/8 10 12 300 V & OH 5/16 max. 8.0 max.
and and 3/16 4.8,5.0 3/8 10 12 300 H-fillet 3/16 min. 5.0 min.
E7016 E4916 7/32 5.6 172 12 12 or 16° 300 or 400° H-fillet 1/4 min. 6.0 min.
1/4 6.0, 6.4 12 12 16 400 H-fillet 5/16 min. 8.0 min.
5/16 8.0 172 12 16 400 H-fillet 5/16 min. 8.0 min.

(Contmued)
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Requirements for Preparation of Fillet Weld Test Assemblies

AWS Classification  Electrode Size Thickness (T)? Length (L), Min.? Welding Fillet Weld Size
AS.1 AS5.1M in mm in mm in mm Position in mm

3/32 2.4,2.5 1/8 3 10 or 124 250 or 3004 V & OH 3/16 max. 5.0 max.

1/8 3.2 1/4 6 12 300 V & OH 1/4 max. 6.0 max.

E6018 E4318 5/32 4.0 3/8 10 12 300 V & OH 5/16 max. 8.0 max:
and and 3/16 48,5.0 3/8 10 12 300 H-fillet 1/4 min.  6.0«min.
E7018 E4918 7132 5.6 172 12 12 or 16° 300 or 400° H-fillet 1/4 min. 6.0 min.
1/4 6.0, 6.4 12 12 16 400 H-fillet 5/16 min/~. 8.0 min.

5/16 8.0 172 12 16 400 H-fillet 5/16 min. <~ 8.0 min.

1/8 3.2 1/4 6 12 300 H-fillet H8min. 3.0 min.

5/32 4.0 3/8 10 12 300 H-fillet 5/82 min. 4.0 min.

3/16 48,5.0 3/8 10 12 or 16° 300 or 400°¢ H-fillet 3/16 min. 5.0 min.

E6020  E4320 73, s5e 12 16 400 H-fillet 1/4 min. 6.0 min.
1/4 6.0, 6.4 1/2 12 16 400 H-fillet 5/16 min. 8.0 min.

5/16 8.0 172 12 16 400 H-fillet 5/16 min. 8.0 min.

3/32¢ 24,2.5¢ 1/4 6 10 250 H-fillet 5/32 min. 4.0 min.

E6027, E4327, 1/8 3.2 1/4 6 12 300 H-fillet 5/32 min. 4.0 min.
E7024, E4924, 5/32 4.0 3/8 10 12 300 H-fillet 3/16 min. 5.0 min.
E7027, E4927, 3/16 4.8,5.0 3/8 10 12 or 16° 300 or 400¢ H-fillet 1/4 min. 6.0 min.
and and 7/32 5.6 172 12 16 or 26f 400 or 650" H-fillet 1/4 min. 6.0 min.
E7028 E4928 1/4 6.0, 6.4 172 12 16 or 261 400.6p-650f H-fillet 5/16 min. 8.0 min.
5/16 8.0 172 12 16 or 26f 400 o1'650f H-fillet 5/16 min. 8.0 min.

1/8 3.2 1/4 6 12 300 V-down & OH 1/4 max. 6.0 max.

E7048 E4948 5/32 4.0 3/8 10 12 300 V-down & OH 5/16 max. 8.0 max.
3/16 4.8,5.0 3/8 10 12¢0r 16 300 or 400 H-fillet & V-down  1/4 min. 6.0 max.

2 See Figure 3. Any classification test can be conducted with either USE or SI thickness plate.

Y When the end of the bead with the first electrode will be less thanin [100 mm] from the end of the test assembly, a starting tab or a longer test
assembly shall be used.

¢ For 14 in [350 mm] electrodes, the minimum length of the tést assembly shall be 12 in [300 mm]; for 18 in [450 mm] electrodes, the minimum length
of the test assembly shall be 16 in [400 mm].

dFor 12 in [300 mm] electrodes, the minimum length of the.test assembly shall be 10 in [250 mm]; for 14 in [350 mm] electrodes, the minimum length
of the test assembly shall be 12 in [300 mm].

¢ E7024 only.

f For 18 in [450 mm] electrodes, the minimum lerigth of the test assembly shall be 16 in [400 mm]; for 28 in [700 mm] electrodes, the minimum length
of the test assembly shall be 26 in [650 mm({;

! AXIS OF WELD

|
| VERTICAL
AXIS'OF WELD % AXIS OF WELD

-~ RQRIZONTAL HORIZONTAL

~

90°
90° ° U
PLATE <| ~U -
HORIZONTAL N 90 A~ - PLATE
[ HORIZONTAL
(A) OVERHEAD FILLET WELDS (B) VERTICAL FILLET WELDS (C) HORIZONTAL FILLET WELDS

Figure 6—Welding Positions for Fillet Weld Test Assemblies
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Table 7
Chemical Composition Requirements for Weld Metal
AWS Classification Weight Percent?
Combined Limit for
UNS? Mn + Ni + Cr
AS5.1 AS5.1M Number C Mn Si P S Ni Cr Mo \Y% + Mo+ V

E6010  E4310 Wo06010
E6011 E4311 WO06011
E6012  E4312 Wo06012
E6013  E4313 W06013 0.20 1.20 1.00 NS. NS. 030 020 030 0.08 N.S.
E6019  E4319 W06019
E6020  E4320 W06020
E6027  E4327 W06027

E6018  E4318 W06018 0.03 060 040 0025 0015 030 020 0307, 0.08 N.S.
E7015  E4915 WO07015 0.15 125 090 0.035 0.035 030 020 030" 0.08 1.50
E7016  E4916 Wo07016 0.15 1.60 075 0.035 0.035 030 020 €030 0.08 1.75
E7018  E4918 WO07018 0.15 1.0 0.75 0.035 0.035 030 0.20,~030 0.08 1.75
E7014  E4914 Ww07014 0.15 125 090 0.035 0.035 030 10.20 030 0.08 1.50
E7024  E4924 W07024 0.15 125 090 0.035 0.035 0308020 030 0.08 1.50
E7027  E4927 Wo07027 0.15 1.0 075 0.035 0.035 030,- 020 030 0.08 1.75
E7028  E4928 W07028
E7048  F4948 W07048 } 0.15 1.60 090 0.035 0.035% 030 020 030 0.08 1.75
0.40
E7018M E4918M WO07018 0.12 to 0.80  0.030~%0.020 025 0.15 035 0.05 N.S.
1.60

2 SAE/ASTM Unified Numbering System for Metals and Alloys.
b Single values are maximum. N. S. means Not Specified.
¢ Analysis for boron is required to be reported if intentionallyzadded, or if it is known to be present at levels greater than 0.0010%.

11.2 The weld shall be radiograplied in accordance with ASTM E1032. The quality level of inspection shall be 2-2T.
11.3 The soundness of the weld metal meets the requirements of this specification if the radiograph shows:
(1) No cracks, no inéomplete fusion or incomplete joint penetration

(2) No slag irclusions longer than 1/4 in [6.0 mm] or 1/3 of the thickness of the weld, whichever is greater, or no
groups of slag inclusions in line that have an aggregate length greater than the thickness of the weld in a length 12 times
the thickness-of the weld, except when the distance between the successive inclusions exceeds 6 times the length of the
longestinelusions in the group

(3))No rounded indications in excess of those permitted by the radiographic standards in Figure 7 according to the
grade specified in Table 8.

In evaluating the radiograph, 1 in [25 mm] of the weld measured from each end of the assembly shall be disregarded.

11.4 A rounded indication is an indication (on the radiograph) whose length is no more than three times its width.
Rounded indications may be circular, elliptical, conical, or irregular in shape, and they may have tails. The size of a
rounded indication is the largest dimension of the indication, including any tail that may be present. The indication may
be porosity or slag. Indications whose largest dimension does not exceed 1/64 in [0.4 mm] shall be disregarded. Test

do not meet the requirements of this specification.
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(A) ASSORTED ROUNDED INDICATIONS

SIZE 1/64in TO 1/16 in [0.4 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH. MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [16@ mm]
OF WELD = 18, WITH THE FOLLOWING RESTRICTIONS:

MAXIMUM NUMBER OF LARGE 3/64 in TO 1/16 in [1.2 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 3.
MAXIMUM NUMBER OF MEDIUM 1/32 in TO 3/64 in [0.8mm TO 1.2 mm] IN DIAMETER OR IN LENGTH INDICATIONS =%5.
MAXIMUM NUMBER OF SMALL 1/64 in TO 1/32 in [0.4 mm TO 0.8 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 10.

(B) LARGE ROUNDED INDICATIONS

SIZE 3/64 in TO 1/16in [1.2 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 8.

(C),MEDIUM ROUNDED INDICATIONS

SIZE 1/32 in TO 3/64 in [0.8 mm TO 1.2 mm] IN\DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 15.

(D) SMALL ROUNDED INDICATIONS

SIZE 1/64\n"TO 1/32 in [0.4 mm TO 0.8 mm] IN DIAMETER OR IN LENGTH.
MAXIMUNM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 30.

Notes:

1. In using these standards, the chart which is most representative of the size of the rounded indications present in the test specimen
radiograph shall be used for determining conformance to these radiographic standards.

2. Since these are test welds specifically made in the laboratory for classification purposes, the radiographic requirements for these test
welds are more rigid than those which may be required for general fabrication.

3. Indications whose largest dimension does not exceed 1/64 in [0.4 mm] shall be disregarded.

Figure 7—Radiographic Acceptance Standards for Rounded Indications (Grade 1)
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(E) ASSORTED ROUNDED INDICATIONS

SIZE 1/64 in TO 5/64 in [0.4 mm TO 2.0 mm] IN DIAMETER OR IN LENGTH.

MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 27, WITH THE FOLLOWING RESTRICTIONS:
MAXIMUM NUMBER OF LARGE 1/16 in TO 5/64 in [1.6 mm TO 2.0 mm] IN DIAMETER OR IN LENGTH INDICATIONS’='3.
MAXIMUM NUMBER OF MEDIUM 3/64 in TO 1/16 in [1.2 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 8.
MAXIMUM NUMBER OF SMALL 1/64 in TO 3/64 in [0.4 mm TO 1.2 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 16.

(F) LARGE ROUNDED INDICATIONS

SIZE 1/16 in TO 5/64 in [1.6 mm TO 2.0 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD,="14.

(G) MEDIUM ROUNDED INDICATIONS

SIZE 3/64 in TO 1/16in [1.2 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS\IN ANY 6 in [150 mm] OF WELD = 22.

(H) SMALL ROUNDED INDICATIONS

SIZE\1764 in TO 3/64 in [0.4 mm TO 1.2 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 44.

Notes:

1.

2.

3.

In using these standards, the chart which is most representative of the size of the rounded indications present in the test specimen

radiograph shall be used for determining conformance to these radiographic standards.

Since these are test welds specifically made in the laboratory for classification purposes, the radiographic requirements for these test

welds are more rigid than those which may be required for general fabrication.
Indications whose largest dimension does not exceed 1/64 in [0.4 mm] shall be disregarded.

Figure 7 (Continued)—Radiographic Acceptance Standards for Rounded Indications (Grade 2)
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Table 8
Radiographic Soundness Requirements
AWS Classification
AS.1 AS5. 1M Radiographic Standard®®
E6018 E4318
E6019 E4319
E6020 E4320
E7015 E4915
E7016 E4916 Grade 1
E7018 E4918
E7018M E4918M
E7048 E4948
E6010 E4310
E6011 E4311
E6013 E4313
E6027 E4327
E7014 E4914 Grade 2
E7024 E4924
E7027 E4927
E7028 E4928
E6012 E4312 .
E6022 E4322 Not Specified
2 See Figure 7.
b The radiographic soundness obtainable under industrial conditions employed.for*the various electrode classifications is discussed in A6.10.1 in
Annex A.

12. Tension Test

12.1 For all electrodes except E6022E4322], one all-weld-metal round tension test specimen as specified in the Tension
Test section of AWS B4.0 [AWS B4.0M], Standard Methods for Mechanical Testing of Welds, shall be machined from
the groove weld described.in 9'4.1 and Figure 2 or 5. For a test plate thickness of 1/2 in [12 mm], the all-weld-metal ten-
sion test specimen shall-Haye a nominal diameter of 0.250 in [6.5 mm]. For a test plate thickness of 3/4 in [20 mm] or
more, the all-weld-méta] tension test specimen shall have a nominal diameter of 0.500 in [12.5 mm)]. For all plate thick-
nesses, the gauge Jength-to-diameter ratio shall be 4:1.

12.2 After machining, but before testing, the specimen for all electrodes except the low hydrogen classifications may be
aged at 200°F'to 220°F [90°C to 105°C] for up to 48 hours, then allowed to cool to room temperature. Refer to Annex A,
A6.3 fera/discussion on the purpose of aging.

12.3.The aged and unaged specimens shall be tested in the manner described in the Tension Test section of AWS B4.0
[AWS B4.0M], Standard Methods for Mechanical Testing of Welds.

12.4 The results of the tension test shall meet the requirements specified in Table 2.

12.5 For E6022 [E4322], one transverse rectangular tension test specimen as specified in the Tension Test section of
AWS B4.0 [AWS B4.0M], Standard Methods for Mechanical Testing of Welds, shall be machined from the groove weld

de bhed in 9 4 and shown in o e ne men sha e 9 =t KNe als men

machined transverse to the weld with a nominal reduced section width of 1.50 in [38 mm)].
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13. Bend Test

13.1 One longitudinal face bend specimen, as required in Table 4, shall be machined from the groove weld test assembly
described in 9.4.2 and shown in Figure 4. The nominal length of the specimen shall be 6 in [150 mm], the nominal width
of the specimen shall be 1.50 in [38 mm], and the nominal thickness shall be 0.25 in [6 mm]. Other dimensions shall
be as specified in the Bend Test section of AWS B4.0 [AWS B4.0M], Standard Methods for Mechanical Testing of Welds.

13.2 After machining, but before testing, the specimen may be aged at 200°F to 220°F [90°C to 105°C] for up to
48 hours, then allowed to cool to room temperature. Refer to Annex A, A6.3 for a discussion on the purpose of aging.

13.3 The specimen shall be tested in the manner described in the Bend Test section of AWS B4.0 [AWS B4.0M}, Stan-
dard Methods for Mechanical Testing of Welds, by bending it uniformly through 180° over a 3/4 in [19 mm}'radius in
any suitable jig, as specified in AWS B4.0 [AWS B4.0M]. Positioning of the face bend specimen shall-bé&’such that the
weld face of the last side welded shall be in tension.

13.4 Each specimen, after bending, shall conform to the 3/4 in [19 mm] radius, with an appropriate-allowance for spring-
back, and the weld metal shall not contain openings in excess of 1/8 in [3 mm] on the convex&usface.

14. Impact Test

14.1 Five full-size Charpy V-notch impact test specimens, as specified in the Eracture Toughness Test section of AWS
B4.0 [AWS B4.0M], Standard Methods for Mechanical Testing of Welds, shall be machined from the test assembly
shown in Figure 2 or 5, for those classifications for which impact testing is required in Table 4. The Charpy V-notch
specimens shall have the notched surface and the struck surface parallel with each other within 0.002 in [0.05 mm]. The
other two surfaces shall be square with the notched or struck surfaces*within +10 minutes of a degree. The notch shall
be smoothly cut by mechanical means and shall be square with,the longitudinal edge within 1°.

The geometry of the notch shall be measured on at least oné-specimen in a set of five specimens. Measurement shall be
done at a minimum 50X magnification on either a shadowgraph or a metallograph. The correct location of the notch
shall be verified by etching before or after machining.

14.2 The five specimens shall be tested in accofdance with the Fracture Toughness Test section of AWS B4.0 [AWS
B4.0M]. The test temperature shall be at or below that specified in Table 3 for the classification under test. The actual
temperature used shall be listed on the certification documentation when issued.

14.3 In evaluating the test results for allthe classifications that require impact testing, except E7018M [E4918M], the
lowest and highest values obtained shall be disregarded. Two of the three remaining values shall equal, or exceed, the
specified 20 ft-1bf [27 J] energy level. One of the three may be lower, but not lower than 15 ft-1bf [20 J], and the average
of the three shall be not less than-the required 20 ft-1bf [27 J] energy level.

14.4 In evaluating the results for E7018M [E4918M], all five impact values shall be included. At least four of the five
shall equal, or exceed,-the specified 50 ft-1bf [67 J] energy level. One of the five may be lower than that, but not lower
than 40 ft-1bf [54 H.The average of the 5 results shall be not less than the required 50 ft-Ibf [67 J] energy level.

15. Fillet Weld Test

15.1(The fillet weld test, when required in Table 4, shall be made in accordance with 9.5 and Figure 3. The entire face of
the completed fillet weld shall be examined visually. It shall be free of cracks, overlap, slag, and porosity, and shall be
substantially free of undercut. An infrequent short undercut up to 1/32 in [0.8 mm] in depth shall be allowed. After the
visual examination, a macro examination specimen, approximately 1 in [25 mm] in length, shall be removed as shown in
Figure 3. One cross-sectional surface of the specimen shall be polished, etched, and then examined as required in 15.2.

15.2 Scribe lines shall be placed on the prepared surface, as shown in Figure 8, and the fillet weld size, fillet weld leg,
and convexity shall be determined to the nearest 1/64 in [0.5 mm] by actual measurement—see Figure 8. These mea-
surements shall meet the requirements of Table 6 with respect to minimum or maximum fillet weld size and the require-

T

fillet weld size measured.
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Notes:

1. Fillet weld size is the leg lengths of the largest isosceles right triangle which can be inscribed.within the fillet weld cross section.
2. Convexity is the maximum distance from the face of a convex fillet weld perpendicular to a line joining the weld toes.
3. Fillet weld leg is the distance from the joint root to the toe of the fillet weld.

Figure 8—Dimensions of Fillep Welds

Table 9
Dimensional Requirements for
Fillet Weld Usability Test Specimens?

Maximum Difference

Measured Fillet Weld Size Maximum Convexity Between Fillet Weld Legs
in mm in mm in mm
1/8 30 5/64 2.0 1/32 1.0
9/64 - 5/64 — 3/64 —
5/32 4.0 5/64 2.0 3/64 1.0

11/64 4.5 5/64 2.0 1/16 1.5
3/16 — 5/64 — 1/16 —

13/64 5.0 5/64 2.0 5/64 2.0
7/32 5.5 5/64 2.0 5/64 2.0

15/64. 6.0 5/64 2.0 3/32 2.5
1/4 6.5 5/64 2.0 3/32 2.5

17/64 — 3/32 — 7/64 —
9/32 7.0 3/32 2.5 7/64 3.0

19/64 7.5 3/32 2.5 1/8 3.0
5/16 8.0 3/32 2.5 1/8 3.0

21/64 8.5 3/32 2.5 9/64 3.5

11/32 9.0 3/32 2.5 9/64 4.0

23/64 — 3/32 — 5/32 —
3/8 9.5 3/32 2.5 5/32 4.0

or more or more

2 All measurements shall be rounded to the nearest 1/64 in [0.5 mm)].
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15.3 The remaining two sections of the test assembly shall be broken through the fillet weld by a force exerted as shown

in Figure 9. When necessary to facilitate fracture through the fillet, one or more of the following procedures may be
used:

(1) A reinforcing bead, as shown in Figure 9A, may be added to each leg of the weld.
(2) The position of the web on the flange may be changed, as shown in Figure 9B.
(3) The face of the fillet may be notched, as shown in Figure 9C.

Tests in which the weld metal pulls out of the base metal during bending are invalid tests. Specimens in which ‘this
occurs shall be replaced, specimen for specimen, and the test completed. In this case, the doubling of specimens as
required for retest in Clause 8, Retest, does not apply.

15.4 The fractured surfaces shall be visually examined without magnification. The fracture surface shall be free of
cracks. Incomplete fusion at the weld root shall not be greater than 20% of the total length of the weld. There shall be no
continuous length of incomplete fusion greater than 1 in [25 mm] as measured along the weld axis except for electrodes
of the E6012 [E4312], E6013 [E4313], and E7014 [E4914] classifications. Fillet welds made with electrodes of these
classifications may exhibit incomplete penetration through the entire length. They may also,exhibit incomplete fusion
which shall at no point exceed 25% of the smaller leg length of the fillet weld.

16. Moisture Test

16.1 The moisture content of the covering of the electrode, when required by Table 4, shall be determined by any suit-
able method. In case of dispute, the method described in AWS A4.4M) Standard Procedure for Determination of Mois-
ture Content of Welding Fluxes and Welding Electrode Flux Coverings, shall be the referee method.

16.2 The electrodes shall be tested without conditioning, unless‘the manufacturer recommends otherwise. If the elec-
trodes are conditioned, that fact, along with the method used-£for conditioning, and the time and temperature involved in
the conditioning, shall be noted on the test record. The moiSture content shall not exceed the limit specified in Table 10,
for the classification under test.

17. Absorbed Moisture Test

17.1 In order for a low-hydrogen electrede to be designated as low-moisture-absorbing with the optional supplemental
“R” suffix designator or classified as{E7018M [E4918M], sufficient electrodes shall be exposed to an environment of
80°F [27°C]/80% relative humidity (RH) for a period of not less than nine hours by any suitable method. In case of
dispute, the exposure method:described in 17.2 through 17.6 shall be the referee method. The moisture content of the

FRACTURING FRACTURING FRACTURING
FORCE FORCE FORCE
N] —— —_—
REINFORCING MAXIMUM DEPTH
WELDS 3/4 / OF NOTCH = 1/2
WEB —_ | WIDTH ACTUAL THROAT
J< OF 1
FLANGE FLANGE 777
FLANGE \\ %\ FLANGE
L7 A
(A) REINFORCING WELDS (B) OFFSET OF WEB (C) NOTCHING

Figure 9—Alternative Methods for Facilitating Fracture of the Fillet Weld
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Table 10
Moisture Content Limits for Electrode Coverings
AWS Classification Electrode Designation Limit of Moisture Content, % by Wt, Max.
AS5.1 AS5. 1M AS5.1 A5.1M As-Received or Conditioned?® As-Exposed®
E6018 E4318 E6018 E4318
E7015 E4915 E7015 E4915
E7016 E4916 E7016 E4916
E7016-1 E4916-1 .
E7018 E4918 E7018 E4918 06 Not Speggied
E7018-1 E4918-1
E7028 E4928 E7028 E4928
E7048 E4948 E7048 E4948
E6018 E4318 E6018R E4318R
E7015 E4915 E7015R E4915R
E7016 E4916 E7016R E4916R
E7016-1R E4916-1R 03 04
E7018 E4918 E7018R E4918R ’ ’
E7018-1R E4918-1R
E7028 E4928 E7028R E4928R
E7048 E4948 E7048R E4948R
E7018M E4918M E7018M E4918M 0.1 0.4

4 As-received or conditioned electrode coverings shall be tested as specified in Clause 16, Moisture Test.
b As-exposed electrode coverings shall have been exposed to a moist environment as specified in Clause 17 before being tested as specified in Clause 16.

electrode covering on the low-moisture-absorbing, Iow-hydrogen electrodes (for example ET015R [E4915R], E7016R
[E4916R], E7016-1R [E4916-1R], E7018R [E4918R], E7018-1R [E4918-1R], E7018M [E4918M], E7028R [E4928R],
E7048R [E4948R]) shall be determined by any stitable method. In case of dispute, the method described in AWS Spec-
ification A4.4M, Standard Procedure for Determination of Moisture Content of Welding Fluxes and Welding Electrode
Flux Coverings, shall be the referee method: The moisture content of the exposed covering shall not exceed the maxi-
mum specified moisture content for the\designated electrode and classification in Table 10.

17.2 An electrode sample of each size’of E7018M [E4918M] or the smallest and the largest sizes of “R” designated elec-
trode shall be exposed. If the electrodes are conditioned prior to exposure, that fact, along with the method used for
conditioning, and the time _and“temperature involved in conditioning, shall be noted on the test record. Conditioning of
electrodes after exposure, isynot permitted.

17.3 The electrode sample shall be exposed in a suitably calibrated and controlled environmental chamber for nine hours
minimum at 80ZF\to 85°F [27°C to 30°C] and 80% to 85% relative humidity.

17.4 The environmental chamber shall meet the following design requirements:

(1) The) apparatus shall be an insulated humidifier which produces the temperature of adiabatic saturation through
regenerative evaporation or vaporization of water.

(2) The apparatus shall have an average air speed within the envelope of air surrounding the covered electrode of
100 fpm to 325 fpm [0.5 m/s to 1.7 m/s].

(3) The apparatus shall have a drip-free area where the covered electrode up to 18 in [450 mm] in length can be posi-
tioned with length as perpendicular as practical to the general air flow.

time required.
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(5) The apparatus shall have an air speed of at least 900 fpm [4.5 m/s] over the wet bulb sensor unless the wet bulb

sensor can be shown to be insensitive to air speed or has a known correction factor that will provide for an adjusted wet
bulb reading equal to the temperature of adiabatic saturation.

(6) The apparatus shall have the wet bulb sensor located on the suction side of the fan so that there is an absence of
heat radiation on the sensor.

17.5 The exposure procedure shall be as follows:

(1) The electrode sample taken from previously unopened packages, or from a reconditioned lot, shall be heated\to a
temperature —0°, +10°F [6°C] above the dew point.

(2) The electrode sample shall be loaded into the chamber without delay after the packages are opened

(3) The electrodes shall be placed in the chamber in a vertical or horizontal position on at least 1 dn [25 mm] centers,
with the length of the electrode as perpendicular as practical to the general air flow.

(4) Time, temperature, and humidity shall be continuously recorded for the period that\fhe electrodes are in the
chamber.

(5) Counting of the exposure time shall start when the required temperature.and humidity in the chamber are
established.

(6) At the end of the exposure time, the electrodes shall be removed from. the chamber and a sample of the electrode
covering taken for moisture determination, as specified in Clause 16.

17.6 All of the critical variables which could affect test results have nétbeen identified here. Consequently, the manufac-
turer shall control such other variables deemed relevant to ensure,gréater consistency of results.

18. Diffusible Hydrogen Test

18.1 The smallest and largest size of the electrod€ of each classification to be identified by an optional supplemental
diffusible hydrogen designator, and all sizes of \EJ018M [E4918M], shall be tested according to one of the methods
given in AWS A4.3, Standard Methods for Détermination of the Diffusible Hydrogen Content of Martensitic, Bainitic,
and Ferritic Steel Weld Metal Produced by ‘Arc Welding. Based upon the average value of test results which satisfy the
requirements of Table 11, the appropriate diffusible hydrogen designator may be added at the end of the classification.

Table 11
Diffusible Hydrogen Limits for Weld Metal®

AWS Classification

Diffusible Hydrogen Content,

ASA A5.1M Diffusible Hydrogen Designator Average mL/100g Deposited Metal, Max.?
E7018M E4918M None 4
E6018 E4318
E7015 E4915 Hl16 16
E7016 E4916
E7018 E4918 HS8 8
E7028 E4928
E7048 E4948 H4 4

4 Diffusible hydrogen testing in Clause 18, Diffusible Hydrogen Test, is required for E7018M [E4918M]. Diffusible hydrogen testing of other low
hydrogen electrodes is only required when the optional diffusible hydrogen designator is added.

> Some low hydrogen classifications may not meet the H4 and H8 requirements.
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18.2 Testing shall be done without conditioning of the electrode, unless the manufacturer recommends otherwise. If the

electrodes are conditioned, that fact, along with the method used for conditioning, and the time and temperature involved
in the conditioning, shall be noted on the test record.

18.3 For purposes of certifying compliance with diffusible hydrogen requirements, the reference atmospheric condition
shall be an absolute humidity of ten (10) grains of moisture/lb [1.43g/kg] of dry air at the time of welding.” The actual
atmospheric conditions shall be reported along with the average value for the tests according to AWS A4.3.

18.4 When the absolute humidity equals or exceeds the reference condition at the time of preparation of the test assem-
bly, the test shall be acceptable as demonstrating compliance with the requirements of this specification, provided the
actual test results satisfy the diffusible hydrogen requirements for the applicable designator. Likewise, if the actual-fest
results for an electrode meet the requirements for the lower, or lowest hydrogen designator, as specified in Table~hl; the
electrode also meets the requirements for all higher hydrogen designators in Table 11 without need to retest,

Part C
Manufacture, Identification, and Packaging

19. Method of Manufacture

The electrodes classified according to this specification may be manufactured by any method that will produce elec-
trodes that meet the requirements of this specification.

20. Standard Sizes and Lengths

20.1 Standard sizes (diameter of the core wire) and lengths of electrodés are shown in Table 12.

20.2 The diameter of the core wire shall not vary more than £0;002 in [0.05 mm] from the diameter specified. The length
shall not vary more than +1/4 in [10 mm] from that specified.

7See A8.2 in Annex A.

Table 12
Standard Sizes and Lengths
Core Wire Diameter® Lengths®®
AS5.1 (in) A5.1M¢ (mm) AS5.1 (in) AS5.1M (mm)

1/16 1.6 9 225
5/64 2.0 9orl2 225 or 300
3/32 — 12 or 14 —

—5 2.5 — 300 or 350
1/8 32 14 350
5/32 4.0 140r18 350 or 450
3/16 — 14 or 18 —

— 5.0 — 350 or 450
7/32 — 14 or 18 or 28 —

— 6.0 — 350 or 450 or 700
1/4 — 18 or 28 —

5/16 8.0 18 or 28 450 or 700

2 Lengths and sizes other than these shall be as agreed between purchaser and supplier.
" In all cases, end-gripped electrodes are standard.

dimensions, tolerances and markings
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21. Core Wire and (‘nvering

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

21.2 The core wire and the covering shall be concentric to the extent that the maximum core-plus-one-covering dimen-
sion shall not exceed the minimum core-plus-one-covering dimension by more than:

(1) 7% of the mean dimension in sizes 3/32 in [2.5 mm] and smaller;
(2) 5% of the mean dimension in sizes 1/8 in [3.2 mm] and 5/32 in [4.0 mm];
(3) 4% of the mean dimension in sizes 3/16 in [5.0 mm] and larger.

Concentricity may be measured by any suitable means.

22. Exposed Core

22.1 The grip end of each electrode shall be bare (free of covering) for a distance of ngt less than 1/2 in [12 mm],
nor more than 1-1/4 in [30 mm] for 5/32 in [4.0 mm] and smaller sizes, and not less than'\3/4 in [20 mm] nor more than
1-1/2 in [40 mm] for 3/16 in [5.0 mm] and larger sizes, to provide for electrical contactWith the electrode holder.

22.2 The arc end of each electrode shall be sufficiently conductive and the covering-sufficiently tapered to permit easy
striking of the arc. The length of the conductive portion (measured from the €nd-of the core wire to the location where
the full cross-section of the covering is obtained) shall not exceed 1/8 in [3.2-mim] or the diameter of the core wire, which-
ever is less. Electrodes with chipped coverings near the arc end, baring the’core wire no more than the lesser of 1/4 in
[6.0 mm] or twice the diameter of the core wire, meet the requiremefts of this specification, provided no chip uncovers
more than 50% of the circumference of the core.

23. Electrode Identification
All electrodes shall be identified as follows:

23.1 At least one imprint of the electrode designation (classification plus any optional designators) shall be applied to the
electrode covering in the order specified in Figure 10, starting within 2-1/2 in [65 mm] of the grip end of the electrode.
The prefix letter “E” in the classification may be omitted from the imprint.

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

23.3 The ink used for imprinting shall provide sufficient contrast with the electrode covering so that, in normal use, the
numbers and letters are legiblg both before and after welding.

23.4 When an electrode, is\classified as meeting the requirements of AS5.1 and A5.1M, both electrode designations shall
be applied.

24. Paekaging

24.1 Electrodes shall be suitably packaged to protect them from damage during shipment and storage under normal
conditions. In addition, E7018M [E4918M] electrodes shall be packaged in hermetically sealed containers. These her-
metically sealed containers shall be capable of passing the test specified in 24.3.

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

24.3 Hermetically sealed containers may be tested by selecting a representative sample container and immersing in water
that is at a temperature of at least 50°F [30°C] above that of the packaged material (room temperature). The container
shall be immersed so that the surface under observation is one inch [25 mm] below the water level and the greatest basic
dimension of the container is parallel to the surface of the water. A “leaker” is indicated by a steady stream of air bubbles

emanating from the container. A container with a stream that lasts for 30 seconds or more does not meet the require-
ments of this specification.
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Mandatory Classification Designators*

Designates an electrode. This designator may be deleted from the product imprint required
for identification of the electrode.

Designates the tensile strength (minimum), in ksi [MPa + 10], of the weld metal when pro-
duced in accordance with the test assembly preparation procedure of this specification (see
Table 2).

Designates the welding position in which electrodes are usable, the type of covering, and
the kind of welding current for which the electrodes are suitable (see Table 1).

Designates an electrode (E7018M [E4918M]) intended to meet most militaryldequire-
ments (greater toughness, lower moisture content—both as-received and after exposure—
and mandatory diffusible hydrogen limits for weld metal) (see Tables 3, 10,"and 11).

EXXYY |
EXXYYM
EXXYY-1HZR Optional Supplemental Designators*

Designates that the electrode meets the requirements of\the absorbed moisture test (an
optional supplemental test for all low hydrogen electrodes except the E7018M [E4918M]
classification, for which the test is required) (see Table 10).

Designates that the electrode meets the requitements of the diffusible hydrogen test (an
optional supplemental test of the weld métal'from low hydrogen electrodes—as-received
or conditioned—with an average valuedot exceeding “Z” mL of H, per 100 g of deposited
metal, where “Z” is 4, 8, or 16) (seesTable 11).

Designates that the electrode (E7016, E7018, or E7024) [E4916, E4918, or E4924] meets
the requirements for improvéd toughness—and ductility in the case of E7024 [E4924]—

(optional supplemental tést requirements shown in Tables 2 and 3) (see notes to Tables 2
and 3).

*The combination“of these designators constitutes the electrode classification.

Figure 10—Order of Mandatory and Optional Supplemental Designators

25. Marking of Packages
25.1 The following preduct information (as a minimum) shall be legibly marked on the outside of each unit package:

(1) AWS specification and classification designations along with applicable optional designators (year of issue may
be excluded)

(2) Supplier’s name and trade designation
(3).Size and net weight
(4) Lot, control, or heat number.

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

8 Tupical examnples of “warning labels” are shown in ficures in ANSI 740 1 for some common or specific consumables used with
T T = = T

certain processes.
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Annex-A-(Informative}—————————— —

Guide to AWS Specification for Carbon Steel
Electrodes for Shielded Metal Arc Welding

This annex is not part of AWS A5.1/A5.1M:2012, Specification for Carbon Steel Electrodes
for Shielded Metal Arc Welding, but is included for informational purposes only.

Al. Introduction

The purpose of this guide is to correlate the electrode classifications with their intended applications so the specification
can be used effectively. Appropriate base metal specifications are referred to whenever that<can be done and when it
would be most helpful. Such references are intended only as examples rather than complete/listings of the base metals
for which each electrode classification is suitable.

A2. Classification System

A2.1 The system for identifying the electrode classifications in this‘specification follows the standard pattern used in
other AWS filler metal specifications. The prefix letter “E” at the beginning of each classification designation stands for
electrode. The first two digits, 60 [43], for example, designatetténsile strength of at least 60 ksi [430 MPa] of the weld
metal, produced in accordance with the test assembly preparation section of the specification. In this document, the
classification in U.S. Customary Units is followed by the ST Unit classification in brackets. The third digit designates
position usability that will allow satisfactory welds to beproduced with the electrode.

Thus, the “1,” as in E6010 [E4310], means that the-¢lectrode is usable in all positions (flat, horizontal, vertical, and over-
head). The “2,” as in E6020 [E4320] designatés’that the electrode is suitable for use in the flat position and for making
fillet welds in the horizontal position. The <43 as in E7048 [E4948], designates that the electrode is suitable for use in
vertical welding with downward progressioir and for other positions (see Table 1). The last two digits taken together des-
ignate the type of current with which~thé electrode can be used and the type of covering on the electrode, as listed in
Table 1.

A2.2 Optional designators are,also used in this specification in order to identify electrodes that have met the mandatory
classification requirements,and certain supplementary requirements as agreed to between the supplier and the purchaser.
A “-1” designator following classification identifies an electrode which meets optional supplemental impact require-
ments at a lower temperature than required for the classification (see Note b to Table 3). An example of this is the
E7024-1 [E4924-1] electrode which meets the classification requirements of E7024 [E4924] and also meets the optional
supplemental requirements for toughness and improved elongation of the weld metal (see Note e to Table 2).

Certain low-hydrogen electrodes also may have optional designators. An optional supplemental designator “HZ” follow-
ing the four digit classification designators or following the “-1” optional supplemental designator, if used, indicates an
average diffusible hydrogen content of not more than “Z” mL/100g of deposited metal when tested in the “as-received”
or conditioned state in accordance with AWS A4.3, Standard Methods for Determination of the Diffusible Hydrogen
Content of Martensitic, Bainitic, and Ferritic Steel Weld Metal Produced by Arc Welding. Electrodes that are designated
as meeting the lower or lowest hydrogen limits, as specified in Table 11, are also understood to be able to meet any

63


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

SFA-5.1/SFA-5.1M ASME BPVC.IL.C-2023

higher hydrogen limits even though these are not necessarily designated along with the electrode classification. There-

fore, as an example, an electrode designated as “H4” also meets “H8” and “H16” requirements without being designated
as such. See Clause 18, Diffusible Hydrogen Test, and Table 11.

A letter “R” is a designator used with the low-hydrogen electrode classifications. It is used to identify electrodes that
have been exposed to a humid environment for a given length of time and tested for moisture absorption in addition to
the standard moisture test required for classification of low-hydrogen electrodes (see Clause 17, Absorbed Moisture
Test, and Table 10).

A2.3 Table A.1 shows the classification for similar electrodes from Canadian Standards Association standard W48-01,
Filler Metals and Allied Materials for Metal Arc Welding.

A2.4 Request for Filler Metal Classification

A2.4.1 When a welding electrode cannot be classified according to some classification given in this specification, the
manufacturer may request that a classification be established for that welding electrode. The manufaeturer may do this
by following the procedure given in A2.4.3, below.

A2.4.2 A request to establish a new electrode classification must be a written request, and. 4t'needs to provide suffi-
cient detail to permit the Committee on Filler Metals and Allied Materials, or the Subcommittee, to determine whether a
new classification or the modification of an existing classification is more appropriate, and,whether either is necessary to
satisfy the need.

A2.4.3 In particular, the request needs to include:

(1) All classification requirements as given for existing classificationsy ‘such as, chemical composition ranges,
mechanical property requirements, and usability test requirements.

Table A.1
Canadian Electrode Classifications
Similar to AWS Classifications

Canadian Electrode Classification® A5.1 A5.1M
E4310 E6010 E4310
E4311 E6011 E4311
E4312 E6012 E4312
E4313 E6013 E4313
E4322 E6022 E4322
E4327 E6027 E4327
E4910 — —
E4911 — —
E4912 — —
E4913 — —
E4914 E7014 E4914
E4915 E7015 E4915
E4916 E7016 E4916
E4918° E7018 E4918
E4922 — —
E4924¢ E7024 E4924
E4927 E7027 E4927
E4928 E7028 E4928
E4948 E7048 E4948

2 From CSA Standard W48-01, Filler Metals and Allied Materials for Metal Arc Welding, published by Canadian Standards Association, 178 Rexdale
Boulevard, Rexdale, Ontario, Canada MOW 1R3.
b Also includes E4918-1 designated electrode.

¢ Also includes E4924-1 designated electrodes.
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(2) Any testing conditions for conducting the tests used to demonstrate that the product meets the classification
requirements. (It would be sufficient, for example, to state that the welding conditions are the same as for the other
classifications.)

(3) Information on Descriptions and Intended Use, which parallels that for existing classifications, for that section of
the annex.

(4) Proposed ASME “F” number, if appropriate.

A request for a new classification without the above information will be considered incomplete. The Secretary ‘will
return the request to the requestor for further information.

A2.4.4 The request should be sent to the Secretary of the Committee on Filler Metals and Allied Materials at AWS
Headquarters. Upon receipt of the request, the Secretary will:

(1) Assign an identifying number to the request. The number shall include the date the request:was received.
(2) Confirm receipt of the request, and give the identification number to the person making'the request.

(3) Send a copy of the request to the Chair of the Committee on Filler Metals and Allied Materials, and the Chair of
the particular Subcommittee involved.

(4) File the original request.
(5) Add the request to the log of outstanding requests.

A2.4.5 All necessary action on each request shall be completed ag"soon as possible. If more than 12 months elapse,
the Secretary shall inform the requestor of the status of the request,<with copies to the Chairs of the Committee and Sub-
committee. Requests still outstanding after 18 months shall be cénsidered not to have been answered in a timely manner
and the Secretary shall report these to the Chair of the Committee on Filler Metals and Allied Materials, for action.

A2.4.6 The Secretary shall include a copy of the log of all requests pending and those completed during the preceding
year with the agenda for each Committee on Filler Metals and Allied Materials meeting. Any other publication of
requests that have been completed will be at the option of the American Welding Society, as deemed appropriate.

A2.5 An international system for designating welding filler metals developed by the International Institute of Welding
(ITW) is being adopted in many ISO specifications. Table A.2 shows those used in ISO 2560 for comparison with the
classifications in this specification. To understand the proposed international designation system, one is referred to Table
1 and the annex of AWS document(IFS:2002, entitled International Index of Welding Filler Metal Classifications.
National specifications from many, industrial countries having comparable filler metals are also found in Table 1 of
IFS:2002.

A3. Acceptance

Acceptance of all welding materials classified under this specification is in accordance with AWS A5.01M/A5.01 (ISO
14344 MOD),\as the specification states. Any testing a purchaser requires of the supplier, for material shipped in accor-
dance with this specification, needs to be clearly stated in the purchase order, according to the provisions of AWS A5.01.
In the absence of any such statement in the purchase order, the supplier may ship the material with whatever testing the
supplier normally conducts on material of that classification, as specified in Schedule F, Table 1, of the AWS AS5.01.
Testing in accordance with any other schedule in that table must be properly required by the purchase order. In such
cases, acceptance of the material shipped shall be in accordance with those requirements.

Ad4. Certification

The act of placing the AWS Specification and Classification designations and optional supplemental designators, if

applicable. on the packaging enclosing the product or the classification on the product itself. constitutes the supplier’s
(manufacturer’s) certification that the product meets all of the requirements of the specification.
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Table A.2
Comparison of Equivalent Classifications?
1SO USA
2560P AWS

A B A5.1 A5.1M
E35xC21 E4310 E6010 E4310
E35xCl1 E4311 E6011 E4311
E35xR12 E4312 E6012 E4312
E35xR12 E4313 E6013 E4313

— E4318 E6018 E4318
E35xRA12 E4319 E6019 E4319
E35xA13 E4320 E6020 E4320
E35xA33 — E6022 E4322
E35xRA54 E4327 E6027 E4327
E38xR32 E4914 E7014 E4914
E38xB22 E4915 E7015 E4915
E38xB12 E4916 E7016 E4916

— E4916-1 E7016-1 E4916-1
E38xB32 E4918 E7018 E4918

— E4918-1 E7018-1 E4918-1

— — E7018M E4918M
E38xRR4 E4924 E7024 E4924
E38xRR4 E4924-1 E7024-1 E4924-1
E38xRA54 E4927 E7027 E4927
E38xB53 E4928 E7028 E4928
E38xB35 E4948 E7048 E4948

2 The requirements for the equivalent classifications are not necessarily identical i every respect.
YISO 2560, Welding consumables — Covered electrodes for manual metal arc\welding of nonalloy fine grain steels — Classification.

The only testing requirement implicit in_this certification is that the manufacturer has actually conducted the tests
required by the specification on material’that is representative of that being shipped and that the material met the require-
ments of the specification. Representative material, in this case, is any production run of that classification using the
same formulation. “Certification”\is*not to be construed to mean that tests of any kind were necessarily conducted on
samples of the specific material~shipped. Tests on such material may or may not have been made. The basis for the certi-
fication required by the specifieation is the classification test of “representative material” cited above, and the “Manufac-
turer’s Quality Assurance(Program” in AWS A5.01M/A5.01 (ISO 14344 MOD).

AS. Ventilation During Welding

AS.1 The following five major factors govern the quantity of fumes in the atmosphere to which welders and welding
operatots are exposed during welding:

¢!) Dimensions of the space in which welding is done (with special regard to the height of the ceiling)
(2) Number of welders and welding operators working in that space
(3) Rate of evolution of fumes, gases, or dust, according to the materials and processes used

(4) The proximity of welders and welding operators to the fumes as they issue from the welding zone, and to the
gases and dust in the space in which they are working

(5) The ventilation provided to the space in which the welding is done.
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AS5.2 American National Standard ANSI 749.1, Safety in Welding, Cutting, and Allied Processes (published by the
American Welding Society), discusses the ventilation that is required during welding and should be referred to for
details. Attention is drawn particularly to the section of that document entitled, “Health Protection and Ventilation.”

A6. Welding Considerations

A6.1 Weld metal properties may vary widely, according to size of the electrode and amperage used, size of theweld
beads, base metal thickness, joint geometry, preheat and interpass temperatures, surface condition, base metal\composi-
tion, dilution, etc. Because of the profound effect of these variables, a test procedure was chosen for thigsspecification
which would represent good welding practice and minimize variation of the most potent of these variabl€s.

A6.2 It should be recognized, however, that production practices may be different. The differences encountered may
alter the properties of the weld metal. For instance, interpass temperatures may range frém,‘subfreezing to several
hundred degrees. No single temperature or reasonable range of temperatures can be chosen for classification tests which
will be representative of all of the conditions encountered in production work.

Properties of production welds may vary accordingly, depending on the particular welding conditions. Weld metal prop-
erties may not duplicate, or even closely approach, the values listed and prescribed for test welds. For example, ductility
in single pass welds in thick base metal made outdoors in cold weather without adequate preheating may drop to little
more than half that required herein and normally obtained. This does not ‘indicate that either the electrodes or the welds
are below standard. It indicates only that the particular production conditions are more severe than the test conditions
prescribed by this specification.

A6.3 Hydrogen is another factor to be considered in welding:-Weld metals, other than those from low-hydrogen elec-
trodes (E7015 [E4915], E7016 [E4916], E7018 [E4918], E7018M [E4918M], E7028 [E4928], and E7048 [E4948])
contain significant quantities of hydrogen for some périod of time after they have been made. Most of this hydrogen
gradually escapes. After two to four weeks at room temperature or 24 hours to 48 hours at 200°F to 220°F [90°C to
105°C], most of it has escaped. As a result of thisschange in hydrogen content, ductility of the weld metal increases
towards its inherent value, while yield, tensile@nd‘impact strengths remain relatively unchanged.

This specification permits aging of the test'specimens at 200°F to 220°F [90°C to 105°C] for up to 48 hours before sub-
jecting them to the all-weld-metal tension or transverse bend test. This is done to minimize discrepancies in testing (see
also A8.2, Diffusible Hydrogen Test):

A6.4 When weldments are given'a postweld heat treatment, the temperature and time at temperature are very important.
The tensile and yield strengths generally are decreased as postweld heat treatment temperature and time at temperature
are increased.

A6.5 Welds madé with electrodes of the same classification and the same welding procedure will have significantly dif-
ferent tensile and.yield strengths in the as-welded and postweld heat-treated conditions. Comparison of the values for as-
welded and.postweld heat-treated (1150°F [620°C] for one hour) weld metal will show the following:

A6.5:1 The tensile strength of the postweld heat-treated weld metal will be approximately 5 ksi [35 MPa] lower than
that\of the weld metal in the as-welded condition.

A6.5.2 The yield strength of the postweld heat-treated weld metal will be approximately 10 ksi [70 MPa] lower than
that of the weld metal in the as-welded condition.

A6.6 Conversely, postweld heat-treated welds made with the same electrodes and using the same welding procedure
except for variation in interpass temperature and postweld heat treatment time, can have almost identical tensile and
yield strengths. As an example, almost identical tensile and yield strengths may be obtained in two welds, one using an

interpass temperature of 300°F [150°C] and postweld heat-treated for 1 hour at 1150°F [620°C]. and the other using an
interpass temperature of 212°F [100°C] and postweld heat-treated for 10 hours at 1150°F [620°C].

67


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

SFA-5.1/SFA-5.1M ASME BPVC.IL.C-2023

A6.7 Electrodes which meet all the requirements of any given classification may be expected to have similar characteris-
tics. Certain minor differences continue to exist from one brand to another due to differences in preferences that exist
regarding specific operating characteristics. Furthermore, the only differences between the present E6(OXX and E70XX
[E43XX and E49XX] classifications are the differences in chemical composition and mechanical properties of the weld
metal, as shown in Tables 2, 3, and 7. In many applications, electrodes of either E60XX or E70XX [E43XX or E49XX]
classifications may be used.

A6.8 Since the electrodes within a given classification have similar operating characteristics and mechanical properties,
the user can limit the study of available electrodes to those within a single classification after determining which classifix
cation best suits the particular requirements.

A6.9 This specification does not establish values for all characteristics of the electrodes falling within a given classifica-
tion, but it does establish values to measure those of major importance. In some instances, a particular characteristic is
common to a number of classifications and testing for it is not necessary. In other instances, the charagteristics are so
intangible that no adequate tests are available. This specification does not necessarily provide all the information needed
to determine which classification will best fulfill a particular need. The information included in*Annex Clause A7
regarding typical applications for each classification supplements information given elsewhere in the’specification and is
intended to provide assistance in making electrode selections. However, it must be noted that,it\is‘the fabricator’s respon-
sibility to ensure that the electrode selected will satisfy all of the performance requirement$-for the intended applications
under the specific fabrication conditions in use.

A6.10 Some important tests for measuring major electrode characteristics are as follows:

A6.10.1 Radiographic Test. Nearly all of the carbon steel electrodes covered by this specification are capable of pro-
ducing welds that meet most radiographic soundness requirements. Howeyer;-if incorrectly applied, unsound welds may
be produced by any of the electrodes. For electrodes of some classifications; the radiographic requirements in Table § are
not necessarily indicative of the average radiographic soundness ta_be expected in production use. Electrodes of the
E6010 [E4310], E6011 [E4311], E6019 [E4319], and E6020 [E4320] classifications can be expected to produce accept-
able radiographic results.

Under certain conditions, notably in welding long, contingops joints in relatively thick base metal, low-hydrogen elec-
trodes of the E7015 [E4915], E7016 [E4916], E7018 [E4918], and E7018M [E4918M] classifications will often produce
even better results. On the other hand, in joints open\to the atmosphere on the root side, at the ends of joints, in joints
with many stops and starts, and in welds on small*diameter pipe or in small, thin, irregularly shaped joints, the low-
hydrogen electrodes tend to produce welds of.poor radiographic soundness. For the shielded metal arc process, E6013
[E4313] electrodes usually produce the bestradiographic soundness in welding small, thin parts.

E6027 [E4327], E7024 [E4924], and E7028 [E4928] electrodes produce welds which may be either quite good or rather
inferior in radiographic soundness. The tendency seems to be in the latter direction. Of all types, the E6022 [E4322] and
E6012 [E4312] electrodes generally produce welds with the least favorable radiographic soundness.

A6.10.2 Fillet Weld Test. This test is included as a means of demonstrating the usability of an electrode. This test is
concerned with the appeafance of the weld (i.e., weld face contour and smoothness, undercut, overlap, size, and resis-
tance to cracking). It @lso provides an excellent and inexpensive method of determining the adequacy of fusion at the
weld root (one of the important considerations for an electrode).

A6.10.3 Toughness. Charpy V-notch impact requirements are included in the specification. All classes of electrodes
in the specification can produce weld metal of sufficient toughness for many applications. The inclusion of impact
requiremients for certain electrode classifications allows the specification to be used as a guide in selecting electrodes
where low-temperature toughness is required. There can be considerable variation in the weld metal toughness unless
particular attention is given to the welding procedure and the preparation and testing of the specimens. The impact
energy values are for Charpy V-notch specimens and should not be confused with values obtained with other toughness
tests.

A6.11 Electrode Covering Moisture Content and Conditioning

A6.11.1 Hydrogen can have adverse effects on welds in some steels under certain conditions. One source of this

hydrogen is moisture in the electrode coverings. For this reason. the proper storage. treatment. and handling of elec-
trodes are necessary.
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A6.11.2 Electrodes are manufactured to be within acceptable moisture limits, consistent with the type of covering and

strength of the weld metal. They are then normally packaged in a container which has been designed to provide the
degree of moisture protection considered necessary for the type of covering involved.

A6.11.3 If there is a possibility that the noncellulosic electrodes may have absorbed excessive moisture, they may
be restored by rebaking. Some electrodes require rebaking at a temperature as high as 800°F [425°C] for approximately
1 hour to 2 hours. The manner in which the electrodes have been produced and the relative humidity and temperature
conditions under which the electrodes are stored determine the proper length of time and temperature used for conditions
ing. Some typical storage and drying conditions are included in Table A.3.

A6.11.4 Cellulosic coverings for E6010 [E4310] and E6011 [E4311] electrodes need moisture levels of approxi-
mately 3% to 7% for proper operation; therefore, storage or conditioning above ambient temperature may dry-them too
much and adversely affect their operation (see Table A.3).

A6.12 Core Wire. The core wire for all the electrodes classified in the specification is usually a mild steel having a typ-
ical composition which may differ significantly from that of the weld metal produced by the covered electrodes.

A6.13 Coverings

A6.13.1 Electrodes of some classifications have substantial quantities of iron powder-added to their coverings. The
iron powder fuses with the core wire and the other metals in the covering, as the electrode melts, and is deposited as part
of the weld metal, just as is the core wire. Relatively high currents can be used since a’considerable portion of the electri-
cal energy passing through the electrode is used to melt the thicker covering, containing iron powder. The result is that
more weld metal may be obtained from a single electrode with iron powder in'its covering than from a single electrode
of the same diameter without iron powder.

A6.13.2 Due to the thick covering and deep cup produced at the areing end of the electrode, iron powder electrodes
can be used very effectively with a “drag” technique. This techaique consists of keeping the electrode covering in con-
tact with the workpiece at all times, which makes for easy handling. However, a technique using a short arc length is
preferable if the 3/32 in or 1/8 in [2.5 mm or 3.2 mm] electrodes are to be used in other than flat or horizontal fillet weld-
ing positions or for making groove welds.

A6.13.3 The E70XX [E49XX] electrodes were dncluded in this specification to acknowledge the higher strength lev-
els obtained with many of the iron powder and 1ow;hydrogen electrodes, as well as to recognize the industry demand for

Table A.3
Typical Storage and Drying Conditions for Covered Arc Welding Electrodes
AWS Classification Storage Conditions®®
AS.1 AS5.IM Ambient Air Holding Ovens Drying Conditions®
E6010, E6011 E4310, E4311 Ambient Temperature Not recommended Not recommended
E6012, E6043, E6019, E4312, E4313, E4319, 80°F + 20°F 20°F to 40°F 275°F + 25°F
E6020, E6022, E6027, E4320, E4322, E4327, [30°C + 10°C] [10°C to 20°C] [135°C = 15°C]
E7014,)E7024, E7027 E4914, E4924, E4927 50% max. above ambient 1 hour at
relative humidity temperature temperature
E6018, E7015, E7016, E4318, E4915 E4916, Not recommended 50°F to 250°F 500°F to 800°F
E7018, E7028, E7018M, E4918, E4928, E4918M, [30°C to 140°C] [260°C to 425°C]
E7048 E4948 above ambient 1 to 2 hours at
temperature temperature

¢ After removal from manufacturer’s packaging.
b Some of these electrode classifications may be designated as meeting low moisture absorbing requirements. This designation does not imply that
storage in ambient air is recommended.

because ol mnherent differences m covering composition, the manutacturers should be consulted Ior the exact drying conditions.
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electrodes with 70 ksi [490 MPa] minimum tensile strength. Unlike the E70XX-X [E49XX-X] classification in AWS

AS.5, Specification for Low-Alloy Steel Electrodes for Shielded Metal Arc Welding, these electrodes do not contain
deliberate alloy additions, nor are they required to meet minimum tensile properties after postweld heat treatment.

A6.13.4 E70XX [E49XX] low-hydrogen electrodes have mineral coverings which are high in limestone and other
ingredients that are low in moisture and hence produce weld deposits “low in hydrogen content.” Low-hydrogen
electrodes were developed for welding low-alloy high-strength steels, some of which were high in carbon content. Elec-
trodes with other than low-hydrogen coverings may produce “hydrogen-induced cracking” in those steels. These under-
bead cracks occur in the base metal, usually just below the weld bead. Weld metal cracks may also occur.

Low-hydrogen electrodes should be used when welding high-sulfur or enameling steels. Other electrodes are likely' to
cause porosity and/or cracks in high-sulfur steels. With enameling steels, the hydrogen that escapes after welding with
other than low-hydrogen electrodes produces holes in the enamel.

A6.14 Amperage Ranges. Table A.4 gives amperage ranges which are satisfactory for most classifications. When weld-
ing vertically upward, currents near the lower limit of the range are generally used.

A7. Description and Intended Use of Electrodes
A7.1 E6010 [E4310] Classification

A7.1.1 E6010 [E4310] electrodes are characterized by a deeply penetrating, forceful, spray type arc and readily
removable, thin, friable slag which may not seem to completely coverdhe*weld bead. Fillet welds usually have a rela-
tively flat weld face and have a rather coarse, unevenly spaced ripple. The coverings are high in cellulose, usually
exceeding 30% by weight. The other materials generally used in the covering include titanium dioxide, metallic deoxi-
dizers such as ferromanganese, various types of magnesium orgaluminum silicates, and liquid sodium silicate as a binder.
Because of their covering composition, these electrodes are generally described as the high-cellulose sodium type.

A7.1.2 These electrodes are recommended for all welding positions, particularly on multiple pass applications in the
vertical and overhead welding positions and where’welds of good soundness are required. They frequently are selected
for joining pipe and generally are capable of welding in the vertical position with either uphill or downhill progression.

A7.1.3 The majority of applications for these electrodes is in joining carbon steel. However, they have been used to
advantage on galvanized steel and on‘serme low-alloy steels. Typical applications include shipbuilding, buildings,
bridges, storage tanks, piping, and pressure vessel fittings. Since the applications are so widespread, a discussion of each
is impractical. Sizes larger than 3/164n [5.0 mm] generally have limited use in other than flat or horizontal-fillet welding
positions.

A7.1.4 These electrodes have been designed for use with dcep (electrode positive). The maximum amperage that can
generally be used withrthe'larger sizes of these electrodes is limited in comparison to that for other classifications due to
the high spatter loss that occurs with high amperage.

A7.2 E6011 [E4311] Classification

A7.2.1'E6011 [E4311] electrodes are designed to be used with ac current and to duplicate the usability characteristics
and mechanical properties of the E6010 [E4310] classification. Although also usable with dcep (electrode positive), a
dectease in joint penetration will be noted when compared to the E6010 [E4310] electrodes. Arc action, slag, and fillet
weld appearance are similar to those of the E6010 [E4310] electrodes.

A7.2.2 The coverings are also high in cellulose and are described as the high-cellulose potassium type. In addition to
the other ingredients normally found in E6010 [E4310] coverings, small quantities of calcium and potassium compounds
usually are present.

A7.2.3 Sizes larger than 3/16 in [5.0 mm] generally have limited use in other than flat or horizontal-fillet welding

positions.
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A7.3 E6012 [E4312] Classification

A7.3.1 E6012 [E4312] electrodes are characterized by low penetrating arc and dense slag, which completely covers
the bead. This may result in incomplete root penetration in fillet welded joints. The coverings are high in titania, usually
exceeding 35% by weight, and usually are referred to as the “titania” or “rutile” type. The coverings generally also con-
tain small amounts of cellulose and ferromanganese, and various siliceous materials such as feldspar and clay with
sodium silicate as a binder. Also, small amounts of certain calcium compounds may be used to produce satisfactory arc
characteristics on dcen (electrode negative).

A7.3.2 Fillet welds tend to have a convex weld face with smooth even ripples in the horizontal welding position, and
widely spaced rougher ripples in the vertical welding position which become smoother and more uniform as the size)of
the weld is increased. Ordinarily, a larger size fillet must be made in the vertical and overhead welding positions,using
E6012 [E4312] electrodes compared to welds with E6010 [E4310] and E6011 [E4311] electrodes of the same-diameter.

A7.3.3 The E6012 [E4312] electrodes are all-position electrodes and usually are suitable for welding.in the vertical
welding position with either the upward or downward progression. However, more often the larger sizes are used in the
flat and horizontal welding positions rather than in the vertical and overhead welding positions. Thédarger sizes are often
used for single pass, high-speed, high current fillet welds in the horizontal welding position’\Their ease of handling,
good fillet weld face, and ability to bridge wide root openings under conditions of poor fit, and*to withstand high amper-
ages make them very well suited to this type of work. The electrode size used for verticakand overhead position welding
is frequently one size smaller than would be used with an E6010 [E4310] or E6011 [E4311] electrode.

A7.3.4 Weld metal from these electrodes is generally lower in ductility and may.be higher in yield strength (1 ksi to
2 ksi [7 MPa to 14 MPa]) than weld metal from the same size of either the E6Q10 [E4310] or E6011 [E4311] electrodes.

A7.4 E6013 [E4313] Classification

A7.4.1 E6013 [E4313] electrodes, although very similar to the E6012 [E4312] electrodes, have distinct differences.
Their flux covering makes slag removal easier and gives a smoothieriarc transfer than E6012 [E4312] electrodes. This is
particularly the case for the small diameters 1/16 in, 5/64 in, and-3/32 in [1.6 mm, 2.0 mm, and 2.5 mm]. This permits
satisfactory operation with lower open-circuit ac voltage. E6013 [E4313] electrodes were designed specifically for light
sheet metal work. However, the larger diameters are used on-many of the same applications as E6012 [E4312] electrodes
and provide low penetrating arc. The smaller diameters provide a less penetrating arc than is obtained with E6012
[E4312] electrodes. This may result in incomplete penétration in fillet welded joints.

A7.4.2 Coverings of E6013 [E4313] electrodes contain rutile, cellulose, ferromanganese, potassium silicate as a
binder, and other siliceous materials. The potassium compounds permit the electrodes to operate with ac at low amper-
ages and low open-circuit voltages.

A7.4.3 E6013 [E4313] electrodesrate similar to the E6012 [E4312] electrodes in usability characteristics and bead
appearance. The arc action tends tesbe quieter and the bead surface smoother with a finer ripple. The usability character-
istics of E6013 [E4313] electrades vary slightly from brand to brand. Some are recommended for sheet metal applications
where their ability to weld satisfactorily in the vertical welding position with downward progression is an advantage.

Others, with a more fluid'slag, are used for horizontal fillet welds and other general purpose welding. These electrodes
produce a flat fillet weld face rather than the convex weld face characteristic of E6012 [E4312] electrodes. They are also
suitable for making groove welds because of their concave weld face and easily removable slag. In addition, the weld
metal is definitely freer of slag and oxide inclusions than E6012 [E4312] weld metal and exhibits better soundness.
Welds with the smaller diameter E6013 [E4313] electrodes often meet the Grade 1 radiographic requirements of this
specification.

A7.4.4 E6013 [E4313] electrodes usually cannot withstand the high amperages that can be used with E6012 [E4312]
electrodes in the flat and horizontal welding positions. Amperages in the vertical and overhead positions, however, are
similar to those used with E6012 [E4312] electrodes.

A7.5 E7014 [E4914] Classification

A7.5.1 E7014 [E4914] electrode coverings are similar to those of E6012 [E4312] and E6013 [E4313] electrodes, but

with the addition of iron powder for obtaining higher deposition efficiency. The covering thickness and the amount of
iron powder in E7014 [E4914] are less than in E7024 [E4924] electrodes (see A7.10).
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A7.5.2 The iron powder also permits the use of higher amperages than are used for E6012 [E4312] and E6013
[E4313] electrodes. The amount and character of the slag permit E7014 [E4914] electrodes to be used in all positions.

A7.5.3 The E7014 [E4914] electrodes are suitable for welding carbon and low alloy steels. Typical weld beads are
smooth with fine ripples. Joint penetration is approximately the same as that obtained with E6012 [E4312] electrodes
(see A7.3.1), which is advantageous when welding over a wide root opening due to poor fit. The face of fillet welds
tends to be flat to slightly convex. The slag is easy to remove. In many cases, it removes itself.

A7.6 Low-Hydrogen Electrodes

A7.6.1 Electrodes of the low-hydrogen classifications E6018 [E4318], E7015 [E4915], E7016 [E4916],{E7018
[E4918], E7018M [E4918M], E7028 [E4928], and E7048 [E4948]) are made with inorganic coverings that contain min-
imal moisture. The covering moisture test such as specified in AWS A4.4M, Standard Procedure for Detexmination of
Moisture Content of Welding Fluxes and Welding Electrode Flux Coverings, converts hydrogen-bearing.¢ompounds in
any form in the covering into water vapor that is collected and measured. The test thus assesses the\potential hydrogen
available from an electrode covering. All low-hydrogen electrodes, in the as-manufactured condifion or after condition-
ing, are expected to meet a maximum covering moisture limit of 0.6% or less, as required in Table 10.

A7.6.2 The relative potential of an electrode to contribute to diffusible hydrogen in.the.weld metal can be assessed
more directly, but less conveniently, by the diffusible hydrogen test, as specified in Clause 18. The results of this test,
using electrodes in the as-manufactured condition or after conditioning, permit the\addition of an optional supplemental
diffusible hydrogen designator to the classification designation according to Table;l 1 (see also A8.2 in this annex).

A7.6.3 In order to maintain low-hydrogen electrodes with minimal moisture in their coverings, these electrodes
should be stored and handled with considerable care. Electrodes which.have'been exposed to humidity may absorb con-
siderable moisture and their low-hydrogen character may be lost. Fhen conditioning can restore their low-hydrogen
character (see Table A.3).

A7.6.4 Low-hydrogen electrode coverings can be designed:to'resist moisture absorption for a considerable time in a
humid environment. The absorbed moisture test (see Clause™l7) assesses this characteristic by determining the covering
moisture after nine hours exposure to 80°F [27°C], 80%:relative humidity air. If, after this exposure, the covering mois-
ture does not exceed 0.4%, then the optional supplemental designator, “R,” may be added to the electrode classification
designation, as specified in Table 10 (see also A8:3,in this annex).

A7.6.5 E7015 [E4915] Classification

A7.6.5.1 E7015 [E4915] electrodes are low-hydrogen electrodes to be used with dcep (electrode positive). The
slag is chemically basic.

A7.6.5.2 E7015 [E4915] elgetrodes are commonly used for making small welds on thick base metal, since the
welds are less susceptible to crdeking (see A6.13.4). They are also used for welding high-sulfur and enameling steels.
Welds made with E7015 [E4915] electrodes on high-sulfur steels may produce a very tight slag and a very rough or
irregular bead appearance in comparison to welds with the same electrodes in steels of normal sulfur content.

A7.6.5.3 The arc of E7015 [E4915] electrodes is moderately penetrating. The slag is heavy, friable, and easy to
remove. The weld'face is convex, although a fillet weld face may be flat.

A7.6:54E7015 [E4915] electrodes up to and including the 5/32 in [4.0 mm] size are used in all welding positions.
Larger electfodes are used for groove welds in the flat welding position and fillet welds in the horizontal and flat welding
positions:

A7.6.5.5 Amperages for E7015 [E4915] electrodes are higher than those used with E6010 [E4310] electrodes of
the same diameter. The shortest possible arc length should be maintained for best results with E7015 [E4915] electrodes.
This reduces the risk of porosity. The necessity for preheating is reduced; therefore, better welding conditions are provided.

A7.6.6 E7016 [E4916] Classification

A7.6.6.1 E7016 [E4916] electrodes have all the characteristics of E7015 [E4915] electrodes, plus the ability to
operate on ac. The core wire and coverings are very similar to those of E7015 [E4915], except for the use of a potassium

silicate binder or other potassium salts in the coverings to facilitate their use with ac. Most of the preceding discussion on
E7015 [E4915] electrodes applies equally well to the E7016 [E4916] electrodes. The discussion in A6.13.4 also applies.
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A7.6.6.2 Electrodes designated as E7016-1 [E4916-1] have the same usability and weld metal composition as

E7016 [E4916] electrodes except that the manganese content is set at the high end of the range. They are intended for
welds requiring a lower transition temperature than is normally available from E7016 [E4916] electrodes.

A7.6.7 E6018 [E4318] and E7018 [E4918] Classifications

A7.6.7.1 E7018 [E4918] electrode coverings are similar to E7015 [E4915] coverings, except for the addition of a
relatively high percentage of iron powder. The coverings on these electrodes are slightly thicker than those of the E7016
[E4916] electrodes.

A7.6.7.2 E7018 [E4918] low-hydrogen electrodes can be used with either ac or dcep. They are designed for-the
same applications as the E7016 [E4916] electrodes. As is common with all low-hydrogen electrodes, a short are-length
should be maintained at all times.

A7.6.7.3 In addition to their use on carbon steel, the E7018 [E4918] electrodes are also used for\jeints involving
high-strength, high-carbon, or low-alloy steels (see also A6.13). The fillet welds made in the horizonfal and flat welding
positions have a slightly convex weld face, with a smooth and finely rippled surface. The electrodés/are characterized by
a smooth, quiet arc, very low spatter, and medium arc penetration. E7018 [E4918] electrodes Cafi/be used at high travel
speeds.

A7.6.7.4 Electrodes designated as E7018-1 [E4918-1] have the same usability \and weld metal composition as
E7018 [E4918] electrodes, except that the manganese content is set at the high end\of) the range. They are intended for
welds requiring a lower transition temperature than is normally available from E7018 [E4918] electrodes.

A7.6.7.5 E6018 [E4318] electrodes possess operating and mechanical\property characteristics similar to E7018
[E4918] except at a lower strength level. The electrode covering and low,hydrogen characteristics are also similar. This
electrode is desirable where matching or undermatching weld depositis required. Electrodes that meet this classification
may also be suitable for buffer layer application in cladding operations’

A7.6.8 E7018M [E4918M] Classification

A7.6.8.1 E7018M [E4918M] electrodes are similar to-E7018-1H4R [E4918-1H4R] electrodes, except that the test-
ing for mechanical properties and for classification is/done on a groove weld that has a 60° included angle and, for elec-
trodes up to 5/32 in [4.0 mm], welded in the veftical position with upward progression. The impact test results are
evaluated using all five test values and higher values are required at —20°F [-30°C]. The maximum allowable moisture-
in-coating values in the “as-received” or reeonditioned state are more restrictive than that required for E7018R
[E4918R]. This classification closely cortésponds to MIL-7018-M in the United States military standard MIL-E-
22200/10 specification, with the exceptionthat the absorbed moisture limits on the electrode covering and the diffusible
hydrogen limits on the weld metal.are not as restrictive as those in MIL-E-22200/10.

A7.6.8.2 E7018M [E4918M] is intended to be used with dcep type current in order to produce the optimum
mechanical properties. However, if the manufacturer desires, the electrode may also be classified as E7018 [E4918] pro-
vided all the requirements‘of E7018 [E4918] are met.

A7.6.8.3 In addition to their use on carbon steel, the E7018M [E4918M] electrodes are used for joining carbon
steel to high-strength low-alloy steels and higher carbon steels. Fillet welds made in the horizontal and flat welding posi-
tions have a slightly convex weld face, with a smooth and finely rippled surface. The electrodes are characterized by a
smooth, quiet-arc, very low spatter, and medium arc penetration.

A7:6.9 E7028 [E4928] Classification

A7.6.9.1 E7028 [E4928] electrodes are very much like the E7018 [E4918] electrodes. However, E7028 [E4928]
electrodes are suitable for fillet welds in the horizontal welding position and groove welds in the flat welding position
only, whereas E7018 [E4918] electrodes are suitable for all positions.

A7.6.9.2 The E7028 [E4928] electrode coverings are much thicker. They make up approximately 50% of the
weight of the electrodes. The iron content of E7028 [E4928] electrodes is higher (approximately 50% of the weight of
the coverings). Consequently. on fillet welds in the horizontal position and groove welds in the flat welding position
E7028 [E4928] electrodes give a higher deposition rate than the E7018 [E4918] electrodes for a given size of electrode.
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A7.6.10 E7048 [E4948] Classification. Electrodes of the E7048 [E4948] classification have the same usability,
composition, and design characteristics as E7018 [E4918] electrodes, except that E7048 [E4948] electrodes are specifi-
cally designed for exceptionally good vertical welding with downward progression (see Table 1).

A7.7 E6019 [E4319] Classification

A7.7.1 E6019 [E4319] electrodes, although very similar to E6013 and E6020 [E4313 and E4320] electrodes in their
coverings, have distinct differences. E6019 [E4319] electrodes, with a rather fluid slag system, provide deeper arc pene-
tration and produce weld metal that meets a 22% minimum elongation requirement, meets the Grade 1 radiographic
standards, and has an average impact strength of 20 ft-1bf [27]] when tested at 0°F [-20°C].

A7.7.2 E6019 [E4319] electrodes are suitable for multipass welding of up to 1 in [25 mm] thick ste€l;*They are
designed for use with ac, dcen, or dcep. While 3/16 in [5.0 mm] and smaller diameter electrodes carn-be’used for all
welding positions (except vertical welding position with downward progression), the use of larger diameter electrodes
should be limited to the flat or horizontal fillet welding position. When welding in the vertical:welding position with
upward progression, weaving should be limited to minimize undercut.

A7.8 E6020 [E4320] Classification

A7.8.1 E6020 [E4320] electrodes have a high iron oxide covering. They are characterized by a spray type arc, pro-
duce a smooth and flat or slightly concave weld face, and have an easily removable'slag.

A7.8.2 A low viscosity slag limits their usability to horizontal fillets and flat ' welding positions. With arc penetration
ranging from medium to deep (depending upon welding current), E6020([E4320] electrodes are best suited for thicker
base metal.

A7.9 E6022 [E4322] Classification. Electrodes of the E6022 [E4322] classification are recommended for single-pass,
high-speed, high-current welding of groove welds in the flat welding position, lap joints in the horizontal welding posi-
tion, and fillet welds on sheet metal. The weld face tends totbe more convex and less uniform, especially since the weld-
ing speeds are higher.

A7.10 E7024 [E4924] Classification

A7.10.1 E7024 [E4924] electrode coverings/contain large amounts of iron powder in combination with ingredients
similar to those used in E6012 and E6013 [E4312 and E4313] electrodes. The coverings on E7024 [E4924] electrodes
are very thick and usually amount to about50% of the weight of the electrode, resulting in higher deposition efficiency.

A7.10.2 The E7024 [E4924] electrodes are well suited for making fillet welds in the flat or horizontal position. The
weld face is slightly convex to flaty with a very smooth surface and a very fine ripple. These electrodes are characterized
by a smooth, quiet arc, very low-Spatter, and low arc penetration. They can be used with high travel speeds. Electrodes of
these classifications can be operated on ac, dcep, or dcen.

A7.10.3 Electrode§ jdesignated as E7024-1 [E4924-1] have the same general usability characteristics as E7024
[E4924] electrodés. ;They are intended for use in situations requiring greater ductility and a lower transition temperature
than normally, is available from E7024 [E4924] electrodes.

A7.11 E6027 [E4327] Classification

A7.11.1 E6027 [E4327] electrode coverings contain large amounts of iron powder in combination with ingredients
sitnilar to those found in E6020 [E4320] electrodes. The coverings on E6027 [E4327] electrodes are also very thick and
usually amount to about 50% of the weight of the electrode.

A7.11.2 The E6027 [E4327] electrodes are designed for fillet or groove welds in the flat welding position with ac,
dcep, or dcen, and will produce a flat or slightly concave weld face on fillet welds in the horizontal position with either
ac or dcen.

A7.11.3 E6027 [E4327] electrodes have a spray-type arc. They will operate at high travel speeds. Arc penetration is
medium. Spatter loss is very low. E6027 [E4327] electrodes produce a heavy slag which is honeycombed on the under-

side. The slag is friable and easily removed.
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A7.11.4 Welds produced with E6027 [E4327] electrodes have a flat to slightly concave weld face with a smooth, fine,

even ripple, and good wetting along the sides of the joint. The weld metal may be slightly inferior in radiographic sound-
ness to that from E6020 [E4320] electrodes. High amperages can be used, since a considerable portion of the electrical
energy passing through the electrode is used to melt the covering and the iron powder it contains. These electrodes are
well suited for thicker base metal.

A7.12 E7027 [E4927] Classification. E7027 [E4927] electrodes have the same usability and design characteristics as
E6027 [E4327] electrodes, except they are intended for use in situations requiring slightly higher tensile and yield
strengths than are obtained with E6027 [E4327] electrodes. They must also meet chemical composition requirements
(see Table 7). In other respects, all previous discussions for E6027 [E4327] electrodes also apply to E7027 [E4927
electrodes.

A8. Special Tests

A8.1 It is recognized that supplementary tests may be necessary to determine the suitability of theSe,welding electrodes
for applications involving properties not considered in this specification. In such cases, additienal tests to determine
specific properties, such as hardness, corrosion resistance, mechanical properties at higher.orlower service tempera-
tures, wear resistance, and suitability for welding combinations of different carbon and low alloy steels, may need to be
conducted.

A8.2 Diffusible Hydrogen Test

A8.2.1 Hydrogen-induced cracking of weld metal or the heat-affected-zone_generally is not a problem with carbon
steels containing 0.3% or less carbon, nor with lower strength alloy ste€ls. " However, the electrodes classified in this
specification are sometimes used to join higher carbon steels or low-alley)high-strength steels where hydrogen-induced
cracking may be a serious problem.

A8.2.2 The coating moisture test has proven to be a satisfactory test over many years as a means of assessing the
degree of care needed to avoid hydrogen-induced cracking This is, however, an indirect test. Moisture itself does not
cause cracking, but the diffusible hydrogen that forms fromithe moisture in the arc can cause cracking. Nor is moisture
the only source of hydrogen.

A8.2.3 Since entry of diffusible hydrogen intq theé weld pool can be affected by the form of the moisture in the coat-
ing (for example, chemically bonded versus surface adsorbed), there is a fundamental utility for considering diffusible
hydrogen for low-hydrogen electrodes. Accordingly, the use of optional designators for diffusible hydrogen is intro-
duced to indicate the maximum average Value obtained under a clearly defined test condition in AWS A4.3, Standard
Methods for Determination of the Diffusible Hydrogen Content of Martensitic, Bainitic, and Ferritic Steel Weld Metal
Produced by Arc Welding.

A8.2.4 The user of this information is cautioned that actual fabrication conditions may result in different diffusible
hydrogen values than those.indicated by the designator.

A8.2.5 The use of @ teference atmospheric condition during welding is necessitated because the arc is imperfectly
shielded. Moisture front the air, distinct from that in the covering, can enter the arc and subsequently the weld pool, con-
tributing to the #esSulting observed diffusible hydrogen. This effect can be minimized by maintaining as short an arc
length as possible consistent with a steady arc. Experience has shown that the effect of arc length is minor at H16 level,
but can be very significant at the H4 level. An electrode meeting the H4 requirements under the reference atmospheric
conditiens imay not do so under conditions of high humidity at the time of welding, especially if a long arc length is
maintained.

A8.2.6 The reference atmospheric condition during welding of the test assembly is 10 grains of water vapor per
pound of dry air [1.43 g of water vapor per kg of dry air]. This corresponds to 70°F [21°C] and 10% RH on a standard
psychrometric chart at 29.92 in [760 mm] Hg barometric pressure. Actual conditions, measured using a sling psychrom-
eter, that equal or exceed this reference condition provide assurance that the conditions during welding will not diminish
the final results of the test.

A8.3 Absorbed Moisture Test. The development of low-hydrogen electrode coverings that resist moisture absorption

during exposure to humid air is a recent improvement in covered electrode technology. Not all commercial low-hydrogen
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electrodes possess this characteristic. To assess this characteristic, the absorbed moisture test described in Clause 17 was

devised. The exposure conditions selected for the test are arbitrary. Other conditions may yield quite different results.

A task group of the AWS AS5SA Subcommittee evaluated this test and concluded that it can successfully differentiate
moisture resistant electrodes from those which are not. The task group also observed considerable variability of covering
moisture results after exposure of electrodes in cooperative testing among several laboratories. The precision of the test
is such that, with moisture resistant electrodes from a single lot, the participating laboratories could observe exposed
covering moisture values ranging, for example, from 0.15% or less to 0.35% or more. The task group concluded that the
variability was due to both variations in the exposure conditions and the variability inherent in the application of\the
moisture test procedure. Therefore, it is not realistic to set a limit for covering moisture of exposed moisture résistant
electrodes lower than 0.4% at this time.

A9. Discontinued Classifications

A number of electrode classifications have been discontinued during the numerous revisions of this‘specification, reflecting
either changes in commercial practice, or changes in the scope of filler metals classified in‘the*specification. These dis-
continued electrode classifications are listed in Table A.5, along with the year they were last\published in this specification.

A10. General Safety Considerations

NOTE: Safety and health issues and concerns are beyond the scope ¢f this standard and, therefore, are not fully
addressed herein. Some safety and health information can be found in-Annex Clause AS. Safety and health information
is available from other sources, including, but not limited to, Safety,anid Health Fact Sheets listed in A10.2, ANSI Z49.1,
Safety in Welding, Cutting, and Allied Processes,” and applicable’fedéral and state regulations.

9 ANSI Z49.1 is published by the American Welding Society, 8669-Doral Blvd., Doral, FL 33166.

Table A.5
Discontinued Electrode Classifications?
Last'A5.1 (ASTM A-233) Last A5.1 (ASTM A-233)
AWS Classification Publication Date AWS Classification Publication Date

E4511 1943 E9030 1945
E4521 1943 E10010P 1945
E7010P 1945 E10011° 1945
E7011® 1945 E10012 1945
E7012 1945 E10020 1945
E7020° 1945 E10030 1945
E7030 1945 E4510 1958
E8010° 1945 E4520 1958
E8011P 1945 E6014 1958
E8012 1945 E6015 1958
E8020P 1945 E6016 1958
E8030 1945 E6018°¢ 1958
E9010P 1945 E6024 1958
E9011b 1945 E6028 1958
E9012 1945 E6030 1958
E9020 1945

2 See Clause A9 for information on discontinued classifications.

b These electrode classifications were transferred from the ASTM A233-45T to the new AWS A5.5-48T. They were later discontinued from that spec-
ification and replaced with the new “G” classifications in order to permit a single classification system with weld metal chemical composition
requirements in AWS AS.5-58T,

¢ This classification was reintroduced in the 2004 revision of AWS AS5.1/A5.1M with revised classification requirements.
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A10.1 Safety and Health Fact Sheets. The Safety and Health Fact Sheets listed below are published by the American

Welding Society (AWS). They may be downloaded and printed directly from the AWS website at http://www.aws.org.
The Safety and Health Fact Sheets are revised and additional sheets added periodically.

A10.2 AWS Safety and Health Fact Sheets Index (SHF)!©

No. Title
1 Fumes and Gases
2 Radiation
3 Noise
4 Chromium and Nickel in Welding Fume
5 Electrical Hazards
6 Fire and Explosion Prevention
7 Burn Protection
8 Mechanical Hazards
9 Tripping and Falling
10 Falling Objects
11 Confined Spaces
12 Contact Lens Wear
13 Ergonomics in the Welding Environment
14 Graphic Symbols for Precautionary Labels
15 Style Guidelines for Safety and Health Documents
16  Pacemakers and Welding
17 Electric and Magnetic Fields (EMF)
18  Lockout/Tagout
19  Laser Welding and Cutting Safety
20 Thermal Spraying Safety
21 Resistance Spot Welding
22 Cadmium Exposure from Welding & Allied Processes
23 California Proposition 65
24 Fluxes for Arc Welding and Brazing: Safe Handling and Use
25  Metal Fume Fever
26  Arc Viewing Distance
27 Thoriated Tungsten Electrodes
28 Oxyfuel Safety: Check Valves and Flashback Arrestors
29 Grounding of Portable and Vehicle Mounted Welding Generators
30 Cylinders: Safe Storage, Handling, and Use
31 Eye and Face Protection for Welding and Cutting Operations
33 Personal Protective Equipment (PPE) for Welding & Cutting
34 Coated Steels: Welding“and Cutting Safety Concerns
36 Ventilation for Welding & Cutting
37 Selecting Gloves for Welding & Cutting

10 AWS standards are published by the American Welding Society, 8669 Doral Blvd., Doral, FL 33166.
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SPECIFICATION FOR CARBON AND LOW-ALLOY STEEL
RODS FOR OXYFUEL GAS WELDING

&g@ SFA-5.2/SFA-52M

®

(Identical with AWS Specification A5.2/A5.2M:2018. In case of dispute, the original AWS text applies.)
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SpecificationforCarl ] Allov_Steel
Rods for Oxyfuel Gas Welding

1. Scope

1.1 This specification prescribes requirements for the classification of carbon and low-alloy steel rods for oxyfuel gas
welding.

1.2 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 designated A5,2 ases U.S. Customary
Units. The specification designated A5.2M uses SI Units. The latter units 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 A5.2 and A5.2M 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 healthNinformation can be found in 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 Procésses
(2) AWS Safety and Health Fact Sheets
(3) Other safety and health information on AWS wébsite
Material or Equipment Manufacturers:
(1) Safety Data Sheets supplied by materials manufacturers
(2) Operating Manuals supplied by equipment manufacturers
Applicable federal and state regulations:

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 bé-encountered. The user of this standard should establish an appropriate safety program to
address such risks as wéll\as to meet applicable regulatory requirements. ANSI Z49.1 should be considered when devel-
oping the safety program.

2. Normative References

2.1 The documents listed below are referenced within this publication and are mandatory to the extent specified herein.
Forundated 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.
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2.2 The following AWS standards are referenced in the normative clauses of this document:

(1) AWS A3.0M/A3.0, Standard Welding Terms and Definitions; Including Terms for Adhesive Bonding, Brazing,
Soldering, Thermal Cutting, and Thermal Spraying

(2) A5.01M/AS5.01 (ISO 14344 MOD), Welding Consumables—Procurement of Filler Metals and Fluxes
(3) AWS B4.0, Standard Methods for Mechanical Testing of Welds
(4) AWS B4.0M, Standard Methods for Mechanical Testing of Welds.
2.3 The following ANSI standard is referenced in the normative clauses of this document:
(1) ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes.
2.4 The following ASTM standards are referenced in the normative clauses of this document:
(1) ASTM A36/A36M, Standard Specification for Carbon Structural Steel

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

(3) ASTM AS514/A514M, Standard Specification for High—Yield—Strength, Quenched”and Tempered Alloy Steel
Plate, Suitable for Welding

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

(5) ASTM E350, Standard Test Methods for Chemical Analysis of Carben Steel, Low-Alloy Steel, Silicon Electrical
Steel, Ingot Iron, and Wrought Iron

2.5 The following ISO standard is referenced in the normative clauses of this document:

(1) ISO 544, Welding consumables—Technical delivery conditions for welding filler materials and fluxes—Type of
product, dimensions, tolerances and markings

(2) ISO 80000-1, Quantities and Units—Part 1: Geueral (Corrected by 1SO 80000—1:2009/Cor 1:2011)

3. Classification

3.1 The welding rods covered by this A5 specification utilize a classification system based on U.S. Customary
Units and are classified according to theZmechanical properties of the weld metal in the as-welded condition, as shown in
Table 1.

3.1M The welding rods covered,by this A5.2M specification utilize a classification system based on the International
System of Units (SI) and are\classified according to the mechanical properties of the weld metal in the as-welded
condition, as shown in Table’ 1.

3.2 Welding rods cldssified under one classification shall not be classified under any other classification in this
specification. A welding rod may be classified under both A5.2 and A5.2M providing it meets the requirements of both
specifications,

3.3 The wWelding rods classified under this specification are intended for oxyfuel gas welding, but that is not to prohibit
their use with any other process for which they are found suitable.

4. Acceptance
Acceptance! of the welding rods shall be in accordance with the provisions of AWS A5.01M/A5.01 (ISO 14344 MOD).

(ISO 14344 MOD).
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Tabla-1

Tavic 1

Tension Test Requirements

AWS Classification Minimum Tensile Strength® Elongation in 1 in [25 mm]
A52 A52M ksi | MPa Percent, Min.
R45 RM30 Not Specified Not Specified
R60 RM40 60 400 20
R65 RM45 65 450 16
R100 RM69 100 690 14
R(X)XX-G® RMXX-G* (X)XXP XXe Not Specified

2 Specimens shall be tested in the as-welded condition.

b For specification A5.2, classifications R(X)XX-G should be based on minimum tensile strength of all-weld-metal tension test’of
the test assembly, expressed in multiples of 1000 psi. These designators shall be limited to 45, 60, 65, and 100.

¢ For specification A5.2M, classification RMXX-G shall be based on minimum tensile strength of all-weld-metal tenstoirtest of the
test assembly, expressed in multiples of 10 MPa. These designators shall be limited to 30, 40, 45, and 69.

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.?

6. Rounding Procedure

For the purpose of determining compliance with the requirements of.this standard, the actual test values obtained shall
be subjected to the rounding rules of ASTM E29 or Rule A in Clause\B.3 of 1SO 80000-1 (the results are the same). If the
measured values are obtained by equipment calibrated in units. other than those of the specified limit, the measured val-
ues shall be converted to the units of the specified limit beforé rounding. If an average value is to be compared to the
specified limit, rounding shall be done only after calculating the average. An observed or calculated value shall be
rounded to the nearest 1000 psi (1 ksi) for tensile strength for A5.2, and to the nearest 10 MPa for tensile strength for
AS5.2M, and to the nearest unit in the last right-hdud place of figures used in expressing the limiting values for other
quantities. The rounded results shall fulfill the réquirements for the classification under test.

7. Summary of Tests

The tests required for each classification are specified in Table 2. The purpose of these tests is to determine the chemical
composition of the welding rod-and the mechanical properties of the weld metal. The base metal for the preparation of
test samples, the testing pregedures to be employed, and the results required are given in Clauses 9 through 11.

Table 2
Required Tests
AWS Classification
Chemical Analysis Tension Test

As2 | Asam

R45 RM30 Required Not required

R60 RM40 Required Required

R65 RM45 Required Required

R100 RM69 Required Required
R(X)XX-G RMXX-G Not required Required

2 See Annex Clause A4 for further information concerning certification and the testing called for to meet this requirement.
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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. Specimens or samples for retest may be taken from the original test assembly or sample, or from a new
test assembly or sample. For chemical analysis, the 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 consid-
ered 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 specified or proper pro=
cedures were not followed in preparing the weld test assembly, or in conducting the test, the test shall be consideéred
invalid, without regard to whether the test was actually completed, or whether the test results met, or failed to meet, the
requirement. That test shall be repeated, following proper specified procedures. In this case, the requirement for‘doubling
the number of test specimens does not apply.

9. Weld Test Assembly

9.1 Except for the R45 [RM30] classification, one weld test assembly is required. It is the‘gfoove weld for mechanical
properties in Figure 1.

9.2 Preparation of the weld test assembly shall be as specified in Figure 1. The base metal for the assembly shall be as
required in Table 3 and shall meet the requirements of the appropriate ASTM specification shown there or an equivalent
specification. Testing of the assembly shall be as prescribed in Clause 11.

ALL WELD METAL
;TENSION SPECIMEN AL

T m

| I

DISCARE\\ THIS PIECE D
T

oI
L ! ! C
| 1

o

I 1
l DISCARD THISPIECE | D

70°-80°

Dimension in mm
L, min. 5 125
W, min. 5 125

T, nominal 3/8 10
D, min. 1 25
C, min. 2-1/2 65

G 1/8 to 5/32 3to4

Figure 1—Groove Weld Test Assembly for Mechanical Properties
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Tabla-2

Taviv v

Base Metal Required for Test Assemblies

Base Metal

AWS Classification UNS

A52 | A5 OM Type ASTM Specification Number®

R60 RM40 Carbon Steel | A36:A283, grade C, K02600
or equivalent

R65 RM45 Carbon Steel | 1136 A285, grade €, K02600
or equivalent

R100 RM69 Low-Alloy Steel | AnY grade of AS14 K11630
or equivalent

ROOXX-G | RMXX-G Mat.erlal shall have tensile s:trength a.lnd chemical composition
similar to that of the rod being classified.

2 SAE HS-1086/ASTM DS-56 Metals & Alloys in the Unified Numbering System.

9.3 A test assembly shall be prepared as specified in 9.2. It shall be preheated to between 60°F [15°C] and 200°F [95°C],
and the assembly shall be welded using a 3/32 in or 1/8 in [2.5 mm or 3.2 /mm] diameter welding rod, and using a
maximum of five layers. No layer shall exceed 1/8 in [3 mm] in thickness.\The filler metal shall be deposited using
backhand welding with a neutral or slightly reducing flame. After welding/each layer, the assembly shall be allowed to
cool in still air until the interpass temperature drops below 350°F [1802CJ\before proceeding with the next layer. The joint
shall be completely welded without treatment of the reverse side (footsurface). Maximum weld reinforcement shall be
1/8 in [3 mm]. After the last pass has been completed, the assembly shall be allowed to cool in still air to ambient
temperature. The assembly shall be tested in the as-welded condition.

10. Chemical Analysis

10.1 A sample of the welding rod or the rod stock\from which it is made shall be prepared for chemical analysis. Welding
rod, when analyzed for elements that are present in the coating (e.g., copper flashing), shall be analyzed without removing
the coating. When the welding rod is analyzed for elements other than those in the coating, the coating must be removed
if its presence affects the results of the analysis for the other elements. Rod stock analyzed for elements not in the coating
may be analyzed prior to applying.tlie,coating.

10.2 The sample shall be analyzed by accepted analytical methods. The referee method shall be ASTM E350.

10.3 The results of the analysis shall meet the requirements of Table 4 for the classification of the rod under test.

11. Tension Test

11.1 One alti=weld-metal tension test specimen, as specified in the Tension Test Clause of AWS B4.0 or B4.0M, shall be
machined-from the groove weld described in Clause 9 and shown in Figure 1. The all-weld-metal tension test specimen
shall iavea nominal diameter of 0.250 in [6.5 mm] and a nominal gage length-to-diameter ratio of 4:1.

11:2T'he specimen shall be tested in the manner described in the Tension Test Clause of AWS B4.0 or B4.0M.

11.3 The results of the tension test shall meet the requirements specified in Table 1.

12. Method of Manufacture

The welding rods classified according to this specificati
rods that meet the requirements of this specification.
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Taolla-A

Tavic =

Chemical Composition Requirements for Welding Rods and Rod Stock

AWS Classification Amount, wt %°
UNS Number?® - -
A2 | AsaMm c | v [ si | P | s | cu | o[ N | Mo | Al
R45 RM30 K00045 0.08 0.50 0.10 0.035 0.040 0.30 0.20 0.30 0.20 | 0.02
0.90 0.10
R60 RM40 K00060 0.15 to to 0.035 | 0.035 0.30 0.20 | 0.30 0.20 | 002
1.40 0.35
0.90 0.10
R65 RM45 K00065 0.15 to to 0.035 | 0.035 0.30 0.40 | 0.30 020 | 0.02
1.60 0.70
0.18 | 0.70 0.20 0.40 | 040 0.15
R100 RM69 K12147 to to to 0.025 | 0.025 0.15 to to to 0.02
0.23 0.90 0.35 0.60.% 0.70 0.25
R(X)XX-GE| RMXX=GY | oo NOt SPECIIEd ..oy Gl

2 SAE HS-1086/ASTM DS-56 Metals & Alloys in the Unified Numbering System.

b Single values are maxima.

¢ Designators “(X)XX” correspond to minimum tensile strength of weld metal in ksi. See Note “b” of Table 1.

4 Designators “XX” correspond to minimum tensile strength of weld metal in multiples of 10 MPa.See Note “c” of Table 1.

13. Standard Sizes and Lengths

Standard sizes and lengths for welding rods shall be as shew#'in Table 5.

14. Finish and Uniformity

14.1 All welding rods shall have a smooth finish that is free from slivers, depressions, scratches, scale, seams, laps, and
foreign matter that would adversely affectthe welding characteristics or the properties of the weld metal.

14.2 A suitable protective coating may be applied to any welding rod in this specification.

14.3 The welding rods may be coated with the minimum amount of oil necessary to prevent rusting, but not sufficient to
adversely affect weld properties; €xcept that oil is not permitted when copper or other suitable coatings are used to prevent
rusting.

15. Filler Metal Identification

Each bare straight length filler rod shall be durably marked with identification traceable to the unique product type of the
manufagturer or supplier. Suitable methods of identification could include stamping, coining, embossing, imprinting,
flag-tagging, or color coding. (If color coding is used, the choice of color shall be as agreed upon between the purchaser
andssupplier, and the color shall be identified on the packaging.) When the AWS classification is used for identification,
itshall be used in its entirety; for example, “R65” or “RM45” would be used for an R65 [RM45] welding rod. Additional
1identification shall be as agreed upon between the purchaser and supplier.

16. Packaging

Welding rods shall be suitably packaged to ensure against damage during shipment and storage under normal conditions.

85


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

SFA-5.2/SFA-5.2M ASME BPVC.IL.C-2023

Talbla L
TANVIC J

Standard Filler Metal Sizes?

Standard Diameter Tolerance
Package Form A5.2 (in) A5.2M (mm) in  mm
1/16 (0.062) 1.6 |

3/32 (0.094) 24
— (0.098) 2.5
1/8 (0.125) 3.2
Straight lengths® 5/32 (0.156) 4.0 +0.002 +0.05

3/16 (0.188) 4.8¢
— (0.197) 5.0
— (0.236) 6.0

| 1/4 (0.250) 6.4¢ |

2 Other sizes may be supplied as agreed upon between the purchaser and supplier.

® The standard length of the welding rod shall be 36 in +0, —1/2 in [900 mm +15 mm,
—0 mm]. Other lengths may be supplied as agreed upon between the purchaser and
supplier.

¢ All sizes in mm are standard in ISO 544 except 4.8 mm and 6.4 mm.

17. Marking of Packages

17.1 The following product information (as a minimum) shall be legibly marked 50 as to be visible from the outside of
each unit package:

(1) AWS Specification and classification designations (year of issuenay 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 or all’ packages of welding rods, including individual unit packages
enclosed within a larger package.

—3?1 st bt . - . ] e NS 24O

specific consumables used with certain processes.
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Annex A (Informative)
Guide to AWS Specification for Carbon and
Low-Alloy Steel Rods for Oxyfuel Gas Welding

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

Al. Introduction

The purpose of this guide is to correlate the rod classifications with their intended applications so the specification can be
used effectively. Appropriate base metal specifications are referred to whenever that can be done and when it would be
helpful. Such correlations are intended only as examples rather than complete listings of the nraterials for which each
filler metal is suitable.

A2. Classification System

A2.1 The system for identifying the rod classifications in this specification follows the standard pattern used in other
AWS filler metal specifications.

A2.2 The prefix “R [RM]” designates a rod. For AS5.2, the numbers (45,.60,765, and 100) indicate the required minimum
tensile strength, as a multiple of 1000 psi, of the weld metal in a tesf'weld made in accordance with specification A5.2.
Similarly, for A5.2M, the numbers (30, 40, 45, and 69) indicate the‘réquired minimum tensile strength, as a multiple of
10 MPa, of the weld metal in a test weld made in accordance with/Specification A5.2M.

A2.3 “G” Classification

A2.3.1 This specification includes filler metals classified as R(X)XX-G [RMXX-G]. The “G” indicates that the filler
metal is of a general classification. It is general béeause not all of the particular requirements specified for each of the
other classifications are specified for this classification. The intent in establishing this classification is to provide a means
by which filler metals that differ in one respect or another (e.g., chemical composition) from all other classifications
(meaning that the composition of the fillegnietal, in the case of the example, does not meet the composition specified for
any of the classifications in the specification) can still be classified according to the specification. The purpose is to allow
auseful filler metal—one that otherwise would have to await a revision of the specification—to be classified immediately
under the existing specification. This means, then, that two filler metals, each bearing the same “G” classification, may
be quite different in some certaifi’respect (e.g., chemical composition).

A2.3.2 The point of difference (although not necessarily the amount of that difference) referred to above will be
readily apparent from the use of the words not required and not specified in the specification. The use of these words is
as follows:

Not Specified is used in those areas of the specification that refer to the results of some particular test. It indicates that the
requirementS:for that test are not specified for that particular classification.

Not Required is used in those areas of the specification that refer to the test that must be conducted in order to classify a
fillet metal. It indicates that the test is not required because the requirements (results) for the test have not been specified
for that particular classification.
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Restating the case, when a requirement is not specified, it is not necessary to conduct the corresponding test in order to

classify a filler metal to that classification. When a purchaser wants the information provided by that test in order to con-
sider a particular product of that classification for a certain application, the purchaser will have to arrange for that infor-
mation with the supplier of that product. The purchaser will also have to establish with that supplier just what the testing
procedure and the acceptance requirements are to be, for that test. They may want to incorporate that information (via
AWS A5.01M/A5.01 (ISO 14344 MOD) in the purchase order.

A2.4 Request for Filler Metal Classification

(1) When a filler metal cannot be classified other than as a “G” classification, a manufacturer may request that a new
classification be established. The manufacturer shall do this using the following procedure:

If a manufacturer elects to use a “G” classification, the AWS A5 Committee on Filler Metals and Allied Materials\técom-
mends that the manufacturer still request that a new classification be established, as long as the filler metal4s)Commer-
cially available.

(2) Arequest to establish a new filler metal classification must be submitted in writing. The request needs to provide
sufficient detail to permit the AWS A5 Committee on Filler Metals and Allied Materials and the relevant Subcommittee
to determine whether a new classification or the modification of an existing classification is‘ore appropriate, or if
neither is necessary. In particular, the request needs to include:

(a) A declaration that the new classification will be offered for sale commercially;

(b) All classification requirements as given for existing classifications, such-as, chemical composition ranges,
mechanical property requirements, and usability test requirements;

(c) Any conditions for conducting the tests used to demonstrate-that the filler metal meets the classification
requirements (it would be sufficient, for example, to state that welding conditions are the same as for other classifications);

(d) Information on Descriptions and Intended Use, which patallels that for existing classifications (for that clause
of the Annex);

(e) Actual test data for all tests required for classification according to the requirements of the specification for
a minimum of two production heats/lots must be provided(lyr addition, if the specification is silent regarding mechani-
cal properties, test data submitted shall include approptiate weld metal mechanical properties from a minimum of two
production heats/lots.

A request for a new classification without the aboye information listed in (a) through (e) will be considered incomplete.
The Secretary will return the request to the requéster for further information.

(3) In order to comply with the AWS*Policy on Patented Items, Trademarks, and Restraint of Trade, if the proposed
new classification is patented, if a patént is pending for it, or if there is any intention to apply for a patent, the requester
shall disclose this. The affected classification shall be identified in all drafts and eventually the published standard iden-
tifying the patent owner. The requester shall also provide written assurance to AWS that:

[Name of the requester] has-filed a patent application [patent application number] for alloy [classification number].
[Name of the requester] does not hold and does not currently intend holding any essential patent claims.

or

[Name of the(quester] has filed a patent application [patent application number] for alloy [classification number].
[Name of the equester] will make a license available to such essential patent claims to applicants desiring to utilize the
license for the purpose of implementing the standard. The license will be under reasonable terms and conditions that are
demonstrably free of any unfair discrimination.

or

[Name of the quester] has filed a patent application [patent application number] for alloy [classification number].
[Name of the requester] will make a license available to such essential patent claims to applicants desiring to utilize the
license for the purpose of implementing the standard. The license will be without compensation and under reasonable
terms and conditions that are demonstrably free of any unfair discrimination.

behalf) will include in any documents transferring ownership of patents subject to the assurance, provisions sufficient to
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ensure that the commitments in the assurance are binding on the transferee, and that the transferee will similarly include

appropriate provisions in the event of future transfers with the goal of binding each successor-in-interest.

[Name of the requester]| indicates that it is intended to be binding on successors-in-interest regardless of whether such
provisions are included in the relevant transfer documents.

The status for the patent shall be checked before publication of the document and the patent information included in the
document will be updated as appropriate.

Neither AWS, nor the AWS Committee on Filler Metals and Allied Materials, nor the relevant Subcommittee is requiived
to consider the validity of any patent or patent application.

The published standard shall include a note as follows:

NOTE: The user s attention is called to the possibility that compliance with this standard may require use’of an invention
covered by patent rights. By publication of this standard, no position is taken with respect to the \alidity of any such
claim(s) or of any patent rights in connection therewith. If a patent holder has filed a statement gf 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.

(4) The request should be sent to the Secretary of the AWS A5 Committee on Filles Metals and Allied Materials at
AWS Headquarters.

A3. Acceptance

Acceptance of all welding materials classified under this specificationis in accordance with AWS AS5.01M/A5.01 (ISO
14344 MOD), as the specification states. Any testing a purchaserrequires of the supplier, for material shipped in accord-
ance with this specification, needs to be clearly stated in the purchase order according to the provisions of AWS A5.01M/
A5.01 (ISO 14344 MOD). In the absence of any such statemeiit in the purchase order, the supplier may ship the material
with whatever testing the supplier normally conducts, o material of that classification, as specified in Schedule F,
Table 1, of AWS A5.01M/A5.01 (ISO 14344 MOD). Testing in accordance with any other schedule in that table must be
specifically required by the purchase order. In such.cases, acceptance of the material shipped will be in accordance with
those requirements.

A4. Certification

The act of placing the AWS specification and classification designations on the packaging enclosing the product, or the
classification on the product itself, constitutes the supplier’s (manufacturer’s) certification that the product meets all of
the requirements of the specification. The only testing requirement implicit in this certification is that the manufacturer
has actually conducted thé.tests required by the specification on material that is representative of that being shipped, and
that material met the requirements of the specification. Representative material, in this case, is material from any produc-
tion run of that classification using the same formulation. Certification is not to be construed to mean that tests of any
kind were necessarily conducted on samples of the specific material shipped. Tests on such material may or may not have
been made. Fhe basis for the certification required by the specification is the classification test of “representative mate-
rial” cited.above, and the “Manufacturer’s Quality Assurance Program” in AWS A5.01M/A5.01 (ISO 14344 MOD).

AS. Ventilation During Welding

AS.1 Five major factors govern the quantity of fumes in the atmosphere to which welders and welding operators are
exposed during welding:

(1) Dimensions of the space in which welding is done (with special regard to the height of the ceiling)

(2) Number of welders and welding operators working in that space

Vi ANEER » DN £ S £ | 4 = VI ) 4+ | a| |
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(4) The proximity of welders or welding operators to the fumes as these fumes issue from the welding zone, and to

the gases and dusts in the space in which they are working
(5) The ventilation provided to the space in which the welding is done.

A5.2 American National Standard ANSI Z49.1 (published by the American Welding Society), discusses the ventilation
that is required during welding and should be referred to for details. Attention is drawn particularly to the clause on
Ventilation in that document. See also AWS F3.2, Ventilation Guide for Weld Fume, for more detailed descriptions of
ventilation options.

A6. Welding Considerations

A6.1 The test assembly required in this specification is welded according to established techniques of the oxyfuel gas
welding process.

A6.2 The oxyfuel gas supplied to the torch should be adjusted to give a neutral or slightly reducing-flame. This assures
the absence of the oxidizing flame that could adversely influence weld quality. The extent of th¢ excess fuel gas is
measured by the length of the streamer (the so-called “feather”) of unburned fuel gas visible at'th¢ extremity of the inner
cone. This streamer should measure about 1/8 to 1/4 the length of the inner cone of the flame”Excessively long streamers
should be avoided, since they may add carbon to the weld metal.

A6.3 In forehand welding, the torch flame points ahead in the direction of welding;-and the welding rod precedes the
torch flame. To distribute the heat and molten weld metal, it is necessary to use epposing oscillating motions for the flame
and welding rod. This may cause excessive melting of the base metal and imixing of base metal and weld metal. Weld
metal properties may be altered.

A6.4 In backhand welding, the torch flame points back at the moltefimetal, and the welding rod is interposed between
the flame and molten metal. There is significantly less manipulation-of the flame, the welding rod, and the molten metal.
Therefore, a backhand weld is more likely to approach the chemical composition of undiluted weld metal.

AT7. Description and Intended Use ¢f Carbon and Low-Alloy Steel Rods

A7.1 Oxyfuel gas welding rods have no coveritigs to influence usability of the rod. Thus, the ability to weld in the
vertical or overhead position is essentially a matter of welder skill and can be affected to some degree by the chemical
composition of the rod.

A7.2 Class R45 [RM30] welding rods are used for the oxyfuel gas welding of steels, where the minimum tensile
strength requirement of the steel does not exceed 45 ksi [300 MPa]. Class R45 [RM30] rods have a low carbon steel
composition.

A7.3 Class R60 [RM40] welding rods are used for the oxyfuel gas welding of carbon steels, where the minimum tensile
strength requirement ofithe steel does not exceed 60 ksi [400 MPa]. Class R60 [RM40] rods have a carbon steel
composition.

A7.4 Class R65{RM45] welding rods are used for the oxyfuel gas welding of carbon and low-alloy steels, where the
minimum tensile/strength requirement of the steel does not exceed 65 ksi [450 MPa]. Class R65 [RM45] welding rods
may have either a low-alloy or an unalloyed carbon steel composition.

A7.5 Class R100 [RM69] welding rods are used for the oxyfuel gas welding of low-alloy steels, where the minimum
tensile’strength requirement of the steel does not exceed 100 ksi [690 MPa] in the as-welded condition. Users are cautioned
that'response of the weld metal and base metal to postweld heat treatment may be different.

A8. Special Tests

It is recognized that supplementary tests may be required for certain applications. In such cases, tests to determine
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resistance, and suitability for welding combinations of dissimilar metals may be required. AWS A5.01M/A5.01 (ISO

14344 MOD) contains provisions for ordering such tests, which may be conducted as agreed upon between the purchaser
and supplier.

A9. Discontinued Classifications

Some classifications have been discontinued from one revision of this specification to another. Discontinued classificas
tions result from changes in commercial practice or changes in the classification system used in the specification\Fhe
classifications that have been discontinued are listed in Table A.1, along with the year in which they were last ineluded in
the specification.

Table A.1
Discontinued Classifications
AWS Classification | Last Published Date
GA 50 1946
GA 60 1946
GA 65 1946
GB 45 1946
GB 60 1946
GB 65 1946
RG 45 1969
RG 60 1969
RG 65 1969

A10. General Safety Considerations

A10.1 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 Annex Clause AS. Safety and health information is available
from other sources, including, but not limited to, Safety and Health Fact Sheets listed in A10.3, ANSI Z49.1, and
applicable federal and state regulations.

A10.2 Safety and Health Fact Sheets. The Safety and Health Fact Sheets listed below are published by the American
Welding Society (AWS). They may be downloaded and printed directly from the AWS website at https://www.aws.org.
The Safety and Healtli Fact Sheets are revised and additional sheets added periodically.

A10.3 AWS Safety’and Health Fact Sheets Index (SHF)
No. Titlé
1 Fumes and Gases
Radiation
Noise
Chromium and Nickel in Welding Fume
Electrical Hazards
Fire and Explosion Prevention

Burn Protection

0|l O »n b~ W

Mechanical Hazards
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9  Tripping and Falling

10 Falling Objects

11 Confined Spaces

12 Contact Lens Wear

13 Ergonomics in the Welding Environment

14 Graphic Symbols for Precautionary Labels

15 Style Guidelines for Safety and Health Documents

16 Pacemakers and Welding

17 Electric and Magnetic Fields (EMF)

18 Lockout/Tagout

19 Laser Welding and Cutting Safety

20 Thermal Spraying Safety

21 Resistance Spot Welding

22 Cadmium Exposure from Welding & Allied Processes

23 California Proposition 65

24 Fluxes for Arc Welding and Brazing: Safe Handling and Use
25 Metal Fume Fever

26 Arc Viewing Distance

27 Thoriated Tungsten Electrodes

28 Oxyfuel Safety: Check Valvessand'Flashback Arrestors

29  Grounding of Portable aridVehicle Mounted Welding Generators
30 Cylinders: Safe Storage,” Handling, and Use

31 Eye and Face Prdtection for Welding and Cutting Operations
33 Personal Protective Equipment (PPE) for Welding and Cutting
34 Coated Steels: Welding and Cutting Safety Concerns

35 Welding Safety in Education and Schools

36:\entilation for Welding and Cutting

37 Selecting Gloves for Welding and Cutting

38 Respiratory Protection Basics for Welding Operations

40 Asbestos Hazards Encountered in the Welding and Cutting Environment

41 Combustible Dust Hazards in the Welding and Cutting Environment
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Annex-B-(Informative)
Requesting an Official Interpretation on
an AWS Standard

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

B1. Introduction

The following procedures are here to assist standards users in submitting successful requests for officialinterpretations
to AWS standards. Requests from the general public submitted to AWS staff or committee members_that do not follow
these rules may be returned to the sender unanswered. AWS reserves the right to decline answering*specific requests; if
AWS declines a request, AWS will provide the reason to the individual why the request was de¢lined.

B2. Limitations

The activities of AWS technical committees regarding interpretations are limited)strictly to the interpretation of provi-
sions of standards prepared by the committees. Neither AWS staff nor the comniittees are in a position to offer interpre-
tive or consulting services on (1) specific engineering problems, (2) requirements of standards applied to fabrications
outside the scope of the document, or (3) points not specifically covered by the standard. In such cases, the inquirer
should seek assistance from a competent engineer experienced in the'particular field of interest.

B3. General Procedure for all Requests

B3.1 Submission. All requests shall be sent to the Managing Director, Standards Development. For efficient handling,
it is preferred that all requests should be submitted. electronically through standards@aws.org. Alternatively, requests
may be mailed to:

Managing Director
Standards Development
American Welding Society
8669 NW 36 St, # 130
Miami, FL 33166

B3.2 Contact Information; All inquiries shall contain the name, address, email, phone number, and employer of the
inquirer.

B3.3 Scope. Eaclrinquiry shall address one single provision of the standard unless the issue in question involves two or
more interrelated provisions. The provision(s) shall be identified in the scope of the request along with the edition of the
standard (e.g:,\D1.1:20006) that contains the provision(s) the inquirer is addressing.

B3.4 Question(s). All requests shall be stated in the form of a question that can be answered “yes” or “no”. The request
shall'be concise, yet complete enough to enable the committee to understand the point of the issue in question. When the
point is not clearly defined, the request will be returned for clarification. Sketches should be used whenever appropriate,
and all paragraphs, figures, and tables (or annexes) that bear on the issue in question shall be cited.
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B3.5 Proposed Answer(s). The inquirer shall provide proposed answer(s) to their own question(s).

B3.6 Background. Additional information on the topic may be provided but is not necessary. The question(s) and
proposed answer(s) above shall stand on their own without the need for additional background information.

B4. AWS Policy on Interpretations

The American Welding Society (AWS) Board of Directors has adopted a policy whereby all official interpretations of
AWS standards are handled in a formal manner. Under this policy, all official interpretations are approved by the techni-
cal committee that is responsible for the standard. Communication concerning an official interpretation is directed through
the AWS staff member who works with that technical committee. The policy requires that all requests for anfofficial
interpretation be submitted in writing. Such requests will be handled as expeditiously as possible, but due to-the proce-
dures that must be followed, some requests for an official interpretation may take considerable time to camplete.

BS5. AWS Response to Requests

Upon approval by the committee, the interpretation is an official interpretation of the Sociefy;and AWS shall transmit the
response to the inquirer, publish it in the Welding Journal, and post it on the AWS website.

B6. Telephone Inquiries

Telephone inquiries to AWS Headquarters concerning AWS standards shetfld be limited to questions of a general nature
or to matters directly related to the use of the standard. The AWS Boagrd Policy Manual requires that all AWS staff mem-
bers respond to a telephone request for an official interpretation of any’AWS standard with the information that such an
interpretation can be obtained only through a written request. (Headquarters staff cannot provide consulting services.
However, the staff can refer a caller to any of those consultants;whose names are on file at AWS Headquarters.
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ALUMINUM-ALLOY ELECTRODES FOR SHIELDED
METAL ARC WELDING

&

®

SFA-5.3/SFA-5.3M

s

[Identical with AWS Specification AS5.3/A5.3M:1999 (R2007). In case of dispute, the original AWS text applies.]

1.  Scope

This specification prescribes requirements for the classi-
fication of aluminum and aluminum-alloy electrodes for
shielded metal arc welding.

PART A — GENERAL REQUIREMENTS

2. Normative References

2.1 The following ANSI/AWS standards' are refer-
enced in the mandatory sections of this document:

(a) ANSI/AWS A5.01, Filler Metal Procurement
Guidelines.

(b) ANSI/AWS B4.0, Standard Methods for Mechani-
cal Testing of Welds.

2.2 The following ASTM standards” are refereneed/in
the mandatory sections of this document:

(a) ASTME 29, Standard Practice for UsingSignificant
Digits in Test Data to Determine Conformangce with Speci-
fications.

(b) ASTM E 34, Standard Methods-for Chemical Analy-
sis of Aluminum and Aluminum AllQys.

(c) ASTM B 209, Standard Specification for Aluminum
and Aluminum-Alloy Sheet.gnd”Plate.

2.3 The following ASQ standard® is referenced in the
mandatory sections of ‘this document:

(a) 1SO 544, Filler Materials for Manual Welding —
Size Requirements.

' AWS Standlards can be obtained from the American Welding Society,
550 N.W. LleJeune Road, Miami, FL 33126.

2 ASTM Standards can be obtained from the American Society for
Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA
19428-2959.

3 ISO Standards can be obtained from the American National Standards
Institute (ANSI), 11 West 42nd Street, New York, NY 10036.

3. Classification

3.1 The electrodes covered by’the A5.3/A5.3M speci-
fication are classified using, aSsysStem that is independent
of U.S. Customary Units and-the International System of
Units (SI). Classification is.according to the chemical com-
position of the core ‘wire, as specified in Table 1, and
mechanical properties of a groove weld.

3.2 Anceleetrode classified under one classification shall
not be classified under any other classification in this speci-
fication,

4.~ Acceptance

Acceptance” of the electrode shall be in accordance with
the provisions of ANSI/AWS A5.01, Filler Metal Procure-
ment Guidelines.

S. 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.’

6.  Units of Measure and Rounding-Off Procedure

6.1 This specification makes use of both U.S. Custom-
ary 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

4 See Section A3, Acceptance (in Annex) for further information con-
cerning acceptance, testing of the material shipped, and ANSI/AWS
AS5.01, Filler Metal Procurement Guidelines.

3 See Section A4, Certification (in Annex) for further information
concerning certification and the testing called for to meet this requirement.
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TABLE 2

REQUIRED TESTS

Electrode Size

AWS Classification in. mm Chemical Analysis? Tension Test? Bend Test®
> 2.4 Required Not Required Not Required?
c. 2.5 Required Not Required® Not Required?
% 3.2 Required Not Required® Not Required®
%0 4.0 Required Required® Required®
E1100, E3003, e 4.8 Required Not Required Not Required?
and E4043 5.0 Required Not Required® Not Required?
c. 6.0 Required Required’ Required’
A 6.4 Required Required’ Required’
%o 8.0 Required Not Required® Not Required?
% 9.5 Required Not Required® Not Requiredd
NOTES:
a. Chemical analysis of the core wire or the stock from which it is made.
b. See Section 11.

See Section 12.

e 0

If the product is not produced in the sizes listed for required tensile tests and bend\tests, then the size

closest but not greater than the size specified to be tested, shall be subject to the required tests.
e. Electrodes %4, in. (4.0 mm) and smaller shall be classified on the basis of the Yesults obtained with the
%, in. (4.0 mm) size of the same classification.
f.  Electrodes %4, in. (4.8 mm) and larger shall be classified on the basis‘of jthe results obtained with the

Y, in. (6.4 mm) size of the same classification.

combining in any way. The specification with the designa-
tion A5.3 uses U.S. Customary Units. The specification
AS5.3M uses SI Units. The latter are shown in appropriate
columns in tables or within brackets [ ] when used in
the text.

6.2 For the purpose of determining conformance/\with
this specification, an observed or calculated value shall be
rounded to the nearest 1000 psi [10 MPa] for tensile
strength, and to the “nearest unit” in the last right-hand
place of figures used in expressing the lifniting value for
other quantities in accordance with.the rounding-off
method givenin ASTM E 29, Practicefor Using Significant
Digits in Test Data to Determine Conformance with Speci-
fications.

PART B — TESTS, PROCEDURES, AND
REQUIREMENTS
7.  Summary-of Tests

The testsrequired for each classification are specified
in Table 2. The purpose of these tests is to determine the
chemigal/composition of the core wire and the mechanical
properties of the weldment. The base metal for the weld
test assemblies, the welding and testing procedures to be
employed, and the results required are given in Sections
9 through 12.

8.  Retest
8.1 If the results of any test fail to meet the requirement,

shall ihiget the requirement. Specimens or samples for retest
ma¥be taken from the original test assembly or sample,
orfrom a new test assembly or sample. For chemical
analysis, retest need be only for those specific elements
that failed to meet the test requirement.

8.2 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.

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

9. Weld Test Assembly

9.1 One weld test assembly is required as specified in
Table 2. It is the groove weld in Fig. 1 for mechanical
properties.

9.2 Preparation of the weld test assembly shall be as
prescribed in 9.3, Fig. 1, and Table 2 [Notes (5) and (6)]
using base metal of the appropriate type specified in

that test shall be repeated twice. The results of both tests
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FIG.1 GROOVE WELD TEST ASSEMBLY FOR MECHANICAL PROPERTIES

c Discard ! \(l/
T | g &
n
B Tension specimen * DIMENSIONS \Q
l 5 in. mm _ N
X -~ ; A 15 :&QOQ
A Root-bend specimen - B 2 @é
5 Y ' - 2 C, min 1. 45
) o L, min G) 300
? Face-bend specimen |, 2 R radiusQ 1/4 6.5
Y , .
<~ § S Q) 1/4 65
T _ _ ) % T& 3/8 9.5
B Tension specimen 3 Cb 3/16 5
l Ve \ YW, min 10 250
T C) Z, min 1 25
i: Discard C)\\’
. Warping 5° ma Q
See Detalle ! /’&@’ l
[ AN ]
- ? T_
‘ | Wiz ‘ T
| W - |
0<< PN
1% v
O L
GENERAL NOTES: Q:\ l R
1. Root opening = 1/16 in. (1.6 mm)& T
2. Backing material shall be the sa lloy S
as the base metal. It may be@ﬂgd or extruded. T
3. Test material blanks shallg\ moved from the locations shown. ‘ < z R
xO Detail A

N
S
O® ’ TABLE 3

C) BASE METAL FOR TEST ASSEMBLIES

C) . Electrode Base Metal
O AWS Aluminum ASTM UNS
Q Classification Alloy? Specification Designation
@ E1100 1100 B209 A91100
O E3003, E4043 3003° B209 A93003
@s NOTES:
@ a.  Aluminum Association, Inc. registration numbers.
% b.  When welding 3003 with E4043 electrodes, 3003-0 (annealed temper) plate is preferred.

X~
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12. Bend Test

TENSION TEST REQUIREMENTS

AWS Tensile Strength,
Classification Min.@
psi MPa
E1100 12 000 80
E3003 14 000 95
E4043 14 000 95

NOTE:
a. Fracture may occur in either the base metal or the weld metal.

Sections 11, Tension Test, and 12, Bend Test. The assem-
bly shall be tested in the as-welded condition.

9.3 The test assembly shall be preheated to a tempera-
ture between 350°F and 400°F [175°C and 200°C], and
shielded metal arc (SMA) welded from one side, in the
flat position. The test assembly should be precambered or
restrained so that warping due to welding will not cause
the finished test assembly to be out-of-plane by more than
5 degrees. If the completed test assembly is more than
5 degrees out-of-plane it shall be straightened at room
temperature.

10.

10.1 A sample of the core wire, or the stock from which
it is made, shall be prepared for chemical analysis.

Chemical Analysis

10.2 The sample shall be analyzed by accepted analyti-
cal methods. The referee method shall be ASTMLE 34,
Standard Methods for Chemical Analysis of Aluminum and
Aluminum Alloys.

10.3 The results of the analysis shall meet the require-
ments of Table 1 for the classificationtof electrode under
test.

11.

11.1 Two transverse-reetangular tension test specimens
shall be machined fromthe groove weld described in Sec-
tion 9, Weld Test Assembly, and shown in Fig. 1. The
dimensions of(the*specimens shall be as specified in the
tension test se¢tion of AWS B4.0, Standard Methods for
Mechaniéaly Testing of Welds. All dimensions shall be the
same-asshown in the AWS B4.0 figure for transverse
rectangular tension test specimens (plate) except the
feduced section radius shall be 2 in. [SO mm].

Tension Test

11.2 The specimens shall be tested in the manner
described in the tension test section of ANSI/AWS B4.0,
Standard Methods for Mechanical Testing of Welds.

11.3 The results of the tension test shall meet the

12.1 One transverse face and one transverse root bend
specimen, as required in Table 2, shall be machined from
the groove weld test assembly described in Section 9 and
shown in Fig. 1. The dimensions of these bend specimens
shall be the same as those shown in the bend test section
of AWS B4.0 in the figure for transverse face and transverse
root-bend specimens (plate).

12.2 The specimens shall be tested in the manner
described in the guided bend test section of ANSHAWS
B4.0 by bending them uniformly through 180 degi¢es over
a 1-%, in. [32 mm] radius in any suitable jig. Typical bend
test jigs as shown in bend test section of \AWS B4.0 shall
be used. Positioning of the face-bend specimen shall be
such that the face of the weld is in tension. Positioning of
the root-bend specimen shall besuch that the root of the
weld is in tension. For both types of transverse bend speci-
men, the weld shall be at thecenter of the bend.

12.3 Each specimleny after bending, shall conform to
the 1- in. [32 mm{¥adius, with an appropriate allowance
for spring backj and the weld metal shall show no crack
or other open defect exceeding % in. [3.2 mm] measured
in any diféetion on the convex surface, when examined
with the unaided eye. Cracks that occur on the corners of
a specimen during testing and which show no evidence of
inclusions or other fusion-type discontinuities, shall be
disregarded.

PART C — MANUFACTURE, IDENTIFICATION,
AND PACKAGING

13. Method of Manufacture

The electrodes classified according to this specification
may be manufactured by any method that will produce
electrodes that meet the requirements of this specification.

14. Standard Sizes and Lengths

14.1 Standard sizes (diameter of the core wire) and
lengths of electrodes are shown in Table 5. Other sizes
and lengths meet the requirements of this specification
when agreed by the purchaser and supplier.

14.2 The diameter of the core wire shall not vary more
than £0.002 in. [+0.05 mm] from the diameter specified.
The length shall not vary more than +Y in. [+6 mm] from
that specified.

15.

15.1 The core wire and covering shall be free of defects
that would interfere with uniform deposition of the elec-

Core Wire and Covering

requirements specified in Table 4.
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TABLE 5

STANDARD SIZES

Diameter of Core Wire

Standard Lengths

AWS Classification in. mm in. mm
%, (0.094) 2.4%
(0.098) 2.5
% (0.125) 3.2
%, (0.156) 4.0 14 350
E1100, E3003, %46 (0.188) 4.8%
and E4043 (0.197) 5.0
(0.236) 6.0
Y (0.250) 6.4°
%6 (0.312) 8.0 18 450
% (0.375) 9.5°
NOTE:

a. These sizes are not included in 1SO 544.

15.2 The core wire and the covering shall be concentric
to the extent that the maximum core-plus-one-covering
dimension shall not exceed the minimum core-plus-one-
covering dimension by more than the following:

(a) Seven percent of the mean dimension in sizes 3, in.
[2.4 and 2.5 mm]

(b) Five percent of the mean dimension in sizes % and
%, in. [3.2 and 4.0 mm]

(c) Four percent of the mean dimension in sizes Y6 in.
[4.8 mm] and larger

Concentricity may be measured by any suitable meds.

15.3 The coverings shall be such that they_ are not
readily damaged by ordinary handling and the<coverings
shall not blister when heated to 400°F [200°CY: They shall
be consumed uniformly during welding, and they also shall
not blister or melt back from the core wire: The flux residue
they produce shall be readily remoyable.

16.

16.1 The grip end ofieach electrode shall be bare (free
of covering) for a distance of not less than % in. [12 mm],
nor more than 144)in. [30 mm] for electrodes ¥, in.
[4.0 mm] andtsmaller, and not less than 3/4 in. [19 mm]
nor more than’ 1-'% in. [38 mm] for electrodes ¥ in.
[4.8 mm([ and larger, to provide for electrical contact with
the electrode holder.

Exposed Core

16.2 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/g 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 no more than the lesser

meet the requirements»ef this specification, provided no
chip uncovers more ‘than 50% of the circumference of
the core.

17.
Allelectrodes shall be identified as follows:

Eléetrode Identification

17.1 At least one imprint of the electrode classification
shall be applied to the electrode covering within 2-' in.
[65 mm] of the grip end of the electrode.

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

17.3 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.

17.4 The prefix letter E in the electrode classification
may be omitted from the imprint.

17.5 In lieu of imprinting, electrodes may be identified
by the following:

(a) Attaching to the bare grip end of each electrode a
pressure sensitive tape bearing the classification number

(b) Embossing the classification number on the bare
grip end of each electrode. In this case, a slight flattening of
the grip end will be permitted in the area of the embossing.

18. Packaging

18.1 Electrodes shall be suitably packaged to protect
them from damage during shipment and storage under
normal conditions.

18.2 Standard package net weights shall be 1 1b [0.5 kg],
5 1b [2.5 kg], and 10 Ib [5 kg]. Other package weights
meet the requirements of this specification when agreed

of Y, in. [6 mm] or twice the diameter of the core wire,
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ELECTRIC SHOCK can KILL.

19.1 The following product information (as a mini-
mum) shall be legibly marked on the outside of each unit
package:

(a) AWS specification and classification designations
(year of issue may be excluded)

(b) Supplier’s name and trade designation

(c) Size and net weight

(d) Lot, control, or heat number

19.2 The following precautionary information (as a
minimum) shall be prominently displayed in legible print
on all packages of electrodes, including individual unit
packages enclosed within a larger package.

WARNING:

PROTECT yourself and others. Read and understand
this information.

FUMES AND GASES can be hazardous to your health.
ARC RAYS can injure eyes and burn skin.

* Before use, read and understand the manufacturer’s
instructions, Material Safety Data Sheets (MSDSs), and
your employer’s safety practices.

* Keep your head out of the fumes.

* Use enough ventilation, exhaust at the arc, or both, te,
keep fumes and gases away from your breathing zonée
and the general area.

* Wear correct eye, ear, and body protection.

* Do not touch live electrical parts.

* See American National Standard ANSI Z49.1, Safety in
Welding, Cutting, and Allied Processésypublished by the
American Welding Society, 550/IN:W. LeJeune Road,
Miami, FL 33126; and OSHA!Saféty and Health Stan-
dards, available from the Superintendent of Documents,
U.S. Government Printing Office, Washington, DC
20402. Phone: (202) 512-1800.

DO NOT REMOYE THIS INFORMATION
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Annev

Guide to AWS Specification for Aluminum and
Aluminum-Alloy Electrodes for Shielded Metal Arc Welding

[This Annex is not a part of AWS A5.3/A5.3M:1999 (R2007), Specification for Aluminum and Aluminum-Alloy Electrodes for Shielded Metal Aré,
Welding, but is included for information purposes only.]

Al. Introduction

The purpose of this guide is to correlate the electrode
classifications with their intended applications so the speci-
fication can be used effectively. Reference to appropriate
base metal specifications is made whenever that can be
done and when it would be helpful. Such references are
intended only as examples rather than complete listings of
the materials for which each filler metal is suitable.

A2. Classification System

A2.1 The system for identifying the electrode classifi-
cations in this specification follows the standard pattern
used in other AWS filler metal specifications. The letter E
at the beginning of each classification designation stands
for electrode. The numerical portion of the designation in
this specification conforms to the Aluminum Association
registration for the composition of the core wire used in
the electrode.

A2.2 An international system for designating welding
filler metals is under development by the\International
Institute of Welding (ITW) for use in future specifications
to be issued by the International Standards Organization
(ISO). Table A1 shows the proposed designations for alu-
minum filler metals. In that systém the initial “E” desig-
nates a covered electrode, theletter “A” the alloy system,
followed by a four-digit niumber. For wrought aluminum
alloys, the four-digit ngmber is the same as that commonly
recognized worldwide:

A3. Acceptance

Acceptance of all welding materials classified under this
specification is in accordance with ANSI/AWS A5.01, Fil-
let~Metal Procurement Guidelines, as the specification
stdtes. Any testing a purchaser requires of the supplier,
for material shipped in accordance with this Specification,
shall be clearly stated in the purchase order, according to
the provisions of ANSI/AWS A5.01. In the absence of any

such statement in the purchase order, the supplier may ship
the material with whatever testing normally is performed
on material of that classification, as specified in Schedule
F, Table 1, of ANSI/AWS AS5.01/ Testing in accordance
with any other Schedule in that*Table shall be specifically
required by the purchase otder. In such cases, acceptance
of the material shippedsshall be in accordance with those
requirements.

A4. Certification

The act of placing the AWS specification and classifica-
tion designations on the packaging enclosing the product,
orsthévClassification on the product itself, constitutes the
supplier’s (manufacturer’s) certification that the product
meets all of the requirements of the specification.

The only testing requirement implicit in this certification
is that the manufacturer has actually conducted the tests
required by the specification on material that is representa-
tive of that being shipped and that material met the require-
ments of the specification. Representative material, in this
case, is any production run of that classification using the
same formulation. “Certification” is not to be construed to
mean that tests of any kind were necessarily conducted on
samples of the specific material shipped. Tests on such
material may or may not have been conducted. The basis
for the certification required by the specification is the
classification test of “representative material” cited above,
and the “Manufacturer’s Quality Assurance Program” in
ANSI/AWS A5.01.

AS5. Ventilation During Welding

AS.1 Five major factors govern the quantity of fumes
in the atmosphere to which welders and welding operators
are exposed during welding:

(a) Dimensions of the space in which welding is done
(with special regard to the height of the ceiling)

(b) Number of welders and welding operators working
in that space
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TABLE Al

DESIGNATION REFERENCE GUIDE

AWS Composition

Proposed 1SO AWS Classification

Designation? UNS Number Designation” Number®

1100 A91100 EA1100 E1100

3003 A93003 EA3003 E3003

4043 A94043 EA4043 E4043
NOTES:

a.
Association designation number.
b.

AWS chemical composition designation is that of the core wire and is the same as the Aluminum

The proposed IS0 designation number (ITW doc. XII-1232-91) contains the last four digits of the UNS

number for wrought alloys, preceded by “EA,” “E” to signify a covered electrode and “A” to signify

an aluminum base alloy.

The AWS classification number is the AWS chemical composition designation preceded by an “E“.tg

signify an electrode which carries the electrical current.

(c) Rate of evolution of fumes, gases, or dust, according
to the materials and processes used

(d) The proximity of the welders or welding operators
to the fumes as the fumes issue from the welding zone,
and to the gases and dusts in the space in which they are
working

(e) The ventilation provided to the space in which the
welding is done.

AS5.2 American National Standard ANSI Z49.1, Safety
in Welding, Cutting, and Allied Processes (published by
the American Welding Society), discusses the ventilation
that is required during welding and should be referred to
for details. Attention is drawn particularly to the Sectipn
of that document on Health Protection and Ventilation.

A6.

A6.1 Welding aluminum by the shielded metal arc
process is a well established practice;-However, develop-
ment of the gas shielded arc welding processes and the
many advantages these processes offer has caused a shift
away from the use of covergd €lectrodes. When shielded
metal arc welding, a flux-covered electrode is held in the
standard electrode holder; and welding is done with direct
current, electrode positive (DCEP). Important factors to
be considered when welding aluminum with covered elec-
trodes are moisture content of the electrode covering, and
cleanliness of the electrode and base metal. Preheat is
usually( required to obtain good fusion and to improve
sougidness of the weld. Residual flux removal between
passes is required to provide improved arc stability and
weld fusion. Complete removal of the residual flux after
welding is necessary to avoid corrosive attack in service.

Welding Considerations

A6.2 The presence of moisture in the electrode covering
is a major cause of weld porosity. Dirt, grease, or other

ity. The absorption of moisture by the covering can be

104

quite rapid, and the covering.can deteriorate after only a
few hours exposure to a huimd atmosphere. For this reason,
the electrodes should-be ‘stored in a dry, clean location.
Electrodes taken from previously opened packages or those
exposed to moisture' should be “conditioned” by holding
them at 350°-£0,400°F [175° to 200°C] for an hour before
welding. After conditioning, they should be stored in a
heated cabinet at 150° to 200°F [65° to 95°C] until used.

A6.3 The minimum base metal thickness recommended
for-hielded metal arc welding of aluminum is ' in.
[3.2 mm]. For thicknesses less than 1/4 in. [6.4 mm], no
edge preparation other than a relatively smooth, square cut
is required. Material over l/4 in. [6.4 mm] should be beveled
to a single-V-groove with a 60 to 90-degree included angle.
On very thick material, U-grooves may be used. Depending
upon base metal gauge, root-face thicknesses range
between Y, and ', in. [1.6 and 6.4 mm]. A root opening
of %, to Y in. [0.8 to 1.6 mm)] is desirable for all groove
welds.

A6.4 Because of the high thermal conductivity of alu-
minum, preheating to 250° to 400°F [120° to 200°C] is
nearly always necessary on thick material to maintain the
weld pool and obtain proper fusion. Preheating will also
help to avoid porosity due to too rapid cooling of the weld
pool at the start of the weld. On complex assemblies,
preheating is useful in avoiding distortion. Preheating may
be done by torch using oxygen and acetylene or other
suitable fuel gas, or by electrical resistance heating.
Mechanical properties of 6XXX series aluminum-alloy
weldments can be reduced significantly if the higher pre-
heating temperatures, 350°F [175°C] or higher, are applied.

A6.5 Single-pass SMA welds should be made when-
ever possible. However, where thicker plates require multi-
ple passes, thorough cleaning between passes is essential

contamination of the electrode can also contribute to poros- for optimum results. After the completion of any welding,

the weld and work should be thoroughly cleaned of residual
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A9. Chemical Analysis

by mechanical means, such as a rotary wire brush, slag
hammer, or peening hammer, and the rest by steaming or
a hot-water rinse. The test for complete removal of residual
flux is to swab a solution of five-percent silver nitrate
on the weld areas. Foaming will occur if residual flux is
present.

A6.6 Interruption of the arc when shielded metal arc
welding aluminum can cause the formation of a fused flux
coating over the end of the electrode. Reestablishing a
satisfactory arc is impossible unless this formation is
removed.

A7. Description and Intended Use of Electrodes

7.1 Electrodes of the E1100 classification produce weld
metal of high ductility, good electrical conductivity, and
a minimum tensile strength of 12 000 psi (80 MPa). E1100
electrodes are used to weld 1100, 1350(EC), and other
commercially pure aluminum alloys.

A7.2 Electrodes of the E3003 classification produce
weld metal of high ductility and a minimum tensile strength
of 14 000 psi [95 MPa]. E3003 electrodes are used to weld
aluminum alloys 1100 and 3003.

A7.3 The E4043 classification contains approximately
five-percent silicon, which provides superior fluidity at
welding temperatures, and for this reason is preferred for
general purpose welding. The E4043 classification pro-
duces weld metal with fair ductility and a minimum,tensile
strength of 14 000 psi [95 MPa]. E4043 electrgdes’can be
used to weld the 6XXX series aluminum alloys, the 5XXX
series aluminum alloys (up to 2.5-percent-Mg content),
and aluminum-silicon casting alloys, as‘well as aluminum
base metals 1100, 1350(EC), and 3003.

A7.4 For many aluminum(@pplications, corrosion
resistance of the weld is of prime importance. In such
cases, it is advantageous*to’ choose an electrode with a
composition as close aspractical to that of the base metal.
For this use, coveged electrodes for base metals other than
1100 and 3003 usually are not stocked and must be spe-
cially ordered..For applications where corrosion resistance
is important, it may be advantageous to use one of the gas
shielded‘arc welding processes for which a wider range of
filler\metal compositions is available.

A8. Special Tests

Itis recognized that supplementary tests may be required
for certain applications. In such cases, tests to determine
specific properties such as corrosion resistance, electrical
conductivity, mechanical properties at elevated or cryo-
genic temperatures, and suitability for welding different

The accepted and most widely used method for chemical
analysis is found in ASTM E 227, Optical Emission Spec-
trometric Analysis of Aluminum and Aluminum Alloy by
the Point-to-Plane Technique. This method analyzes a bulk
sample and all elements simultaneously. The ASTM E
34, Test Method for Chemical Analysis of Aluminum and
Aluminum Alloy, prescribes individual test methods, for
which each element is tested. The ASTM E 34 test methods
are used as a referee method if a dispute arises;eorcerning
a specific element analysis.

A10. General Safety Considerations

A10.1 Burn Protection. Moltenymetal, sparks, slag, and
hot work surfaces are produced’by welding, cutting, and
allied processes. These can{eause burns if precautionary
measures are not used,-W-arkers should wear protective
clothing made of fire-tesistant material. Pant cuffs, open
pockets, or other_places on clothing that can catch and
retain molten metal.or sparks should not be worn. High-top
shoes or leatherleggings and fire-resistant gloves should be
worn. Pant legs should be worn over the outside of high-
top shaes. Helmets or hand shields that provide protection
for the face, neck, and ears, and a head covering to protect
thelhead should be used. In addition, appropriate eye pro-
tection should be used.

When welding overhead or in confined spaces, ear plugs
to prevent weld spatter from entering the ear canal should
be worn. Goggles or equivalent should also be worn to
protect eyes. Clothing should be kept free of grease and
oil. Combustible materials should not be carried in pockets.
If any combustible substance has been spilled on clothing,
a change to clean, fire-resistant clothing should be made
before working with open arcs or flame. Aprons, cape-
sleeves, leggings, and shoulder covers with bibs designed
for welding service should be used.

Where welding or cutting of unusually thick base metal
is involved, sheet metal shields should be used for extra
protection. Mechanization of highly hazardous processes
or jobs should be considered. Other personnel in the work
area should be protected by the use of noncombustible
screens or by the use of appropriate protection as described
in the previous paragraph. Before leaving a work area, hot
work pieces should be marked to alert other persons of this
hazard. No attempt should be made to repair or disconnect
electrical equipment when it is under load. Disconnection
under load produces arcing of the contacts and may cause
burns or shock, or both. (Note: Burns can be caused by
touching hot equipment such as electrode holders, tips,
and nozzles. Therefore, insulated gloves should be worn
when these items are handled, unless an adequate cooling
period has been allowed before touching.)

The following sources are for more detailed information

combinations of aluminum base alloys may be required.

105

on personal protection:


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

SFA-5.3/SFA-5.3M

(a) ANSI 749.1, Safety in Welding, Cutting, and Allied

ASME BPVC.IL.C-2023

until a physician has arrived. Electrical burns are treated

Processes, published by the American Welding Society,
550 N.W. LeJeune Road, Miami, FL 33126.

(b) Code of Federal Regulations, Title 29 Labor, Chap-
ter XVII, Part 1910, OSHA General Industry Standards
available from the U.S. Government Printing Office, Wash-
ington, DC 20402.

(c) ANSI/ASC Z87.1, Practice for Occupational and
Educational Eye and Face Protection, American National
Standards Institute, 11 West 42nd Street, New York, NY
10036-8002.

(d) ANSI Z41, American National Standard for Per-
sonal Protection — Protective Footwear, American
National Standards Institute, 11 West 42nd Street, New
York, NY 10036-8002.

A10.2 Electrical Hazards. Electric shock can kill.
However, it can be avoided. Live electrical parts should
not be touched. The manufacturer’s instructions and recom-
mended safe practices should be read and understood.
Faulty installation, improper grounding, and incorrect oper-
ation and maintenance of electrical equipment are all
sources of danger.

All electrical equipment and the workpieces should be
grounded. The workpiece lead is not a ground lead. It
is used only to complete the welding circuit. A separate
connection is required to ground the workpiece. The work-
piece should not be mistaken for a ground connection.

The correct cable size should be used, since sustained
overloading will cause cable failure and result in possible
electrical shock or fire hazard. All electrical connections
should be tight, clean, and dry. Poor connections canh{over-
heat and even melt. Further, they can produce dangerous
arcs and sparks. Water, grease, or dirt should notbe allowed
to accumulate on plugs, sockets, or electrical units. Mois-
ture can conduct electricity. To prevent shock, the work
area, equipment, and clothing should be kept dry at all
times. Welders should wear dry gloves and rubber soled
shoes, or stand on a dry board ot insulated platform. Cables
and connections should-be kept in good condition.
Improper or worn electrical connections may create condi-
tions that could cause “€lectrical shock or short circuits.
Worn, damaged, @ bare cables should not be used. Open-
circuit voltage(should be avoided. When several welders
are working'\with arcs of different polarities, or when a
number.of alternating-current machines are being used, the
open-eireuit voltages can be additive. The added voltages
increase the severity of the shock hazard.

In case of electric shock, the power should be turned
off. If the rescuer must resort to pulling the victim from
the live contact, nonconducting materials should be used. If
the victim is not breathing, cardiopulmonary resuscitation
(CPR) should be administered as soon as contact with the
electrical source is broken. A physician should be called

as thermal burns; that is, clean, cold (iced) compresses
should be applied. Contamination should be avoided; the
area should be covered with a clean, dry dressing; and the
patient should be transported to medical assistance.

Recognized safety standards such as ANSI Z49.1, Safety
in Welding, Cutting, and Allied Processes; the National
Electrical Code; and NFPA No. 70, available from
National Fire Protection Association, 1 Batterymarch Park;
Quincy, MA 02269, should be followed.

A10.3 Fumes and Gases. Many welding, cuttidg, and
allied processes produce fumes and gases which may be
harmful to health. Fumes are solid particles\which originate
from welding filler metals and fluxes/the*base metal, and
any coatings present on the base metal; Gases are produced
during the welding process or,fnay be produced by the
effects of process radiation, on-the surrounding environ-
ment. Management, persopnéland welders alike should be
aware of the effects of these fumes and gases. The amount
and composition of these fumes and gases depend upon
the composition of the filler metal and base metal, welding
process, flux, eurrent level, arc length, and other factors.
Fluxes, used for oxyfuel gas welding of aluminum alloys,
are compesed primarily of chlorides plus small fluoride
additiods: The coatings used in covered electrodes of the
types:shown in this specification A5.3/A5.3M contain both
chlorides and fluorides.

The possible effects of overexposure range from irrita-
tion of eyes, skin, and respiratory system to more severe
complications. Effects may occur immediately or at some
later time. Fumes can cause symptoms such as nausea,
headaches, dizziness, and metal fume fever. The possibility
of more serious health effects exists when especially toxic
materials are involved. In confined spaces, the fumes might
displace breathing air and cause asphyxiation. One’s head
should always be kept out of the fumes. Sufficient ventila-
tion, exhaust at the arc or flame, or both, should be used
to keep fumes and gases from your breathing zone and the
general area.

In some cases, natural air movement will provide enough
ventilation. Where ventilation may be questionable, air
sampling should be used to determine if corrective mea-
sures should be applied.

All aluminum electrodes possess a compositional control
of 0.0008 percent maximum beryllium content. This pro-
vides a check by the manufacturer that the filler metal is
essentially free of this element and thus avoids the presence
of concentrations of this highly toxic metallic particulate
during the filler metal transfer across the arc. Since the
electrode core wire is fabricated as drawn, wrought alumi-
num wire, the same beryllium control has been applied to
all filler metals covered by this ANSI/AWS A5.3/A5.3M
specification. Thus all electrodes possess a 0.0008 percent

and CPR continued until breathing has been restored, or
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More detailed information on fumes and gases produced
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curtains are not intended as welding filter plates, but rather

by the various welding processes may be found in the
following:

(a) The permissible exposure limits required by OSHA
can be found in CFR Title 29, Chapter XVII Part 1910.
The OSHA General Industry Standards are available from
the Superintendent of Documents, U.S. Government Print-
ing Office, Washington, DC 20402.

(b) The recommended threshold limit values for these
fumes and gases may be found in Threshold Limit Values
for Chemical Substances and Physical Agents in the Work-
room Environment, published by the American Conference
of Governmental Industrial Hygienists (ACGIH), 1330
Kemper Meadow Drive, Suite 600, Cincinnati, OH
45240-1643.

(c) The results of an AWS-funded study are available
in a report entitled, Fumes and Gases in the Welding Envi-
ronment, available from the American Welding Society,
550 N.W. LeJeune Road, Miami, FLL 33126.

A10.4 Radiation. Welding, cutting, and allied opera-
tions may produce radiant energy (radiation) harmful to
health. One should become acquainted with the effects of
this radiant energy.

Radiant energy may be ionizing (such as x-rays), or
nonionizing (such as ultraviolet, visible light, or infrared).
Radiation can produce a variety of effects such as skin
burns and eye damage, depending on the radiant energy’$
wavelength and intensity, if excessive exposure occurs.

A10.4.1 Ionizing Radiation. Ionizing radiation is
produced by the electron beam welding process;)Itis ordi-
narily controlled within acceptance limits byse of suitable
shielding enclosing the welding area.

A10.4.2 Nonionizing Radiation..Phe intensity and
wavelengths of nonionizing radiant energy produced
depend on many factors, such-as the process, welding
parameters, electrode and baseé, metal composition, fluxes,
and any coating or platinglon the base metal. Some pro-
cesses such as resistanse-welding and cold pressure weld-
ing ordinarily produce negligible quantities of radiant
energy. However,\most arc welding and cutting processes
(except submerged arc when used properly), laser beam
welding andytorch welding, cutting, brazing, or soldering
can produge quantities of nonionizing radiation such that
precautionary measures are necessary.

Protection from possible harmful effects caused by non-
ionizing radiant energy from welding include the following
measures:

(a) One should not look at welding arcs except through
welding filter plates which meet the requirements of ANSI/
ASC Z87.1, Practice for Occupational and Education Eye
and Face Protection, published by American National
Standards Institute, 11 West 42nd Street, New York, NY

are intended to protect passersby from incidental exposure.

(b) Exposed skin should be protected with adequate
gloves and clothing as specified in ANSI Z49.1, Safety in
Welding, Cutting, and Allied Processes, published by the
American Welding Society, 550 N.W. LeJeune Road,
Miami, FL 33126.

(c) Reflections from welding arcs should be avoided,
and all personnel should be protected from intense.reflec-
tions. (Note: Paints using pigments of substanfially zinc
oxide or titanium dioxide have a lower reflectance for
ultraviolet radiation.)

(d) Screens, curtains, or adequate, distance from aisles,
walkways, etc., should be used to aveid exposing passersby
to welding operations.

(e) Safety glasses with U¥-protective side shields have
been shown to provide seme beneficial protection from
ultraviolet radiation produced by welding arcs.

A10.4.3 Ionizing radiation information sources
include:

(a) AWS F2.1-78, Recommended Safe Practices for
Electron~Beam Welding and Cutting, available from the
American Welding Society, 550 N.W. LeJeune Road,
Miamy, FL 33126.

(b) Manufacturer’s product information literature.

A10.4.4 Nonionizing radiation information sources
include:

(a) Hinrichs, J.F., Project Committee on Radiation-
Summary Report. Welding Journal, January 1978.

(b) Nonionizing Radiation Protection Special Study No.
42-0053-77, Evaluation of the Potential Hazards from
Actinic Ultraviolet Radiation Generated by Electric Weld-
ing and Cutting Arcs, available from the National Technical
Information Service, Springfield, VA 22161, ADA-
033768.

(c) Nonionizing Radiation Protection Special Study No.
42-0312-77, Evaluation of the Potential Retina Hazards
from Optical Radiation Generated by Electric Welding
and Cutting Arcs, available from the National Technical
Information Service, Springfield, VA 22161, ADA-
043023.

(d) Moss, C. E., and Murray, W. E. “Optical Radiation
Levels Produced in Gas Welding, Torch Brazing, and Oxy-
gen Cutting.” Welding Journal, September 1979.

(e) “Optical Radiation Levels Produced by Air-Carbon
Arc Cutting Processes.” Welding Journal, March 1980.

(f) ANSI/ASC Z136.1, Safe Use of Lasers, published
by American National Standards Institute, 11 West 42nd
Street, New York, NY 10036-8002.

(g) ANSIZ49.1, Safety in Welding, Cutting, and Allied
Processes, published by the American Welding Society,

10036-8002. It should be noted that transparent welding
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(h) ANSI/ASC 787.1, Practice for Occupational and (i) Moss, C. E. “Optical Radiation Transmission Levels

Educational Eye and Face Protection, published by Ameri- through Transparent Welding Curtains.” Welding Journal,
can National Standards Institute, 11 West 42nd Street, New March 1979.
York, NY 10036-8002.
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SPECIFICATION FOR STAINLESS STEEL ELECTRODES
FOR SHIELDED METAL ARC WELDING

&g@ SFA-5.4/SFA-54M

®

(Identical with AWS Specification A5.4/A5.4M:2012 (R2022). In case of dispute, the original AWS text applies.)

(23)
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»

for Shielded Metal Arc Welding

1. Scope

1.1 This specification prescribes requirements for the classification of covered stainless steel electrodes for shielded
metal arc welding.'?

The chromium content of weld metal deposited by these electrodes is not less than 10.5 percent and the {ten’content
exceeds that of any other element. For purposes of classification, the iron content shall be derived as the balance element
when all other elements are considered to be at their minimum specified values.

NOTE: No attempt has been made to classify all grades of filler metals within the limits of the abovestope, only the more
commonly used grades have been included.

1.2 Safety and health issues and concerns are beyond the scope of this standard and, thefefore, are not fully addressed
herein. Some safety and health information can be found in Annex Sections A5 and A I\l XSafety and health information
is available from other sources, including, but not limited to ANSI Z49.1, Safety in Wélding, Cutting and Allied Processes,
and applicable state and federal 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 spe€ification with the designation A5.4 uses U.S.
Customary Units. The specification A5.4M uses SI Units. The latterdar¢ shown in 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 A5.4 or AS5.4M specifications.

2. Normative References
2.1 The following AWS standards® are referenced in the mandatory section of this document.

1. AWS A5.01M/A5.01 (ISO 14344 WIOD). Procurement Guidelines for Consumables — Welding and Allied
Processes — Flux and Gas Shielded Electrical Welding Processes

2. AWS AS.5, Specification fordow-Alloy Steel Electrodes for Shielded Metal Arc Welding
3. AWS B4.0, Standard Methods for Mechanical Testing of Welds
4. AWS B4.0M, Standard Methods for Mechanical Testing of Welds

2.2 The following ANSD standard is referenced in the mandatory section of this document:

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

! Due-to-possible differences in composition, core wire from covered electrodes should not be used as bare filler wire.

2 Classifications E502, E505, and E7Cr are no longer specified by this document. They are specified in AWS A5.5/A5.5M:2006,
designated as follows: E502 as E801X-B6 and E801X-B6L, ES05 as E801X-B8 and E801X-B8L, and E7Cr as E801X-B7 and
E801X-B7L.

3 AWS standards are published by the American Welding Society, 8669 Doral Blvd., Suite 130, Doral, FL 33166.

4 ANSI Z49.1 is published by the American Welding Society, 8669 Doral Blvd., Suite 130, Doral, FL 33166.
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2.3 The following ASTM standards’ are referenced in the mandatory section of this document.

1. ASTM A36, Specification for Structural Steel

2. ASTM A240, Specification for Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and
Strip for Pressure Vessels

3. ASTM A28S, Specification for Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile Strength

4.  ASTM AS515, Specification for Pressure Vessel Plates, Carbon Steel, for Intermediate- and Higher-Temperatuire
Service

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

6. ASTM E1032, Standard Test Method for Radiographic Examination of Weldments

7. ASTM E353, Standard Test Methods for Chemical Analysis of Stainless, Heat-Resisting;yMaraging, and Other
Similar Chromium-Nickel-Iron Alloys

2.4 The following ISO standard® is referenced in the mandatory section of this documerit.

ISO 80 000-1 Quantities and Units Part 1: General

3. Classification

3.1 The welding electrodes covered by this A5.4/A5.4M specification arg elassified using the system that is independent
of US customary units and the International System of Units (SI), and.are classified according to:

1. Chemical composition requirements for undiluted weld metal (Table 1).
2. Type of welding current and position of welding (Table.2).

3.2 Materials classified under one classification may be ¢lassified under any other classification of this specification,
provided they meet all the requirements for those classifications, except that a material may not be classified under more
than one of the following EXXX-15, EXXX-16, EXXX-17, or EXXX-26 designations. Table 3 lists a number of examples
of such dual classification.

NOTE: The test requirements of this specification establish minimum quality levels which will assure suitability of the
electrodes for the usual applications. The guide appended to this specification describes the more common applications
and suggests testing procedures forsthose applications which warrant tests that are beyond those included in this speci-
fication.

4. Acceptance

Acceptance’ of the material shall be in accordance with the provisions of AWS 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.®

5 ASTM standards are published by ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.
6 1SO standards are published by the International Organization of Standardization, 1, chemin de la voie-creuse Case Postale 56
CH-1211 Genéva 20 Switzerland.

7 See A3, Acceptance (in Annex A) for further information on acceptance, testing of material shipped and AWS A5.01M/A5.01 (ISO
14344 MQD)

8 See A4, Certification (in Annex A) for further information concerning certification and the tests called for to meet this requirement.
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Talbla-D

TAviIv &

Type of Welding Current and Position of Welding

AWS Classification® Welding Current® Welding Position®
EXXX(X)-15 deep Alld
EXXX(X)-16 dcep and ac Alld
EXXX(X)-17 dcep and ac All¢
EXXX(X)-26 dcep and ac F, H-fillet

* See Clause A8, Classification as to Usability, for explanation of positions.
b deep = direct current electrode positive (reverse polarity)
ac = alternating current
¢ The abbreviations F and H-fillet indicate welding positions as follows:
F = Flat
H-fillet = Horizontal fillet
d Electrodes 3/16 in [4.8 mm] and larger are not recommended for welding in all positions.

Table 3
Examples of Potentially Occurring Dual Classified
Electrodes and Suggested Marking

Primary Alternate Suggested
Classification Classification Electrede Marking®
E308L-XX E308-XX E308/E308L-XX
E308H-XX E308-XX E308/E308H-XX
E316L-XX E316-XX E316/E316L-XX

2 This abbreviated, suggested marking is permitted only‘onvthe electrode (the E may be omit-
ted). All packaging and packing labels and certifications must list the complete classification
designation for all classifications intended.

6. Rounding-Off Procedure

For purposes of determining compliance with thexcequirements of this standard, the actual test values obtained shall be
subjected to the rounding-off rules of ASTM E29-0r ISO 80000-1, Annex B, Rule A (the results are the same). If the meas-
ured values are obtained by equipment cglibrated 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
specified limit, rounding off shall be-dlone only after calculating the average. An observed or calculated value shall be
rounded to the nearest 1 000 psi.(INksi) for tensile strength for A5.4, or to the nearest 10 MPa for tensile strength for
A5.4M, and to the nearest unit’in the last right-hand place of figures used in expressing the limiting values for other
quantities. The rounded-off.results shall fulfill the requirements for the classification under test.

7. Summary-.of Tests

The tests required for each classification are specified in Table 4. The purpose of these tests is to determine the chemical
composition, mechanical properties and soundness of the weld metal and the usability of the electrodes. The base metal
for theg"weld test assemblies, the welding and testing procedures to be employed, and the results required are given in
Clatse 9, Weld Test Assemblies; Clause 10, Chemical Analysis; Clause 11, Radiographic Test; Clause 12, Tension Test;
and Clause 13, Fillet Weld Test.

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

N¢ 1cd CIMCn 0 NCI dlld CLC 4 d DC 1aKCT QM 1N¢C O1r1o1N4g C dMpic O QM a4 NCW SAMPIC

Retest for chemical analysis need be only for those specific elements that failed to meet the test requirement.
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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 specified 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 specified procedures. In this case, the requirement for
doubling of the number of test specimens does not apply.

9. Weld Test Assemblies

9.1 One, two, or three weld test assemblies are required depending on electrode diameter as shown in Table 4.
1. The weld pad in Figure 1 for chemical analysis of the undiluted weld metal
2. The groove weld in Figure 2 for Tension and Radiographic tests
3. The fillet weld in Figure 3 for usability of the electrode.

Optionally, the sample for chemical analysis may be taken from the reduced section ofthe fractured tension specimen or
from a corresponding location (or any location above it) in the weld metal in the groove weld in Figure 2 or from the weld
pad used for ferrite determination (Figure A.1), thereby avoiding the need to make the weld pad. In the case of dispute,
the weld pad of Figure 1 shall be the referee method.

9.2 Preparation of each weld test assembly shall be as prescribed in 9.3,9.4; and 9.5. Base metal for each assembly shall
conform to the following, or an equivalent:

9.2.1 For the chemical analysis pad, the base metal to be uséd shall be carbon steel, alloy steel, or stainless steel of
0.25 percent carbon maximum for all electrode classifications\except E308L, E308LMo, E309L, E309LMo, E316L,
E316LMn, E317L, E320LR, E383, E385, E630, E2209, E230.7, E2593, E2594, E2595, and E33-31. For chemical analysis
of these low-carbon classifications, the base metal shallbe'steel of 0.03 percent maximum carbon. Other steels having a
carbon content of 0.25 percent maximum may be used'with the further restrictions specified in 10.6.

9.2.2 For the all-weld-metal tension test andsadiographic test, the steel to be used shall be of a matching type or either
of the following:

1. For E4XX and E630 classifications==Types 410, 430A, or 430B
2. For all other classifications—<Types 304 or 304L.

Optionally, the steel may conforir to one of the following specifications or their equivalents, providing two buttering
layers of filler metal as shown.in Figure 2A, are deposited in stringer beads using electrodes of the same classification as
that being classified: ASTNDA285, ASTM A36, or ASTM A515.

9.2.3 For the fillef weld test, the steel to be used shall be of a matching type or shall conform to the following
specifications:

1. For E4XX and E630 classifications—ASTM A240, Type 410 or Type 430 A or B
2. Forall other classifications—ASTM A240, Type 304 or Type 304L.

9.3 Weld Pad. A weld pad shall be prepared as specified in Figure 1 except when one of the alternatives in 9.1 (taking
the sample from the broken tension test specimen or from a corresponding location or any location above it in the weld
metal in the groove weld in Figure 2 or from the weld pad used for ferrite determination in Figure A.1) is selected. Base
metal shall be of any convenient size, of the type specified in 9.2.1. The surface of the base metal on which the filler metal
is deposited shall be clean. The pad shall be welded in the flat position, using as short an arc length as practical and at a
current as agreed upon between consumer and manufacturer. Multiple layers shall be used to obtain undiluted weld metal.
The preheat temperature shall not be less than 60 °F [15 °C] After depositing each layer, the weld pad shall be immersed
in water (temperature unimportant) for approximately 30 seconds. The slag shall be removed after each pass. The
completed pad shall be as shown in Figure 1 for each size of the electrode. Testing of the assembly shall be as specified

m Clause 10, Chemical Analysis.
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Taolbla-A

Tavic =

Tests Required For Classification

Electrode Diameter Position of Welding®
Type of Chemical Radiographic All Weld Metal Fillet

Classification in mm Current”* Analysis Test Tension Test Weld Test
EXXX(X)-15 1/16 1.6 dcep F NR NR NR
EXXX(X)-15 5/64 2.0 deep F NR NR NR
EXXX(X)-15 3/32 2.4 dcep F NR NR NR
EXXX(X)-15 2.5 deep F NR NR NR
EXXX(X)-15 1/8 32 dcep F F F H, VyOH
EXXX(X)-15 5/32 4.0 deep F F F H,¥; OH
EXXX(X)-15 3/16 4.8 deep F F F H
EXXX(X)-15 5.0 decep F F F H
EXXX(X)-15 7/32 5.6 dcep F F F H
EXXX(X)-15 6.0 dcep F F F H
EXXX(X)-15 1/4 6.4 dcep F F F H
EXXX(X)-16, -17 1/16 1.6 ac and dcep F NR NR NR
EXXX(X)-16, -17 5/64 2.0 ac and dcep F NR NR NR
EXXX(X)-16, -17 3/32 2.4 ac and dcep F NR NR NR
EXXX(X)-16, -17 2.5 ac and dcep F NR NR NR
EXXX(X)-16, -17 1/8 3.2 ac and dcep F F F H,V, OH
EXXX(X)-16, -17 5/32 4.0 ac and dcep F E F H, V, OH
EXXX(X)-16, -17 3/16 4.8 ac and dcep F F F H
EXXX(X)-16, -17 5.0 ac and dcep F F F H
EXXX(X)-16, -17 7/32 5.6 ac and dcep F F F H
EXXX(X)-16, -17 6.0 ac and dcep F F F H
EXXX(X)-16, -17 1/4 6.4 ac and dcep F F F H
EXXX(X)-26 1/16 1.6 ac and dcep F NR NR NR
EXXX(X)-26 5/64 2.0 ac and dcep F NR NR NR
EXXX(X)-26 3/32 2.4 ac and dcep F NR NR NR
EXXX(X)-26 2.5 ac and dcep F NR NR NR
EXXX(X)-26 1/8 32 ac and dcep F F F H
EXXX(X)-26 5/32 4.0 ac and dcep F F F H
EXXX(X)-26 3/16 4.8 ac and degp F F F H
EXXX(X)-26 5.0 ac and'dcep F F F H
EXXX(X)-26 7/32 5.6 ac-and dcep F F F H
EXXX(X)-26 6.0 acand dcep F F F H
EXXX(X)-26 1/4 6.4 ac and dcep F F F H
2 The abbreviations F, H, OH, and V indicate welding positions as follows:

F =Flat

H = Horizontal

V = Vertical

OH = Overhead

The abbreviation NR indicafes that the test is not required.

b ac = alternating current:*dcep = direct current, electrode positive (reverse polarity).

¢ Where both alternatingand direct current are specified, only ac is required for classification testing.

9.4 Groove Weld for Mechanical Properties and Soundness

9.4.1 A test assembly shall be prepared and welded as specified in 9.4.1.1, 9.4.1.2, Figure 2, and the All Weld Metal
Jension Test and/or Radiographic Test columns of Table 4 using base material of the appropriate type as specified in
9.2.2. Preheat and interpass temperatures shall be as specified in Table 5. Testing of this assembly shall be as specified in

Clause 11, Radiographic Test and Clause 12, Tension Test.

9.4.1.1 The plates shall be welded in the flat position, and they shall be preset or sufficiently restrained during
welding to prevent warping more than five degrees. A test plate that has warped more than five degrees shall be discarded.

Test assemblies shall not be straightened.
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WELD METAL | NGT

— \ — L S W, WIDTH
A

»le

H, HEIGHT
BASE METAL
Weld Pad Size, minimum Minimum Distance of
Sample from Surface
Electrode Size L w H of Base Plate
in mm in mm in mm in mm in mm
1/16 1.6
5/64 2.0 1-1/2 38 1/2 13 1/2 13 3/8 10
3/32 2.4
— 2.5
1/8 3.2
5/32 4.0 2 50 1/2 13 5/8 16 1/2 13
3/16 4.8
— 5.0
7/32 5.6
— 6.0 2-1/2 64 12 13 3/4 19 5/8 16
1/4 6.4

Figure 1—Pad for-Chemical Analysis of Undiluted Weld Metal

9.4.1.2 The test assembly shall be within the temperature ranges specified in Table 5 before starting each pass,
including depositing of any buttering layer, as measured on the assembly at a distance of 1 in [25 mm] from the weld at
the midlength of the test plate.

If, after any pass, the maximum temperature specified is exceeded, plates shall be allowed to cool in air (do not cool in
water) to a temperature within the range shown.

The assembly shall be tested in the as-welded or postweld heat-treated condition as specified in Table 6.
9.5.'Fillet Weld

9.5.1 A test assembly shall be prepared and welded as shown in Figure 3, using base metal of the appropriate type
specified in 9.2.3. The welding position and conditions shall be as specified in the fillet weld column of Table 4 for the
different electrode sizes and classifications. Testing of the assembly shall be as specified in Clause 13, Fillet Weld Test.

9.5.2 In preparing the two plates forming the test assembly, the standing member (web) shall have one edge prepared
throughout its entire length so that when the web is set upon the base plate (flange), which shall be straight and flat, there
will be intimate contact along the entire length of the joint.
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BUTTERING
TAYERS ——~_ 1
¢ OF
TENSILE —¢
SPECIMEN
l v
c BUTTERING
LAYERS
J 1 T 4>‘ B }4— AFTER BUTTERING
R R
(FOR CARBON STEEL TEST PLATES)
A
BUTTERING
LAYERS BUTTERING
LAYERS
¢ OF
v TENSILE - — ¢
SPECIMEN F I
5° MAX l
AFTER WELDING

C | | = T/2
5o
l \\\/?7 T 4>‘ }4— AFTER BUTTERING

Tlf i

(FOR CARBON STEEL TEST PLATES)
o
<+——7D B D
E
¢©F
TENSILE — — ¢
SPECIMEN ? ?
i A4
C
: || -
N
(FOR TEST PLATES OF MATCHING COMPOSITION
OR AS PERMITTED BY 9.2.2)
SECTION R-R
Dimensions of Test Assembly
Electrode Diameter T A, min.p B® C, min. D, min. E, min.
in 1/8 1/2 3-1/2 1/4 3/16 3-1/2 1
mm 3.2 12 90 6.5 5 90 25
in 5/32 to 1/4 3/4 5-1/2 1/2 1/4 3-1/2 1
incl.
mm 4.0t0 6.4 incl. 20 140 12 6.5 90 25

@ For the radiographic test either 1/2 in [12 mm] or 3/4 in [20 mm] plate thickness may be used.
9 Minimum length must be 8 in [200 mm], if being used for radiographic test.
¢ Tolerance shall be +1/8 in [3 mm], —0.

Figure 2—Groove Weld Assembly for Tension and Radiographic Tests for
Electrodes 1/8 in [3.2 mm] Diameter and Larger
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AXIS OF WELD VERTICAL AXIS OE\WELD LIORIZAONTAL

AXIS OF WELD HORIZONTAL

(a) HORIZONTAL FILLET WELDS (b) VERTICAL FILLET WELDS (c) OVERHEAD RIDLET WELDS

(A) POSITIONS OF TEST PLATES FOR WELDING FILLET-WELD TEST SPECIMENS

’JA in [25 mm] APPROX.

CUT HERE

END OF DEPOSIT
WITH FIRST ELECTRODE

10 in [250 mm] MIN.
START

2in [50 mm]
MIN.

(B)\PREPARATION OF FILLET-WELD TEST ASSEMBLY

Electrode Diameter Plate Thickness, T Maximum Fillet Size
in mm in mm Position of Welding in mm
1/8 3.2 1/4 6 \Y 1/4 6.5

H and OH 3/16 5

1/82 3.22 3/8 10 V 3/8 10
H and OH 1/4 6.5

5/32 4.0 3/8 10 \ 5/16 8
H and OH 1/4 6.5

5/822 4.02 1/2 12 \% 1/2 13

H and OH 5/16 8

3/16 4.80r5.0 3/8 10 H 5/16 8
7/32 5.6 3/8 10 H 3/8 10
1/4 6.00r6.4 3/8 10 H 3/8 10

a For EXXX-17 electrodes only.

Figure 3—Fillet Weld Test Assembly
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Talbla L

Welding Conditions for Preparation of
the Groove Weld

Preheat and Interpass Temperature

Minimum Maximum
AWS Classification °F °C °F °C
E409Nb 300 150 500 260
E410NiMo
E430
E430Nb
E630
E410 400 200 600 315
All Others 60 15 300 150

9.5.3 A single-pass fillet weld shall be deposited on one side of the joint. The first electredé shall be continuously
consumed to within the maximum permissible stub length of 2 in [50 mm]. Additional electrddes, if necessary, shall then
be used to complete the weld for the full length of the joint, consuming each electrode conpletely as stated above, insofar
as permitted by the length of the assembly.

9.5.4 When welding in the vertical position, the welding shall progress upward:

10. Chemical Analysis

10.1 The top surface of the weld pad described in 9.3 and shownin Figure 1 shall be removed and discarded and a sample
for analysis shall be obtained from the underlying metal by anyyappropriate mechanical means. The sample shall be free
of slag.

10.2 Weld pads, which are too hard for sample remeval in the as-welded condition, may be given an annealing heat
treatment.

10.3 Alternatively, the sample taken from the reduiced section of the fractured tension specimen or from the groove weld
(see 9.1) may be prepared for analysis by any suitable mechanical means. A sample taken from the weld pad used for
ferrite determination (A6.9.1 through A6:9.4) shall be taken after draw filing, or grinding, and the height above the base
plate for sample removal shall be consistent with the requirements of Figure 1 for the standard weld pad.

10.4 The sample shall be analyzed\by accepted analytical methods. In case of dispute, the referee method shall be ASTM
E353.

10.5 The results of the analysis shall meet the requirements of Table 1 for the classification of the electrode under test.

10.6 If steel base metal dther than those that have 0.03 percent maximum carbon are used for the low-carbon electrodes,’
the sample shall come from material above the eighth layer.

11. Radiographic Test

11,KX_ When required in Table 4, the groove weld described in 9.4 and shown in Figure 2 shall be radiographed to evaluate
thesoundness of the weld metal. In preparation for radiography, the backing shall be removed and both surfaces of the
weld shall be machined or ground smooth and flush with the original surfaces (except as noted) of the base metal or with
a uniform reinforcement not exceeding 3/32 in [2.5 mm]. It is permitted on both sides of the test assembly to remove base

e

o ad 3 4
Tow-carl bU" ElE‘CtIU‘dES arc as tU”UWb LOUSL, EOUSLIVIO, LOUTL, LOUTLIVIO, EOTOL, COTOLIVII, EO1T /7L, ES5ZULIN, L0535, £50J,

E630, E2209, £2307, E2593, E2594, E2595, and E33-31.
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Tabla 6

Tavic U

All-Weld-Metal Mechanical Property Requirements q:
Tensile Strength, min Q
AWS Classification ksi MPa Elongation min. Percent Heat Treatment C)\
E209-XX 100 690 15 None {\.
E219-XX 90 620 15 None Qo)
E240-XX 100 690 15 None \Q
E307-XX 85 590 30 None ™\
E308-XX 80 550 30
E308H-XX 80 550 30 *Nohe
E308L-XX 75 520 30 ®C)None
E308Mo-XX 80 550 30 (‘O None
E308LMo-XX? 75 520 30 C) None
E309-XX 80 550 30 _ None
E309H-XX 80 550 30 Q - None
E309L-XX 75 520 30 Q) None
E309Nb-XX? 80 550 30 None
E309Mo-XX 80 550 30@ None
E309LMo-XX? 75 520 30~ None
E310-XX 30 550 W None
E310H-XX 90 620 \10 None
E310Nb-XX* 80 550 C) 25 None
E310Mo-XX 80 550 \\ 30 None
E312-XX 95 660 (Cy* 22 None
E316-XX 75 520 - 30 None
E316H-XX 75 520 Q 30 None
E316L-XX 70 490 Q) 30 None
E316LMn-XX 80 550 Q/ 20 None
E317-XX 80 550 _ 30 None
E317L-XX 75 520" 30 None
E318-XX 80 5%‘ 25 None
E320-XX 80 6%50 30 None
E320LR-XX 75 Q 520 30 None
E330-XX 75 O 520 25 None
E330H-XX 90 Q v 620 10 None
E347-XX 75 \\ 520 30 None
E349-XX 100 s\Q 690 25 None
E383-XX 75 Q) 520 30 None
E385-XX 7N 520 30 None
E409Nb-XX 5 450 20 d
E410-XX O 520 20 b
E410NiMo-XX 4\ 110 760 15 c
E430-XX o 65 450 20 d
E430Nb-XX R 65 450 20 d
E630-XX . C\)b 135 930 7 e
E16-8-2-XX N 80 550 35 None
E2209-XX ) C) 100 690 20 None
E2307-XX . 100 690 20 None
E2553-XX 110 760 15 None
152593-)(;_0 110 760 15 None
E2594-XX_J 110 760 15 None
E2596-%X 110 760 15 None
EJ155-XX 100 690 20 None
EP31-XX 105 720 25 None

change was made to conform to the worldwide uniform designation of the element niobium.

® Heat to 1350 °F to 1400 °F [730 °C to 760 °C], hold for one hour (-0, +15 minutes), furnace cool at a rate not to exceeding 200 °F [110 °C] per hour to 600 °F [315 °C]

2@ E308LMo-XX, E309LMo-XX, E309Nb-XX, and E310Nb-XX were formerly named E308MoL-XX, E309MoL-XX, E309Cb-XX, and E310Cb-XX, respectively. The
O and air cool to ambient.

¢ Heat to 1100 °F to 1150 °F [595 °C to 620 °C], hold for one hour (-0, +15 minutes), and air cool to ambient.
4 Heat tlo ]400;]: to 1450 °F [760 °C to 790 °C], hold for two hours (-0, +15 minutes), furnace cool at a rate not exceeding 100 °F [55 °C] per hour to 1100 °F [595 °C] and
air cool to ambient.

¢ Heat to 1875 °F to 1925 °F [1025 °C to 1050 °C], hold for one hour (-0, +15 minutes), and air cool to ambient, and then precipitation harden at 1135 °F to 1165 °F [610 °C
to 630 °C], hold for four hours (-0, +15 minutes), and air cool to ambient.
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metal to a depth of 1/16 in [1.5 mm] nominal below the original base metal surface in order to facilitate backing and/or

buildup removal. Thickness of the weld metal shall not be reduced by more than 1/16 in [1.5 mm] less than the normal
base metal thickness. Both surfaces of the test assembly, in the area of the weld, shall be smooth enough to avoid
difficulty in interpreting the radiograph.

11.2 The weld shall be radiographed in accordance with ASTM E1032. The quality level of inspection shall be 2-2T.
11.3 The soundness of the weld metal meets the requirements of this specification if the radiograph shows:

1. no cracks, no incomplete fusion, and no incomplete penetration.

2. no slag in excess of the following:

a. inany 6 in [150 mm] length of the 1/2 in [12 mm)] thick test assembly: no individual slag inclusign-longer
than 7/32 in [5.6 mm] and a maximum total length of 7/16 in [11 mm] for all slag inclusions

b. inany 6 in [150 mm] length of the 3/4 in [20 mm] thick test assembly: no individual slag inclusion in excess
0f 9/32 in [7.1 mm] and a maximum total length of 15/32 in [12 mm] for all slag inclusions.

3. norounded indications in excess of those permitted by the radiographic standards in Figur€ 5A, or 5B as applicable.
In evaluating the radiograph, 1 in [25 mm] of the weld on each end of the test assembly shall,be disregarded.

11.3.1 A rounded indication is an indication (on the radiograph) whose length is no‘more than three times its width.
Rounded indications may be circular or irregular in shape, and they may have tails.\The size of a rounded indication is
the largest dimension of the indication, including any tail that may be present. The‘indications may be porosity, or slag
inclusions.

11.3.2 Indications whose largest dimension does not exceed 1/64 inf04 mm] shall be disregarded. Test assemblies
with indications in excess of the sizes permitted in the radiographic, stdndards do not meet the requirements of this
specification.

12. Tension Test

12.1 One all-weld metal round tension specimen asyspecified in the Tension Test section of AWS B4.0 or AWS B4.0M
shall be machined from the groove weld described in 9.4 and shown in Figure 2. For a test plate thickness of 1/2 in
[12 mm], the all-weld-metal tension test specimen shall have a nominal diameter of 0.250 in [6.25 mm)]. For a test plate
thickness of 3/4 in [20 mm)], the all-weld-metal tension test specimen shall have a nominal diameter of 0.500 [12.5 mm)].
For all plate thicknesses, the gage length«te-diameter ratio shall be 4:1.

12.2 The specimen shall be tested.imsthe manner described in the tension test section of AWS B4.0 or AWS B4.0M.

12.3 The results of the tension test shall meet the requirements specified in Table 6.

13. Fillet Weld Test

13.1 The fillet weld test, when required in Table 4, shall be made in accordance with 9.5 and Figure 3. The entire face of
the completed fillet weld shall be examined visually. The weld shall be free from cracks or other open defects that would
affect the strength of the weld. After the visual examination, a cross section shall be taken from the portion of the weld
made with-the first electrode at approximately 1 in [25 mm] from the end of that weld bead, as shown in Figure 3. The
cross=sectional surface shall be polished and etched, and then examined as required in 13.2.

13.2 Scribe lines shall be placed on the prepared surface, as shown in Figure 4, and the leg length and the convexity shall
be determined to the nearest 1/64 in [0.5 mm] by actual measurement.

13.2.1 The fillet weld shall have complete fusion to the joint root.
13.2.2 Both legs of the fillet weld shall be equal in length within 1/16 in [1.5 mm)].

13.2.3 Convexity of the fillet weld shall be within the limits shown in Figure 4.
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13.2.4 The fillet weld shall show no evidence of cracks.

13.2.5 The fillet weld shall be reasonably free from undercutting, overlap, trapped slag, and porosity.

14. Method of Manufacture

The welding electrodes classified according to this specification may be manufactured by any method that will producé
electrodes conforming to the requirements of this specification.

15. Standard Sizes and Lengths

Standard sizes (diameter of the core wire), standard lengths, and tolerances of electrodes shall be as shown in Table 7.

16. Core Wire and Covering
16.1 The core wire and covering shall be free of defects that would interfere with uniform deposition of the weld metal.

16.2 The core wire and the covering shall be concentric to the extent that the maximum core-plus-one-covering dimension
does not exceed the minimum core-plus-one-covering dimension by more than the following:

1. Seven percent of the mean dimension in sizes 3/32 in [2.5 mm] and smaller
2. Five percent of the mean dimension in sizes 1/8 in [3.2 mm] ahd 5/32 in [4.0 mm]
3. Four percent of the mean dimension in sizes 3/16 in [4.8 mmY{ and larger

The concentricity may be measured by any suitable means.

17. Exposed Core

17.1 The grip end of each electrode shall be bare’(free of covering) for a distance of not less than 1/2 in [12 mm], nor
more than 1-1/4 in [30 mm)] for electrodes 5/32 in [4.0 mm] and smaller, and not less than 3/4 in [19 mm], nor more than
1-1/2 in [38 mm)] for electrodes 3/16 in [4:8"mm] and larger, to provide for electrical contact with the electrode holder.

17.2 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 bareportion (measured from the end of the core wire to the location where the full cross
section of the covering is obtairied) shall not exceed 1/8 in [3 mm] or the diameter of the core wire, whichever is less.
Electrodes with chipped cowverings near the arc end, baring the core wire no more than the lesser of 1/4 in [6 mm] or twice
the diameter of the core wire, meet the requirements of this specification, provided no chip uncovers more than 50 percent
of the circumference 6f;the core.

18. Electrode Identification
All électrodes shall be identified as follows:

18.1 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. The prefix letter “E” in the electrode classification may be omitted from the
imprint.

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

18.3 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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ACTUAL THROAT

CONVEXITY

LEG OF —
FILLET — THEORETICAL LEGOF & THEORETICAL
A
THROAT . K | THROAT
vYy v I
SIZE OF - $ SIZE OF — l?
WELD WELD
SIZE OF —|« > SIZE OF —« >
WELD |« »| LEG OF FILLET WELD | LEG OF
FILLET
Measured Fillet Weld Size? Maximum Convexity®
in mm in mm
1/8 3.0 3/64 1.0
9/64 3.5 3/64 1.0
5/32 4.0 3/64 1.0
11/64 4.5 3/64 1.0
3/16 5.0 116 1.5
13/64 5.0 1/16 1.5
7132 5.5 1/16 1.5
15/64 6.0 116 1.5
1/4 6.5 1716 1.5
17/64 6.5 16 1.5
9/32 7.0 116 1.5
19/64 7.5 1/16 15
5/16 8.0 5/64 2.0
21/64 8.5 5/64 2.0
11/32 8.5 5/64 2.0
23/64 9.0 5/64 2.0
3/8 9.5 5/64 2.0

a Size of fillet weld = leg length of largest inscribed isoseelés right triangle.
b Fillet weld size, convexity, and leg lengths of fillet welds.shall be determined by actual measurement (nearest 1/64 in [0.5 mm])
on a section laid out with scribed lines shown.

Figure 4—Fillet Weld Test Specimen

19. Packaging

19.1 Electrodes shall bejsuitably packaged to protect them from damage during shipment and storage under normal
conditions.

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

20. Marking of Packages
20.1"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. Standard size and net weight
4

Lot, control, or heat number.
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(A) ASSORTED ROUNDED INDICATIONS

SIZE 1/64in TO 1/16in [0.4 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH.

MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 13 WITH THE FOLLOWING RESTRICTIONS:
MAXIMUM NUMBER OF LARGE 3/64 in TO 1/16 in [1.2 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 2.
MAXIMUM NUMBER OF MEDIUM 1/32 in TO 3/64 in [0.8 mm TO 1.2 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 4.
MAXIMUM NUMBER OF SMALL 1/64 in TO 1/32 in [0.4 mm TO 0.8 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 7.

° i ° °
[ ]
[ ]
(B) LARGE ROUNDED INDICATIONS
SIZE 3/64 in TO 1/16in [1.2 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH:
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD,=.
°
[ ] [ ] [ ]
[ ]
° ° ® ° °
(CMEDIUM ROUNDED INDICATIONS
SIZE 1/32in TO 3/64 in [0.8 mm TO 1.2 mm}IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONSIN ANY 6 in [150 mm] OF WELD = 10.
° ° ° °
° e °
L4 °
°
° .
. ° .
° ° ° ° °

(D) SMALL ROUNDED INDICATIONS

SIZE 4/64/n TO 1/32 in [0.4 mm TO 0.8 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 20.

Notes:
13 In using these standards, the chart which is most representative of the size of the rounded indications present in the test specimen

radiograph shall be used for determining conformance to these radiographic standards.
2. Since these are test welds specifically made in the laboratory for classification purposes, the radiographic requirements for these test

welds are more rigid than those which may be required for general fabrications.

Figure SA—Rounded Indication Standards for Radiograph Test—1/2 in [12 mm] Plate
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(A) ASSORTED ROUNDED INDICATIONS

SIZE 1/64 in TO 1/16 in [0.4 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH.

MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 18 WITH THE FOLLOWING RESTRICTIONS:
MAXIMUM NUMBER OF LARGE 3/64 in TO 1/16in [1.2 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH INDICATIONS 5*3.
MAXIMUM NUMBER OF MEDIUM 1/32in TO 3/64 in [0.8 mm TO 1.2 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 5.
MAXIMUM NUMBER OF SMALL 1/64 in TO 1/32 in [0.4 mm TO 0.8 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 10.

[ )
[ J
[ ]
[ J
° ° ® i
(B) LARGE ROUNDED INDICATIONS
SIZE 3/64 in TO 1/16in [1.2 mm TO 1.6 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 8,
[ ]
° ° [} [ )
[} [}
[ ]
b °
° ° ° ° °
(C) MEDIUM ROUNDED INDICATIONS
SIZE 1/32in TO 3/64 in [0.8 mm TO 1.2 mm] IN'DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN-ANY 6 in [150 mm] OF WELD = 15.
= .
* ° ° . ° ° °
°
. ° . o
. L] L4
) L4 . ®
° ° L4 .
o ° L4 °
°

(D) SMALL ROUNDED INDICATIONS

SIZE 1/64-inJ0 1/32 in [0.4 mm TO 0.8 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM-NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 30.

Notes!
1. 4n using these standards, the chart which is most representative of the size of the rounded indications present in the test specimen

radiograph shall be used for determining conformance to these radiographic standards.
2. Since these are test welds specifically made in the laboratory for classification purposes, the radiographic requirements for

these test welds are more rigid than those which may be required for general fabrications.

Figure SB—Rounded Indication Standards for Radiograph Test—3/4 in [20 mm] Plate
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Tabhla-Z

Tavicv 1

Standard Sizes and Lengths

Electrode Size (Diameter of Core Wire)* Standard Lengths"*
in mm in mm
1/16 1.6 9,10 225,250
5/64 2.0 9,10 225,250
3/32 2.4¢ 9,10, 12, 14¢ 225, 250, 300, 3504
2.5 9,10, 12, 14¢ 225, 250, 300, 350¢
1/8 32 14, 18¢ 350, 450¢
5/32 4.0 14, 18¢ 350, 450¢
3/16 4.8° 14,184 350, 4504
5.0 14, 184 350, 4504
7/32 5.6° 14,184 350;-450¢
6.0 14, 184 350, 450¢
1/4 6.4¢ 14, 18¢ 350, 450¢

2 Tolerance on the diameter shall be £0.002 in [+0.05 mm].

b Tolerance on length shall be £1/4 in [£6 mm].

¢ Other sizes and lengths shall be as agreed upon between purchaser and supplier.
4 These lengths are intended only for the EXXX-26 type.

¢ These sizes are not standard in ISO 544.

20.2 The appropriate precautionary information' as given in ANSI Z49;1;\atest edition (as a minimum), or its equivalent,
shall be prominently displayed in legible print on all packages of elégtrodes, including individual unit packages enclosed
within a larger package.

10 Tunical examnles of “warning labels” and nrecautionars information are shaown in fioures in ANSIT 749 1 for some common ok
T T 5

specific consumables used with certain processes.
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Shper s delonene
Guide to AWS Specification for Stainless Steel
Electrodes for Shielded Metal Arc Welding

This annex is not part of AWS A5.4/A5.4M:2012, Specification for Stainless Steel Electrodes
for Shielded Metal Arc Welding, but is included for informational purposes only.

Al. Introduction

The purpose of this guide is to correlate the electrode classifications with their intended applications so that the specifica-
tion can be used effectively. Appropriate base metal specifications or welding processes are referred towhenever that can
be done and when it would be helpful. Such references are intended only as examples rather than complete listings of the
materials or welding processes for which each welding material is suitable.

A2. Classification System

A2.1 The system for identifying the electrode classification in this specification follows the standard pattern used in
other AWS filler metal specifications. The prefix letter “E” at the beginning ofiedch classification designation stands for
electrode. The first three digits designate the classification as to its compaosition. (Occasionally, a number of digits other
than three is used and letters may follow the digits to indicate a specifié.cpmposition.) The last two digits designate the
classification as to usability with respect to position of welding and type of current as described in A8. The smaller sizes
of EXXX(X)-15, EXXX(X)-16, or EXXX(X)-17 electrodes up to‘and including 5/32 in [4.0 mm] included in this speci-
fication are used in all welding positions.

A2.1.1 The mechanical tests measure strength and duetility. In corrosive and high-temperature applications where
there may be no load-carrying or pressure-retaining requirement, mechanical properties are often of lesser importance
than the corrosion and heat-resisting properties. These,mechanical test requirements, however, provide an assurance of
freedom from weld metal flaws, such as check.eracks and serious dendritic segregation which, if present, may cause
failure in service.

A2.1.2 1t is recognized that for certainapplications, supplementary tests may be required. In such cases, additional
tests to determine specific properties, suclras corrosion resistance, scale resistance, or strength at elevated temperatures,
may be required as agreed upon between supplier and purchaser (see A9).

A2.2 Request for New Classification

1. When a new classifieation that is different from those in this specification achieves commercial significance, the
manufacturer, or the user, 0t this new classification may request that a classification be established for it and that it be
included in this specifieation.

2. A requestito establish a new classification must be a written request, and it needs to provide sufficient detail to
permit the Committee on Filler Metals and Allied Materials or the Subcommittee on Stainless Steel Filler Metals to deter-
mine whether’the new classification or the modification of an existing classification is more appropriate, and whether
either iS'neCessary to satisfy the need. In particular, the request needs to include:

a. All classification requirements as given for existing classifications, such as chemical composition ranges,
mochanical property requirements, and usability test requirements.
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b. Any testing conditions for conducting the tests used to demonstrate that the product meets the classification

requirements. (It would be sufficient, for example, to state that welding conditions are the same as for other classifica-
tions.)

c. Information on Description and Intended Use, which parallels that for existing classifications, for that section
of the annex.

A request for a new classification without the above information will be considered incomplete. The Secretary will return
the request to the requestor for further information.

3. The request should be sent to the Secretary of the Committee on Filler Metals and Allied Materials atz\AWS
Headquarters. Upon receipt of the request, the Secretary will:

a. Assign an identifying number to the request. This number will include the date the request wasteceived.
b. Confirm receipt of the request and give the identification number to the person who made the request.

c. Send a copy of the request to the Chair of the Committee on Filler Metals and Allied Materials, and to the
Chair of the Subcommittee on Stainless Steel Filler Metals.

d. File the original request.
e. Add the request to the log of outstanding requests.

4. All necessary action on each request will be completed as soon as possible. If more than 12 months lapse, the
Secretary shall inform the requestor of the status of the request, with copics.to the Chairs of the Committee and the
Subcommittee. Requests still outstanding after 18 months shall be considered not to have been answered in a timely man-
ner and the Secretary shall report these to the Chair of the Committee/on Filler Metals and Allied Materials for action.

5. The Secretary shall include a copy of the log of all requests ‘pending and those completed during the preceding
year with the agenda for each Committee on Filler Metals and Allied Materials meeting. Any other publication of requests
that have been completed will be at the option of the American*Welding Society, as deemed appropriate.

A2.3 International Classification System. Table A.1 shows the classifications of welding filler metals in ISO 3581:2003
corresponding to those in this specification. In dccordance with the generic system being adopted in many ISO
specifications, the initial letter “E” designates a<coyered electrode, and the letter “S” the alloy system. The subsequent
designators follow the AWS system. This system applies to classifications in ISO 3581B. The designations used in
Europe for the closely corresponding classifieations in ISO 3581A appear in Table A.1.

A3. Acceptance

Acceptance of all welding materials classified under this specification is in accordance with AWS AS5.01, Filler Metal
Procurement Guidelines,«as the specification states. Any testing a purchaser requires of the supplier, for material shipped
in accordance with thislspecification, must be clearly stated in the purchase order, according to the provisions of AWS
A5.01. In the absenog\of any such statement in the purchase order, the supplier may ship the material with whatever test-
ing is normally conducted on material of that classification, as specified in Schedule F, Table 1, of AWS A5.01. Testing
in accordance\with any other Schedule in that Table must be specifically required by the purchase order. In such cases,
acceptancg¢ of the material shipped will be in accordance with those requirements.

A4. Certification

The act of placing the AWS specification and classification designations on the packaging enclosing the product, or the
classification on the product itself, constitutes the supplier’s (manufacturer’s) certification that the product meets all of
the requirements of the specification. The only testing requirement implicit in this certification is that the manufacturer
has actually conducted the tests required by the specification on material that is representative of that being shipped and
that material met the requirements of the specification. Representative material, in this case, is any production run of that
classification using the same formulation. “Certification” is not to be construed to mean that tests of any kind were neces-

dar'lly conaucied O dInplIcs O € SPC [Matcrid NIpped. 1€ OI1 SUCH materidal may oOr 1may no dVEC DCCN Condauctecd.
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The basis for the certification required by the specification is the classification test of “representative material” cited

above, and the “Manufacturer’s Quality Assurance Program” in AWS A5.01M/AS5.01(ISO 14344 MOD).

AS. Ventilation

A5.1 Five major factors govern the quantity of fumes in the atmosphere to which welders and welding operators are
exposed during welding. They are:

1. Dimensions of the space in which the welding is done (with special regard to the height of the ceiling)
2. Number of welders and welding operators working in that space
3. Rate of evolution of fumes, gases, or dust, according to the materials and processes used

4. The proximity of the welders or welding operators to the fumes, as these fumes issue from the welding zone, and
to the gases and dusts in the space in which they are working

5. The ventilation provided to the space in which the welding is done.

AS5.2 American National Standard ANSI Z49.1, Safety in Welding, Cutting, and Allied /Processes (published by the
American Welding Society), discusses the ventilation that is required during welding and should be referred to for details.
Attention is drawn particularly to the section on Ventilation in that document.

A6. Ferrite in Weld Deposits

AG6.1 Ferrite is known to be very beneficial in reducing the tendency, fox ¢racking or fissuring in weld metals; however,
it is not essential. Millions of pounds of fully austenitic weld metalhave been used for years and provided satisfactory
service performance. Generally, ferrite is helpful when the welds ate restrained, the joints are large, and when cracks or
fissures adversely affect service performance. Ferrite increases-the weld strength level. Ferrite may have a detrimental
effect on corrosion resistance in some environments. It also i$.génerally regarded as detrimental to toughness in cryogenic
service, and in high-temperature service where it can transform into the brittle sigma phase.

A6.2 Ferrite can be measured on a relative scalesbyvmeans of various magnetic instruments. However, work by the
Subcommittee for Welding of Stainless Steel ofithe' High-Alloys Committee of the Welding Research Council (WRC)
established that the lack of a standard calibratiehprocedure resulted in a very wide spread of readings on a given specimen
when measured by different laboratories. ACSpecimen averaging 5.0 percent ferrite based on the data collected from all
the laboratories was measured as low as‘3:5 percent by some and as high as 8.0 percent by others. At an average of 10
percent, the spread was 7.0 to 16.0 petcent.

In order to substantially reduce this problem, the WRC Subcommittee published on July 1, 1972, Calibration Procedure
for Instruments to Measure thé-Delta Ferrite Content of Austenitic Stainless Steel Weld Metal."' In 1974, the American
Welding Society extended\this procedure and prepared AWS A4.2, Standard Procedure for Calibrating Magnetic
Instruments to Measure\the Delta Ferrite Content of Austenitic Steel Weld Metal. All instruments used to measure the
ferrite content of AW S-classified stainless electrode products are to be traceable to this AWS standard.

A6.3 The WRC Subcommittee also adopted the term Ferrite Number (FN) to be used in place of percent ferrite, to
clearly indieate-that the measuring instrument was calibrated to the WRC procedure. The Ferrite Number, up to 10 FN,
is to be considered equal to the percent ferrite term previously used. It represents a good average of commercial U.S. and
world/practice on the percent ferrite. Through the use of standard calibration procedures, differences in readings due to
instrument calibration are expected to be reduced to about +5 percent, or at the most, +10 percent of the measured ferrite
value.

‘A6.4 In the opinion of the WRC Subcommittee, it has been impossible, to date, to accurately determine the true absolute
ferrite content of weld metals.

"WRC documents are published by Welding Research Council, P.O. Box 201547, Shaker Heights, OH 44120.
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FableAA

Comparison of Classification in ISO 3581:2003
AWS A5.4/A5.4M ISO 3581A ISO 3581B
E209 — ES209
E219 — ES219
E240 - ES240
E307 E18 9 Mn Mo ES307
E308 E199 ES308
E308H EI99H ES308H
E308L E199L ES308L
E308Mo E20 103 ES308Mo
E308LMo — ES308LMo
E309 E22 12 ES309
E309H — ES309H
E309L E22 12 L ES309L
E309Nb E23 12 Nb ES309Nb
E309Mo — ES309Mo
E309LMo E23122L ES309LMo
E310 E25 20 ES310
E310H E25 20H ES310H
E310Nb — ES310Nb
E310Mo — ES310Mo
E312 E299 ES312
E316 E19122 ES316
E316H — ES316H
E316L E19 123 ES316L
E316LMn E20 16 3Md N L ES316LMn
E317 at ES317
E317L — ES317L
E318 E 1923 Nb ES318
E320 — ES320
E320LR — ES320LR
E330 E18 36 ES330
E330H — ES330H
E347 E199 Nb ES347
E349 — ES349
E409Nb — ES409Nb
E410 E13 ES410
E410NiMo El3 4 ES410NiMo
E430 E17 ES430
E430Nb — ES430Nb
E630 — ES630
E16-8-2 E1682 ES16-8-2
E2209 E2293NL ES2209
E2307 E237NL —
E2553 — ES2553
E2593 E2593CuNL —
E2594 E2594NL —
E2595 — —
E3155 — —
E33-31 — —
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A6.5 Even on undiluted pads, ferrite variations from pad to pad must be expected due to slight changes in welding and

measuring variables. On a large group of pads from one heat or lot and using a standard pad welding and preparation
procedure, two sigma values indicate that 95 percent of the tests are expected to be within a range of approximately +2.2
FN at about 8 FN. If different pad welding and preparation procedures are used, these variations will increase.

A6.6 Even larger variations may be encountered if the welding technique allows excessive nitrogen pickup, in which
case the ferrite can be much lower than it should be. High nitrogen pickup can cause a typical 8 FN deposit to drop to
0 FN. A nitrogen pickup of 0.10 percent will typically decrease the FN by about 8.

A6.7 Plate materials tend to be balanced chemically to have inherently lower ferrite content than matching weld metals.
Weld metal diluted with plate metal will usually be somewhat lower in ferrite than the undiluted weld metal, though this
does vary depending on the amount of dilution and the composition of the base metal.

A6.8 In the E3XX classifications, many types such as E310, E310Mo, E310Nb, E316L.Mn, E320, E320LR, E330, E383,
E385, and E3155, and E31-33 are fully austenitic. The E316 group can be made with little or no ferrite\and generally is
used in that form because it has better corrosion resistance in certain media. It also can be obtained in ashigher ferrite form,
usually over 4 FN, if desired. Many of the other E3XX classifications can be made in low-ferrite verSions, but commercial
practice usually involves ferrite control above 4 FN. Because of composition limits covering these grades and various
manufacturing limits, most lots will be under 10 FN and they are unlikely to go over 15 FN§:E308LMo and E309L can
have ferrite levels in excess of 15 FN. E16-8-2 generally is controlled at a low-ferrite level,under 5 FN; E309LMo, E312,
E2209, £2307, E2553, E2593, and E2594, and E2595 generally are quite high in ferritejusually over 20 FN.

A6.9 When it is desired to measure ferrite content, the following procedure is réecommended to minimize variation in
measured ferrite content and avoid false low or false high values.

A6.9.1 Weld pads as detailed in Figure A.1 are prepared as described in”/A6.9.2 through A6.9.4. The base plate should
be Type 301, 302, or 304 conforming to ASTM Specification A167 or A240. Carbon steel may be used provided that the
weld pad is built up to the minimum height specified in A6.9.2.

A6.9.2 The weld pad should be built up between two copper-bats laid parallel on the base plate by depositing single
weld bead layers, one on top of the other to a minimum height of 1/2 in [13 mm]. The spacing between the copper bars for
the size of the electrode being tested should be as specifieddn Figure A.1. An optional welding fixture is shown in Figure
A.2. If carbon steel is used as the base plate, the weld pad should be built up to a minimum height of 5/8 in [16 mm].

A6.9.3 Typical welding currents used for the size/of the electrode being tested are shown in Figure A.1. The arc length
should be as short as practicable. The weld bead\layers may be deposited with a weave, if necessary, to fill the space
between the copper bars. The arc should not beallowed to impinge on the copper bars. The welding direction should be
alternated from pass to pass. The weld stop$'and starts should be located at the ends of the weld buildup. Each pass should
be cleaned prior to depositing the next, weld bead. The maximum interpass temperatures should be 200 °F [95 ° C].
Between passes, the weld pad may l5¢,Cooled by quenching in water not sooner than 20 seconds after the completion of
each pass. The last pass should be-air cooled to below 800 °F [430 © C] prior to quenching in water.

A6.9.4 The completed weldpad when the anticipated ferrite is 30 FN or less should be draw filed to provide sufficient
finished surface to make.thle required ferrite readings. Draw filing should be performed with a 14 in [360 mm] mill bastard
file held on both sides ofithe weld with the long axis of the file perpendicular to the long axis of the weld. (Other methods
of surface preparation have been shown to result in work hardening and/or overheating, causing false measurements.)
Files should eithet-be new or should have been used only on austenitic stainless steel. Filing should be accomplished by
smooth drawtiling strokes (one direction only) along the length of the weld while applying a firm downward pressure.
Cross filing, that is, filing in two different directions, should not be permitted. The finished surface should be smooth with
all trages)of weld ripple removed and should be continuous in length where measurements are to be taken. The width of
the propared surface should not be less than 1/8 in [3 mm]. For anticipated ferrite levels greater than 30 FN, the surface
should be ground with successfully finer abrasives to 600 grit or finer. Care should be taken during grinding to prevent
overheating or burning. The completed weld pad should have the surface prepared so that it is smooth with all traces of
weld ripple removed and should be continuous in length where measurements are to be taken. This can be accomplished
by any suitable means providing the surface is not heated in excess during the machining operation (excessive heating
may affect the final ferrite reading). The width of the prepared surface should not be less than 1/8 in [3 mm].

A6.9.5 A total of at least six ferrite readings should be taken on the finished surface along the longitudinal axis of the

weld pad with an instrument calibrated in accordance with the procedures specified in AWS A4.2M, Standard Procedures
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Welding Current

Amperes? Approximate Dimensions of Deposit
Electrode Size Width, W Length, L

in mm -15,-16,-17,-26 in mm in mm
116 1.6 35-50 0.25 6.5 1-1/4 32
5/64 2.0 45-60 0.25 6.5 1-1/4 32
3/32 24,25 65-90 0.3 7.5 1-1/2 38
1/8 3.2 90-120 0.4 10 1-1/2 38
5/32 4.0 120-150 0.5 13 1-1/2 38
3/16 4.8,5.0 160-200 06 15 1-1/2 38
7132 5.6 200-240 0.7 18 1-1/2 38
6.0 220-260 0.7 18 1-1/2 38

1/4 6.4 240-280 0.7 18 1-1/2 38

2 Recommended welding current will vary widely depending on the type of core wire employed. Consult the manufacturer for specific
recommendations. Welding current used to produce the test specimen should be reported.

Figure A.1—Weld Pad for Ferrite Test

for Calibrating Magnetic Instiiments to Measure the Delta Ferrite Content of Austenitic and Duplex Ferritic-Austenitic
Stainless Steel Weld Metal (latest edition). The readings obtained should be averaged to a single value.

A6.10 The ferrite content of welds may be calculated from the chemical composition of the weld deposit. This can be
done from the WRC=1992 Diagram (Figure A.3).

A6.10.1 The WRC-1992 Diagram'? (Figure A.3) predicts the ferrite content in Ferrite Number (FN). It is a slight
modificatiofivof the WRC-1988 Diagram!3 to take into account the effect of copper as originally proposed by Lake.
Studies,within the WRC Subcommittee on Welding of Stainless Steel and within Commission II of the International
Institute-of Welding show a closer agreement between measured and predicted ferrite contents using the WRC-1988
Diagram than when using the previously used DeLong Diagram. The WRC-1992 Diagram may not be applicable to
compositions having greater than 0.3 percent nitrogen, one percent silicon, or greater than ten percent manganese. For
stainless steel compositions not alloyed with Cu, the predictions of the 1988 and 1992 diagrams are identical.

12 Kotecki, D. J. and Siewert, T. A. 1992. WRC-1992 Constitution Diagram for Stainless Steel Weld Metals: A Modification of the
WRC-1988 Diagram, Welding Journal 71(5): 171-s to 178-s.

Content, New York, NY: Welding Research Council.
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THIS DESIGN ALLOWS INCREASED VISIBILITY,
MAKING IT EASIER TO HOLD A SHORT ARC LENGTH.

CROSS-SECTION A-A

Figure A.2—Optional Welding Fixture for Welding Ferrite Test Pads

A6.10.2 The differences between measured and calculated ferrite are somewhat dependent on the ferrite level of the
deposit, increasing as the ferrite levelincreases. The agreement between the calculated and measured ferrite values is also
strongly dependent on the quality.gfithe chemical analysis. Variations in the results of the chemical analyses encountered
from laboratory to laboratory caiphave significant effects on the calculated ferrite value, changing it as much as 4 to 8 FN.

A7. Description’and Intended Use of Filler Metals

A7.1 E209. Thenominal composition (wt %) of this weld metal is 22 Cr, 11 Ni, 5.5 Mn, 2 Mo, and 0.20 N. Electrodes
of this composition are most often used to weld AISI Type 209 (UNS S20910) base metals. The alloy is a nitrogen-
strengthened austenitic stainless steel exhibiting high strength with good toughness over a wide range of temperatures.
Nitrogeny alloying reduces the tendency for intergranular carbide precipitation in the weld area by inhibiting carbon
diffusion and thereby increasing resistance to intergranular corrosion. Nitrogen alloying coupled with the molybdenum
content provides superior resistance to pitting and crevice corrosion in aqueous chloride-containing media. Type E209
electrodes have sufficient total alloy content for use in joining dissimilar alloys, like mild steel and the stainless steels,
and also for direct overlay on mild steel for corrosion applications.

A7.2 E219. The nominal composition (wt %) of this weld metal is 20 Cr, 6 Ni, 9 Mn, and 0.20 N. Electrodes of this
composition are most often used to weld AISI Type 219 (UNS S21900) base metals. This alloy is a nitrogen-strengthened
austenitic stainless steel exhibiting high strength with good toughness over a wide range of temperatures. Nitrogen

alloying reduces the tendency for intergranular carbide precipitation in the weld area by inhibiting carbon diffusion, and
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Figure A.3—WRC-1992 (FN) Diagram for Stainless Steel Weld Metal

thereby increases resistance to intergranular corrosion. Nitrogen alloying also improves resistance to pitting and crevice
corrosion in aqueous chloride-containing medial The E219 electrodes have sufficient total alloy content for use in joining
dissimilar alloys like mild steel and the stainiess steels, and also for direct overlay on mild steel for corrosion applications.

A7.3 E240. The nominal composition @t %) of this weld metal is 18 Cr, 5 Ni, 12 Mn, and 0.20 N. Electrodes of this
composition are most often used to*weld AISI Type 240 and 241 base metals. These alloys are nitrogen-strengthened
austenitic stainless steels exhibiting high strength with good toughness over a wide range of temperatures. Significant
improvement in resistance to wear in particle-to-metal and metal-to-metal (galling) applications is a desirable characteristic
when compared to the more¢onventional austenitic stainless steels like Type 304. Nitrogen alloying reduces the tendency
for intergranular carbide precipitation in the weld area by inhibiting carbon diffusion and thereby increasing resistance to
intergranular corrosien. Nitrogen alloying also improves resistance to pitting and crevice corrosion in aqueous chloride-
containing media\lnaddition, weldments in Alloys AISI 240 and AISI 241 when compared to Type 304, exhibit improved
resistance to transgranular stress corrosion cracking in hot aqueous chloride-containing media. The E240 electrodes have
sufficient total*alloy content for use in joining dissimilar alloys like mild steel and the stainless steels, and also for direct
overlay/onmild steel for corrosion and wear applications.

A7.4E307. The nominal composition (wt %) of this weld metal is 19.8 Cr, 9.8 Ni, 4 Mn and 1 Mo. Electrodes of this
eomposition are used primarily for moderate strength welds with good crack resistance between dissimilar steels such as
austenitic manganese steel and carbon steel forgings or castings.

A7.5 E308. The nominal composition (wt %) of this weld metal is 19.5 Cr, and 10 Ni. Electrodes of this composition are
most often used to weld base metal of similar composition such as AISI Types 301, 302, 304, and 305.

A7.6 E308H. These clectrodes are the same as E308 except that the allowable weld metal carbon content has been
restricted to eliminate the lowest carbon levels. Carbon content in the range of 0.04 to 0.08 percent provides higher tensile
and creep strengths at elevated temperatures. These electrodes are used for welding Type 304H base metal. Weld metal

ferrite content is normally targeted for 5 FN to minimize the effect of sigma embrittlement in high-temperature service.
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A7.7 E308L. The composition of the weld metal is the same as E308, except for the carbon content. The 0.04 percent

maximum carbon content of weld metal deposited by these electrodes reduces the possibility of intergranular carbide
precipitation and thereby increases the resistance to intergranular corrosion without the use of stabilizers such as niobium
or titanium. A carbon content of 0.04 percent maximum has been shown to be adequate in weld metal, even though it is
recognized that similar base metal specifications require a 0.03 percent limitation. This low-carbon alloy, however, is not
as strong at elevated temperature as E308H or E347.

A7.8 E308Mo. These electrodes are the same as E308, except for the addition of molybdenum. E308Mo electrodes are
recommended for welding ASTM CF8M stainless steel castings, as they match the base metal with regard to chromium,
nickel, and molybdenum. They may also be used for welding wrought materials such as Type 316 stainless when increased
ferrite is desired beyond that attainable with E316 electrodes.

A7.9 E308LMo. These electrodes are recommended for welding ASTM CF3M stainless steel castings, as they match the
base metal with regard to chromium, nickel, and molybdenum. E308LMo electrodes may also be used for welding wrought
materials such as Type 316L stainless when increased ferrite is desired beyond that attainable with E3 LoL\ electrodes.

A7.10 E309. The nominal composition (wt %) of this weld metal is 23.5 Cr, 13 Ni with carbon levelsallowed up to 0.15
percent and typical ferrite levels from 3 to 20 FN. Electrodes of this composition are used for welding similar compositions
in wrought or cast form. They are also used for welding dissimilar steels, such as joining Type:304 to carbon or low-alloy
steel, welding the clad side of Type 304-clad steels, making the first layer of a 308 weld ¢ladding and applying stainless
steel sheet linings to carbon steel shells. Embrittlement or cracking can occur if these dissimilar steel welds are subjected
to a postweld heat treatment or to service above 700 °F [370 °C]. Occasionally, they, areised to weld Type 304 and similar
base metals where severe corrosion conditions exist requiring higher alloy weld metal: Essentially, there are two electrodes
contained within this specification, E309H and E309L, and for critical applicattens their use is encouraged. See below for
their specific applications.

A7.11 E309H. These electrodes are the same as E309, except that the allowable weld metal carbon content has been
restricted to eliminate the lowest carbon levels. The carbon restriction“will provide higher tensile and creep strengths at
elevated temperatures. This together with a typical ferrite contéatyof about 6 FN make these electrodes suitable for the
welding of 24 Cr 12 Ni wrought and cast steels designed for cofrosion and oxidation resistance. High-carbon castings to
ACTI’s HH grade should be welded with an electrode that is’Similar to the casting composition.

A7.12 E309L. The composition of this weld metal is¢thg'same as that deposited by E309 electrodes, except for the lower
carbon content. The 0.04 percent maximum carbon<ontent of these weld deposits ensures a higher ferrite content than
the E309H, usually greater than 8 FN and reduces the possibility of intergranular carbide precipitation. This thereby
increases the resistance to intergranular corrosion without the use of niobium (columbium). E309L deposits are not as
strong at elevated temperature as the niobitun-stabilized alloy or E309H deposits. E309L electrodes are commonly used
for welding dissimilar steels, such as joining Type 304 to mild or low-alloy steel, welding the clad side of Type 304-clad
steels, welding the first layer of: E308L weld cladding and applying stainless steel sheet linings to carbon steel.
Embrittlement or cracking can occur if these dissimilar steel welds are subjected to a postweld heat treatment or to service
above 700 °F [370 °C]. If postweld heat treatment of the carbon steel is essential, the total procedure, welding and heat
treatment, should be provenprior to implementation.

A7.13 E309Nb. The coniposition of this weld metal is the same as Type 309, except for the addition of niobium and a
reduction in the carbon limit. The niobium provides resistance to carbide precipitation and thus increases intergranular
corrosion resistance, and also provides higher strength in elevated-temperature service. E309Nb electrodes are used also
for welding Type 347 clad steels or for the overlay of carbon steel.

A7.14 E309Mo. The composition of this weld metal is the same as that deposited by E309 electrodes, except for the
addition-of molybdenum and a small reduction in the carbon limit. These electrodes are used for welding Type 316 clad
steels-or for the overlay of carbon steels.

A7.15 E309LMo. The composition of this weld metal is the same as that deposited by E309Mo electrodes, except for
the restricted carbon content. The lower carbon content of the weld metal reduces the possibility of intergranular corrosion
and increases the ferrite content. This in turn reduces the potential for solidification cracking when deposited onto carbon
or low-alloy steels.

A7.16 E310. The nominal composition (wt %) of this weld metal is 26.5 Cr, 21 Ni. Electrodes of this composition are

most often used to weld base metals of similar composition.
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A7.17 E310H. The composition of this weld metal is the same as that deposited by E310 electrodes, except that carbon

ranges from 0.35 to 0.45 percent. These electrodes are used primarily for welding or repairing high-alloy heat and
corrosion-resistant castings of the same general composition which are designated as Type HK by the Alloy Castings
Institute. The alloy has high strength at temperatures over 1700 °F [930 °C]. It is not recommended for high-sulfur
atmospheres or where severe thermal shock is present. Long time exposure to temperatures in the approximate range of
1400 °F to 1600 °F [760 °C to 870 °C] may induce formation of sigma and secondary carbides which may result in
reduced corrosion resistance, reduced ductility, or both. The composition of this electrode should not be confused with
the stainless steel wrought alloy 310H which has a lower carbon content of 0.04-0.10 percent.

A7.18 E310Nb. The composition of this weld metal is the same as that deposited by E310 electrodes, exceptfor the
addition of niobium and a reduction in carbon limit. These electrodes are used for the welding of heat-resisting eastings,
Type 347 clad steels, or the overlay of carbon steels.

A7.19 E310Mo. The composition of this weld metal is the same as that deposited by E310 electredes; except for the
addition of molybdenum and a reduction in carbon limit. These electrodes are used for the welding of heat-resisting
castings, Type 316 clad steels, or for the overlay of carbon steels.

A7.20 E312. The nominal composition (wt %) of this weld metal is 30 Cr, 9 Ni. These’ electrodes were originally
designed to weld cast alloys of similar composition. They have been found to be valuable\in welding dissimilar metals,
especially if one of them is a stainless steel, high in nickel. This alloy gives a two-pliase weld deposit with substantial
amounts of ferrite in an austenitic matrix. Even with considerable dilution by austenite-forming elements, such as nickel,
the microstructure remains two-phase and thus highly resistant to weld metal cracks and fissures. Applications should be
limited to service temperature below 800 °F [420 °C] to avoid formation of séeondary brittle phases.

A7.21 E316. The nominal composition (wt %) of this weld metal is 18:5\Cr, 12.5 Ni, 2.5 Mo. These electrodes are used
for welding Type 316 and similar alloys. They have been used successfully in certain applications involving special base
metals for high-temperature service. For these high-temperature’ applications in the past, the carbon level would have
been about 0.06%. For similar current or future applications, the.use of E316H would ensure similar carbon levels. The
presence of molybdenum provides creep resistance and incteased ductility at elevated temperatures. Rapid corrosion of
Type 316 weld metal may occur when the following three'\factors coexist:

1. The presence of a continuous or semi-continuous network of ferrite in the weld metal microstructure
2. A composition balance of the weld meta) giving a chromium-to-molybdenum ratio of less than 8.2 to 1
3. Immersion of the weld metal in a cortosive medium.

Attempts to classify the media in which@ccelerated corrosion will take place by attack on the ferrite phase have not been
entirely successful. Strong oxidizing‘and mildly reducing environments have been present where a number of corrosion
failures were investigated and doeumented. The literature should be consulted for latest recommendations.

A7.22 E316H. These electrodes are the same as E316, except that the allowable weld metal carbon content has been
restricted to eliminate the’lowest carbon levels. Carbon content in the range of 0.04 to 0.08 percent provides higher tensile
and creep strengths at elevated temperatures. These electrodes are used for welding 316H base metal.

A7.23 E316L. This)composition is the same as E316, except for the carbon content. The 0.04 percent maximum carbon
content of weld metal deposited by these electrodes reduces the possibility of intergranular carbide precipitation and
thereby inereases the resistance to intergranular corrosion without the use of stabilizers such as niobium or titanium.
These efectrodes are used principally for welding low-carbon, molybdenum-bearing austenitic alloys. Tests have shown
that 0:04 percent carbon limit in the weld metal gives adequate protection against intergranular corrosion in most cases.
ThisyTow-carbon alloy, however, is not as strong at elevated temperatures as Type E316H. This classification with
maximum ferrite content of 2 FN has traditionally been the choice for welding Types 304 and 316 stainless steels for
cryogenic service at temperatures down to —452 °F [-269 °C].

A7.24 E316LMn. The nominal composition (wt %) of this weld metal is 19.5 Cr, 16.5 Ni, 6.5 Mn, 3 Mo, 0.2 N. This is
normally a fully austenitic alloy with a maximum ferrite content of 0.5 FN. In critical applications for cryogenic and
corrosion-resistant service, the purchaser should specify the maximum ferrite allowable. One of the primary uses of this
electrode is for the joining of similar and dissimilar cryogenic steels for applications down to —452 °F [-269 °C]. Similar
steels include stainless steels such as UNS S30453 and S31653. This electrode also exhibits good corrosion resistance in

acids and seawater, and is particularly suited to the corrosion conditions found in urea synthesis plants. It is also
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nonmagnetic. The high Mn-content of the alloy helps to stabilize the austenitic microstructure and aids in hot cracking

resistance.

A7.25 E317. The alloy content of weld metal deposited by these electrodes is somewhat higher than that of Type E316
electrodes, particularly in molybdenum. These electrodes are usually used for welding alloys of similar composition and
are utilized in severely corrosive environments (such as those containing halogens) where crevice and pitting corrosion
are of concern.

A7.26 E317L. The composition of this weld metal is the same as that deposited by E317 electrodes, except for the
carbon content. The 0.04 percent maximum carbon content of weld metal deposited by these electrodes reduces the
possibility of intergranular carbide precipitation and thereby increases the resistance to intergranular corrosion without
the use of stabilizers such as niobium or titanium. This low-carbon alloy, however, is not as strong at elevated temperatures
as the niobium-stabilized alloys or the standard Type 317 weld metal with higher carbon content.

A7.27 E318. The composition of this weld metal is the same as that deposited by E316 electrodes, except for the addition
of niobium. Niobium provides resistance to intergranular carbide precipitation and thus increased resistance to
intergranular corrosion. These electrodes are used primarily for welding base metals of similar comipgsition.

A7.28 E320. The nominal composition (wt %) of this weld metal is 20 Cr, 34 Ni, 2.5 Mo, 8.5/Cu, with Nb added to
improve resistance to intergranular corrosion. These electrodes are primarily used to dveld base metals of similar
composition for applications where resistance to severe corrosion is required for a wide’range of chemicals including
sulfuric and sulfurous acids and their salts. These electrodes can be used to weld both castings and wrought alloys of
similar compositions without postweld heat treatment.

A modification of this grade without niobium, not classified herein, is available.for repairing castings which do not con-
tain niobium. With this modified composition, solution annealing is requir€d after welding.

A7.29 E320LR (Low Residuals). Weld metal deposited by E320LR ¢lectrodes has the same basic composition as that
deposited by E320 electrodes; however, the elements C, Si, P, and.Stare specified at lower maximum levels, and Nb and
Mn are controlled within narrower ranges. These changes reduce the weld metal fissuring (while maintaining the corrosion
resistance) frequently encountered in fully austenitic stainless steel weld metals. Consequently, welding practices
typically used to deposit ferrite-containing austenitic stainléss ‘steel weld metals can be used. Type 320LR weld metal has
a lower minimum tensile strength than Type 320 weld.in¢tal.

A7.30 E330. The nominal composition (wt %) of this weld metal is 35 Ni, 15.5 Cr. These electrodes are commonly used
where heat- and scale-resisting properties aboyesI800 °F [980 °C] are required. However, high-sulfur environments may
adversely affect performance at elevated temperature. Repairs of defects in alloy castings and the welding of castings and
wrought alloys of similar compositions ar¢ the most common applications.

A7.31 E330H. The composition of this*weld metal is the same as that deposited by E330 electrodes, except that carbon
ranges from 0.35 to 0.45 percent. These electrodes are used primarily for the welding and repairing of high-alloy heat and
corrosion-resistant castings of the same general composition which are designated HT by the Alloy Castings Institute.
This composition can be used*to 2100 °F [1150 °C] in oxidizing atmospheres and at 2000 °F [1090 °C] in reducing
atmospheres. However, high-sulfur environments may adversely affect performance at elevated temperature.

A7.32 E347. The nominal composition (wt %) of this weld metal is 19.5 Cr, 10 Ni with Nb or Nb plus Ta added as a
stabilizer. Either. of\these additions reduces the possibility of intergranular chromium carbide precipitation and thus
increases resisfance to intergranular corrosion.

These electrodes are usually used for welding chromium-nickel alloys of similar compositions stabilized either with
niobium'or titanium. Electrodes depositing titanium as a stabilizing element are not commercially available because tita-
nium 1s not readily transferred across the arc in shielded metal arc welding. Although niobium is the stabilizing element
ysually specified in Type 347 alloys, it should be recognized that tantalum also is present. Tantalum and niobium are
almost equally effective in stabilizing carbon and in providing high-temperature strength. This specification recognizes
the usual commercial practice of reporting niobium as the sum of niobium plus tantalum. If dilution by the base metal
produces a low-ferrite or fully austenitic weld metal deposit, crack sensitivity of the weld may increase substantially.

Some applications, especially those involving high-temperature service, are adversely affected if the ferrite content is too
high. Consequently, a high-ferrite content should not be specified unless tests prove it to be absolutely necessary.
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A7.33 E349. The normal composition (wt %) of this weld metal is 19.5 Cr, 9 Ni, 1 Nb, 0.5 Mo, 1.4 W. These electrodes

are used for welding steels of similar composition such as AISI Type 651 or 652. The combination of niobium,
molybdenum, and tungsten with chromium and nickel gives good high-temperature rupture strength. The chemical
composition of the weld metal results in an appreciable content of ferrite which increases the crack resistance of the weld
metal.

A7.34 E383. The nominal composition (wt %) of this weld metal is 28 Cr, 31.5 Ni, 3.7 Mo, 1 Cu. These electrodes are
used to weld base metal of a similar composition to itself and to other grades of stainless steel. Type E383 weld metal is
recommended for sulfuric and phosphoric acid environments. The elements C, Si, P, and S are specified at low maximum
levels to minimize weld metal hot cracking and fissuring (while maintaining the corrosion resistance) frequently
encountered in fully austenitic stainless steel weld metals.

A7.35 E385. The nominal composition (wt %) of this weld metal is 20.5 Cr, 25 Ni, 5 Mo, 1.5 Cu. These €lectrodes are
used primarily for welding of Type 904L materials for the handling of sulfuric acid and many chloride=cortaining media.
Type E385 electrodes also may be used to join Type 317L material where improved corrosion resistance in specific media
is needed. E385 electrodes also can be used for joining Type 904L base metal to other grades ofistainless. The elements
C, Si, P, and S are specified at lower maximum levels to minimize weld metal hot cracking and fissuring (while maintaining
corrosion resistance) frequently encountered in fully austenitic weld metals.

A7.36 E409Nb. The composition of this weld metal is very similar to that deposited-by E410 electrodes, except that
niobium has been added which produces a ferritic microstructure with fine grains.' These electrodes are used for the
welding of ferritic stainless steels such as Types 405 and 409. They are also used_for the second and/or additional layers
in the welding of Type 410 clad stainless steel and for the overlay of carbon and low-alloy steels. Preheat and postweld
heat treatments are required to achieve welds of adequate ductility for many engineering purposes. This weld deposit
cannot be expected to develop the strength and hardness of a fully hardéned martensitic stainless steel alloy such as Type
410.

A7.37 E410. This 12 Cr alloy is an air-hardening steel. Preheatiand postheat treatments are required to achieve welds of
adequate ductility for many engineering purposes. The mostleormmon application of these electrodes is for welding alloys
of similar compositions. They are also used for surfacing of carbon steels to resist corrosion, erosion, or abrasion.

A7.38 E410NiMo. These electrodes are used for welding ASTM CA6NM (CA-6NM) castings or similar materials, as
well as light-gauge Type 410, 410S, and 405 base/mctals. Weld metal deposited by these electrodes is modified to contain
less chromium and more nickel than weld metal/deposited by E410 electrodes. The objective is to eliminate ferrite in the
microstructure, as ferrite has a deleterious_effect on mechanical properties of this alloy. Final postweld heat treatment
should not exceed 1150 °F [620 °C]. Higher temperatures may result in rehardening due to untempered martensite in the
microstructure after cooling to room téniperature.

A7.39 E430. The weld metal depasited by these electrodes contains between 15 and 18 Cr (wt %). The composition is
balanced by providing sufficiedt.chromium to give adequate corrosion resistance for the usual applications and yet retain
sufficient ductility in the heat=treated condition to meet the mechanical requirements of the specification. (Excessive chromium
will result in lowered ductility.) Welding with E430 electrodes usually requires preheat and postheat. Optimum mechanical
properties and corrosidwresistance are obtained only when the weldment is heat treated following the welding operation.

A7.40 E430Nb. The composition of this weld metal is the same as that deposited by E430 electrodes, except for the
addition of niobium. The weld deposit is a ferritic microstructure with fine grains. Preheat and postweld heat treatments
are required)to achieve welds of adequate ductility for many engineering purposes. These electrodes are used for the
welding.of Type 430 stainless steel. They are also used for the first layer in the welding of Type 405 and 410 clad steels.

A7.41"E630. The nominal composition (wt %) of these electrodes is 16.4 Cr, 4.7 Ni, 3.6 Cu. These electrodes are
primarily designed for welding ASTM A 564, Type 630, and some other precipitation-hardening stainless steels. The weld
metal is modified to prevent the formation of ferrite networks in the martensite microstructure which could have a
deleterious effect on mechanical properties. Dependent on the application and weld size, the weld metal may be used
either as-welded; welded and precipitation hardened; or welded, solution treated, and precipitation hardened.

A7.42 E16-8-2. The nominal composition (wt %) of this weld metal is 15.5 Cr, 8.5 Ni, 1.5 Mo. These electrodes are
used primarily for welding stainless steel, such as Types 16-8-2, 316, and 347, for high-pressure, high-temperature
piping systems. The weld deposit usually has a Ferrite Number no higher than 5 FN. The deposit also has good, hot

ductility properties which offer relative freedom from weld or crater cracking even under high-restraint conditions. The
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weld metal is usable in either the as-welded or solution-treated condition. These electrodes depend on a very carefully

balanced chemical composition to develop their fullest properties. Corrosion tests indicate that Type 16-8-2 weld
metal may have less corrosion resistance than Type 316 base metal depending on the corrosive media. Where the weldment
is exposed to severely corrosive agents, the surface layers should be deposited with a more corrosion-resistant weld metal.

A7.43 E2209. The nominal composition (wt %) of this weld metal is 22.5 Cr, 9.5 Ni, 3 Mo, 0.15 N. Electrodes of this
composition are used primarily to weld duplex stainless steel such as UNS §31803 and S32205. They are also used for
lean duplex stainless steel such as UNS S32101 and S32304. Weld metal deposited by these electrodes has “duplex”
microstructure consisting of an austenite-ferrite matrix. Weld metal deposited by E2209 electrodes combines increased
tensile strength with improved resistance to pitting corrosive attack and to stress corrosion cracking. If postweld annealifig
is required this weld metal will require a higher annealing temperature than that required by the duplex base metal:

A7.44 E2307. The nominal composition (wt %) of this weld metal is 24 Cr, 8 Ni, 0.15 N. Electrodes of this classification
are used primarily for the welding of lean, low-molybdenum duplex stainless steels which include UNS S32101 and UNS
S§32304. Weld metal deposited by these electrodes has a “duplex” microstructure consisting of an austenite-ferrite matrix.
Weld metal deposited with E2307 electrodes combines increased strength and improved resistancé\o stress corrosion
cracking as compared to these properties in E308L and similar austenitic stainless steel weld metals'

A7.45 E2553. The nominal composition (wt %) of this weld metal is 25.5 Cr, 7.5 Ni, 3.4 Mo,\2 Cu, and 0.17 N. These
electrodes are used primarily to weld duplex stainless steels which contain approximately-25.-percent of chromium. Weld
metal deposited by these electrodes has a “duplex” microstructure consisting of an austenite-ferrite matrix. Weld metal
deposited by E2553 electrodes combines increased tensile strength with improved resistance to pitting corrosive attack
and to stress corrosion cracking.

A7.46 E2593. The nominal composition (wt %) of this weld metal is 25 Cr,\9.5 Ni, 3.4 Mo, 2.5 Cu, and 0.2 N. These
electrodes are used primarily to weld duplex stainless steels which contaifi approximately 25 percent chromium. Weld
metal deposited by these electrodes has a “duplex” microstructure consisting of an austenite-ferrite matrix. Weld metal
deposited by E2593 electrodes combines increased tensile strength ‘with improved resistance to pitting corrosive attack
and to stress corrosion cracking. If postweld annealing is reduired this weld metal will require a higher annealing
temperature than that required by the E2553 classification or the¢ duplex base metal.

A7.47 E2594. The nominal composition (wt %) of thisAyeld metal is 25.5 Cr, 10 Ni, 4 Mo, and 0.25 N. The sum of the
Cr+3.3 (Mo +0.5W)+16 N, known as the Pitting Resistance Equivalent Number (PRE,), is at least 40, thereby allowing
the weld metal to be called a “super-duplex stainless steel.” This number is a semi-quantitative indicator of resistance to
pitting in aqueous chloride-containing environments. It is designed for the welding of Type 2507 super-duplex stainless
steels UNS S32750 (wrought) and UNS J93404 (cast), and similar compositions. It can also be used for the welding of
carbon and low-alloy steels to duplex staidless steels as well as to weld “standard” duplex stainless steels such as Type
2205 although the weld metal impact toughness may be inferior to that from E2209 electrodes. If postweld annealing is
required, this weld metal will requireza higher annealing temperature than that required by the duplex base metal.

A7.48 E2595. The nominal composition (wt %) of this weld metal is 25.5 Cr, 9 Ni, 3.8 Mo, 0.7 Cu, 0.7 W, and 0.25 N.
The sum of the Cr + 3.3 (Mo 0.5 W) + 16 N, known as the Pitting Resistance Equivalent Number (PREN), is at least
40, thereby allowing the.weld metal to be called a “superduplex stainless steel.” This number is a semi-quantitative
indicator of resistance to pitting in aqueous chloride-containing environments. It is designed for the welding of superduplex
stainless steels UNS S32550, S32750, and S32760 (wrought), and UNS J93370, J93380, J93404, CD4MCuN (cast), and
similar composgitions. It can also be used for the welding of carbon and low-alloy steels to duplex stainless steels as well
as to weld “standard duplex stainless steel” such as UNS S31803 and UNS S32205.

A7.49 E3155. The nominal chemical composition of this weld metal is 21.25 Cr, 19.75 Co, 20 Ni, 3.0 Mo, 2.5 W. These
electrades are used primarily for welding parts fabricated from material of similar or dissimilar composition, particularly
whenvthe weld zone is required to have corrosion and heat resistance comparable to that of the parent metal. It is used in
derospace applications including tailpipes and tail cones, afterburner parts, exhaust manifolds, combustion chambers,
turbine blades, buckets, and nozzles. Its high-temperature properties are inherent and are not dependent upon age hardening.

A7.50 E33-31. The nominal chemical composition (wt %) of weld metal produced by electrodes of this classification is
31 Ni, 32 Fe, 33 Cr, 1.6 Mo, and low carbon. The filler materials are used for welding nickel-chromium-iron alloy (UNS
R20033) to itself, and to weld to carbon steel. The ASTM specifications for this alloy are B625, B649, B366, B472, B564,
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A8. Classification as to Usability

A8.1 Four basic usability classifications are provided in this specification, as shown in Table 2.

A8.2 The type of covering applied to a core wire to make a shielded metal arc welding electrode typically determines the
usability characteristics of the electrode. The following discussion of covering types is based upon terminology commonly
used by the industry; no attempt has been made to specifically define the composition of the different covering types.

A8.3 Usability Designation -15. The electrodes are usable with dcep (electrode positive) only. While use with alternating
current is sometimes accomplished, they are not intended to qualify for use with this type of current. Electrode sizes\5/32
in [4.0 mm] and smaller may be used in all positions of welding.

A8.4 Usability Designation -16. The covering for these electrodes generally contains readily ionizing eleménts, such as
potassium, in order to stabilize the arc for welding with alternating current. Electrode sizes 5/32 in [4.0 tam] and smaller
may be used in all positions of welding.

A8.5 Usability Designation -17. The covering of these electrodes is a modification of th€)-16 covering, in that
considerable silica replaces some of the titania of the -16 covering. Since both the -16 and the 17 electrode coverings
permit ac operation, both covering types were classified as -16 in the past because there wias'no classification alternative
until the 1992 revision of AWS A5.4. However, the operational differences between the twa'types have become significant
enough to warrant a separate classification.

On horizontal fillet welds, electrodes with a -17 covering tend to produce more of a spray arc and a finer rippled
weld-bead surface than do those with the -16 coverings. A slower freezing slag'ef the -17 covering also permits improved
handling characteristics when employing a drag technique. The bead shape jon horizontal fillets is typically flat to con-
cave with -17 covered electrodes as compared to flat to slightly conyex with -16 covered electrodes. When making
fillet welds in the vertical position with upward progression, the(Slower freezing slag of the -17 covered electrodes
requires a slight weave technique to produce the proper bead shape, For this reason, the minimum leg-size fillet that can
be properly made with a -17 covered electrode is larger than-that for a -16 covered electrode. While these electrodes
are designed for all-position operation, electrode sizes 3/16-1n' [4.8 mm] and larger are not recommended for vertical or
overhead welding.

A8.6 Usability Designation -26. This designation(is for those electrodes that are designed for flat and horizontal fillet
welding and that have limited out of position chatacteristics. In practice, most of these electrodes give higher deposition
rates than their all-positional counter-parts owing to their thicker coatings that contain higher levels of metal powders.
The thicker coating gives larger fillet welds that are typically flat to concave. It also reduces the effects of core wire
overheating, making 18 inch long electredes possible for the larger electrodes, even with stainless steel core wire. Higher
currents are usually required to achie¥e the necessary penetration compared to the all-positional types.

The slag system of these electrodes is similar to those of the -16 and -17 designations. The resulting slag may be more
fluid and even slower freezingthan that from electrodes with a -17 designation. Core wire compositions are typically
either Type 304L stainless Steel or low-carbon mild steel. Electrodes with the latter tend to have thicker coatings to
accommodate the necessary alloys in order to attain the required weld metal composition. Such electrodes require even
higher currents to compensate for the additional coating to be melted and the lower resistance of the core wire.

Electrodes with-the -26 designation are recommended for welding only in the flat and horizontal fillet positions. The
manufacturer’s'suggested operating currents should be consulted. Out of position welding may be possible with electrode
sizes up-t0.1/8 in [3.2 mm] diameter.

A9. Special Tests
A9.1 Corrosion or Scaling Resistance Tests

A9.1.1 Although welds made with electrodes covered by this specification are commonly used in corrosion-resisting
or heat-resisting applications, it is not practical to require tests for corrosion or scale resistance on welds or weld metal
specimens. Such special tests which are pertinent to the intended application may be conducted as agreed upon between
supplier and purchaser. This section is included for the guidance of those who desire to specify such special tests.
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A9.1.2 Corrosion or scaling tests of joint specimens have the advantage that the joint design and welding procedure

can be made identical to those being used in fabrication. They have the disadvantage of being a test of the combined
properties of the weld metal, the heat-affected zone of the base metal, and the unaffected base metal. Furthermore, it is
difficult to obtain reproducible data if a difference exists between the corrosion or oxidation rates of the various metal
structures (weld metal, heat-affected zone, and unaffected base metal). Test samples cannot be readily standardized if
welding procedure and joint design are to be considered variables. Joint specimens for corrosion tests should not be used
for qualifying the electrode but may be used for qualifying welding procedures using approved materials.

A9.1.3 All-weld-metal specimens for testing corrosion or scale resistance are prepared by following the procedure
outlined for the preparation of pads for chemical analysis (see Clause 10). The pad size should be at least 3/4 in [19 min]
in height by 2-1/2 in [65 mm] wide by 1 + 5/8n in [25 + 16n mm] long, where “n” represents the number of specitnens
required from the pad. Specimens measuring 1/2 x 2 x 1/4 in [13 x 50 X 6.4 mm] are machined from the top surface of
the pad in such a way that the 2 in [5S0 mm] dimension of the specimen is parallel to the 2-1/2 in [65 mm] widtlhrdimension
of the pad and the 1/2 in [13 mm] dimension is parallel to the length of the pad.

A9.1.4 The heat treatments, surface finish, and marking of the specimens prior to testing should b&dn accordance with
standard practices for tests of similar alloys in the wrought or cast forms. The testing procedure should correspond to the
ASTM G4, Standard Method for Conducting Corrosion Tests in Plant Equipment, or ASTM A262, Standard Practices
for Detecting Susceptibility to Intergranular Attack in Austenitic Stainless Steels, or ASTMUG48, Standard Test Methods
for Pitting and Crevice Corrosion Resistance of Stainless Steels and Related Alloys by Use of Ferric Chloride Solution.

A9.2 Mechanical Properties Tests for Dissimilar Metal Welds

A9.2.1 Tests for mechanical properties of joint specimens may be desired when the intended application involves the
welding of dissimilar metals. Procedures for the mechanical testing of suchjeints should be in accordance with the latest
edition of AWS B4.0 [AWS B4.0M], Standard Methods for MechanicalAesting of Welds.

A9.2.2 Tests of joint specimens may be influenced by the propefties of the base metal and welding procedures and
may not provide adequate tests of the weld metal. Such tests-should be considered as tests for qualifying welding
procedures using approved materials rather than tests for qualifying the electrodes.

A9.2.3 Where fabrication codes require tests of welds i heat-treated conditions other than those specified in Table 6,
all-weld-metal tests of heat-treated specimens may beldesired. For the preparation of such specimens, the procedures
outlined in Clause 12, Tension Test, and Clause 13/F1llet Weld Test, should be followed.

A9.3 Impact Property Tests for Welds Intended for Cryogenic Service

A9.3.1 Fully austenitic stainless steel weld metals are known to possess excellent toughness at cryogenic temperatures
such as —320 °F [-196 °C]. To ensure freédom from brittle failure, Section VIII of the ASME Boiler and Pressure Vessel
Code requires weldments intended for* cryogenic service be qualified by Charpy V-notch testing. The criterion for
acceptability is the attainment of a\ldteral expansion opposite the notch of not less than 15 mils (0.015 in) [0.38 mm] for
each of three specimens.

A9.3.2 Austenitic stainless steel weld metals usually are not fully austenitic but contain some delta ferrite. Delta
ferrite is harmful to cryegenic toughness. However, fully austenitic weld metal has a greater susceptibility to hot cracking
(see A6). It has been.found that such weld metals require judicious compositional balances to meet the 15 mils [0.38 mm]
lateral expansion.ctiterion even at moderately low temperatures such as —150 °F [-100 °C].

A9.3.3 Electrode classifications which can be used if special attention is given to the weld deposit composition
content to maximize toughness are E308L-XX, E316L-XX, and E316LMn-XX. Published studies of the effect of
compgsition changes on weldment toughness properties for these types have shown the following:

A9.3.3.1 Both carbon and nitrogen contents have strong adverse effects on weld metal toughness so that their
¢ontents should be minimized. Low-carbon weld metals with nitrogen content below 0.06 percent are preferred.

A9.3.3.2 Nickel appears to be the only element whose increased content in weld metal improves weld metal
toughness.

A9.3.3.3 Delta ferrite is harmful; therefore, minimizing ferrite in weld metal (3 FN maximum) is recommended.
Weld metal free of ferrite (fully austenitic) is preferred; the more austenitic, the better.
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A9.3.3.4 Fully austenitic E316L weld metal appears to be the preferred composition because of the ease in

achieving ferrite-free weld metal, while compositionally conforming to AWS A5.4 and retaining crack resistance.

A9.3.3.5 Lime-covered, typically the -15 classification type, electrodes tend to produce weldments having slightly
superior lateral expansion values for Charpy V-notch impact specimens than titania-covered, typically -16, -17, and -26
classification type, electrodes when weld metal composition factors are essentially the same. This appears to be due to
two factors:

A9.3.3.5.1 Lime-covered SMAW electrodes usually provide better protection from nitrogen incursion intq_the
weld metal than that provided by titania-covered electrodes. Nitrogen, as noted above, has significantly adverse effects
on weld toughness.

A9.3.3.5.2 Lime-covered SMAW electrodes appear to produce weld metals of lower oxygen levels.and inclusion
population, i.e., cleaner weld metal, or both. The above suggestions are particularly important whef the intended
application involves very-low temperatures such as —320 °F [-196 °C].

A9.3.4 Limited SMAW electrode weld metal data have indicated that welding in the vertical position, as compared to
flat position welding, does not reduce toughness properties, providing good operator’s techniqti€ is employed.

A9.3.5 Where cryogenic service below —150 °F [-100 °C] is intended, it is recommended that each lot of electrodes
be qualified with Charpy V-notch impact tests. When such tests are required, the testspeeimens must be taken from a test
plate prepared in accordance with Figure 2. The impact specimens must be located.in the test plate as shown in Figure
A.4. The specimens must be prepared and tested in accordance with the impact test sections of the latest edition of AWS
B4.0 [AWS B4.0M], Standard Methods for Mechanical Testing of Welds. The test temperature must be selected on the
basis of intended service.

A10. Discontinued Classifications

Some classifications have been discontinued from one reyisien of this specification to another. This results either from
changes in commercial practice or changes in the classification system used in the specification. The Classifications that
have been discontinued are listed in Table A.2 along with the year in which they were last included in this specification.

All. General Safety Considerations

A11.1 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 Annex Clause AS. Safety and health information is available
from other sources, including, buthot limited to Safety and Health Fact Sheets listed in A11.3, ANSI Z49.1 Safety in
Welding, Cutting, and Allied Processes,"* and applicable federal and state regulations.

A11.2 Safety and Health.Fact Sheets. The Safety and Health Fact Sheets listed below are published by the American
Welding Society (AWS). They may be down-loaded and printed directly from the AWS website at http://www.aws.org.
The Safety and Health Fact Sheets are revised and additional sheets added periodically.

14 ANSI Z49.1 is published by the American Welding Society, 8669 Doral Blvd., Suite 130, Doral, FL 33166.
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Note: Specimen size to be in accordance with AWS B4.0 or AWS B4.0M, Standard Methods for Mechanical Testing of Welds.

a |f buttering is used in preparation of the test plate (see Figure 2) the T/2 dimension may need to be reduced to assure that none of the
buttering becomes part of the notch area of the impact specimen.

Figure A.4—Orientation and Location of Optional Impact Specimen

Table A.2
Discontinued Classifications?
AWS Classification Last A5.4 Publication Date

EXXX-25 1948, 19920
EXXX-26 1948¢
E308ELC-XX 19554
E316ELC-XX 19554
E502-XX 1992¢
E505-XX 1992f
E7Cr-XX 1992¢
E308MoL-XX 1992h
E309MoL-XX 19920
E309Cb-XX 1992i
E310Cb-XX 19921

*See A10, Discontinued Classificdtions (in Annex A).

® The -25 classifications were discontinued with the publication of the 1955
edition of A5.4, included ‘dgain in the 1992 edition, and then discontinued
again in the 2006 editien,

¢ The -26 classificatiogs-were discontinued with the publication of the 1955
edition of AS5.4 andthen were included again in the 1992 edition.

d Starting withth€'1962 edition of A5.4, the designator suffix for the low-carbon
classifications was changed from “ELC” to “L.” Thus the E308 ELC-XX and
E316ELC-XX classifications were not really discontinued; they became
E3081-XX and E316L-XX, respectively.

¢ This classification was transferred to ANSI/AWS A5.5 in 1996 with the new
désignation E801X-B6 and ES801X-B6L.

f This classification was transferred to ANSI/AWS A5.5 in 1996 with the new
designation E801X-B8 and E801X-BSL.

¢ This classification was transferred to ANSI/AWS AS5.5 in 1996 with the new
designation E801X-B7and E801X-B7L.

" These two classifications were not really discontinued but were changed to
E308LMo-XX and E309LMo-XX to reflect that the “L” for low carbon is the
principal modifying suffix.

" These two classifications were not really discontinued but were changed to
E309Nb-XX and E310Nb-XX to reflect the adoption of Nb for niobium
instead of Cb for columbium.
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A11.3 AWS Safety and Health Fact Sheets Index (SHF)'3
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Title

Fumes and Gases

Radiation

Noise

Chromium and Nickel in Welding Fume
Electric Hazards

Fire and Explosion Prevention

Burn Protection

Mechanical Hazards

Tripping and Falling

Falling Objects

Confined Space

Contact Lens Wear

Ergonomics in the Welding Environment
Graphic Symbols for Precautionary Labels
Style Guidelines for Safety and Health Documents
Pacemakers and Welding

Electric and Magnetic Fields (EMF)
Lockout/Tagout

Laser Welding and Cutting Safety,

Thermal Spraying Safety

Resistance Spot Welding

Cadmium Exposure from\Welding & Allied Processes
California Propositien 65

Fluxes for Ar¢Welding and Brazing: Safe Handling and Use

Metal Fume Fever
Are Kiewing Distance

Thoriated Tungsten Electrodes

Oxyfuel Safety: Check Valves and Flashback Arrestors
Grounding of Portable and Vehicle Mounted Welding Generators

Cylinders: Safe Storage, Handling, and Use

Eye and Face Protection for Welding and Cutting Operations
Personal Protective Equipment (PPE) for Welding & Cutting

Coated Steels: Welding and Cutting Safety Concerns
Ventilation for Welding & Cutting
Selecting Gloves for Welding & Cutting

15 AWS standards are published by the American Welding Society, 8669 Doral Blvd., Suite 130, Doral, FL 33166.
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Annex B (Informative)
Requesting an Official Interpretation
on an AWS Standard

This annex is not part of AWS A5.4/A5.4M:2012, Specification for Stainless Steel Electrodes for Shielded
Metal Arc Welding, but is included for informational purposes only.

B1. Introduction

The following procedures are here to assist standard users in submitting successful requests for official ifitefpretations to
AWS standards. Requests from the general public submitted to AWS staff or committee members thagdonot follow these
rules may be returned to the sender unanswered. AWS reserves the right to decline answering spe€ific requests; if AWS
declines a request, AWS will provide the reason to the individual why the request was declinedt

B2. Limitations

The activities of AWS technical committees regarding interpretations are limitedhsttictly to the interpretation of provi-
sions of standards prepared by the committees. Neither AWS staff nor the committees are in a position to offer interpre-
tive or consulting services on (1) specific engineering problems, (2) requiréments of standards applied to fabrications
outside the scope of the document, or (3) points not specifically coveted by the standard. In such cases, the inquirer
should seek assistance from a competent engineer experienced in the{particular field of interest.

B3. General Procedure for all Requests

B3.1 Submission. All requests shall be sent to the-Managing Director, AWS Standards Development. For efficient
handling, it is preferred that all requests should be submitted electronically through standards@aws.org. Alternatively,
requests may be mailed to:

Managing Director
Standards Development
American Welding Society
8669 NW 36 St, # 130
Miami, FL 33166

B3.2 Contact Informationt All inquiries shall contain the name, address, email, phone number, and employer of the
inquirer.

B3.3 Scope. Each inquiry shall address one single provision of the standard unless the issue in question involves two or
more interrelatedprovisions. The provision(s) shall be identified in the scope of the request along with the edition of the
standard (e.g.,\D.1.1:2006) that contains the provision(s) the inquirer is addressing.

B3.4 Question(s). All requests shall be stated in the form of a question that can be answered “yes” or “no”. The request
shall be ¢oncise, yet complete enough to enable the committee to understand the point of the issue in question. When the
poiit is not clearly defined, the request will be returned for clarification. Sketches should be used whenever appropriate,
and'all paragraphs, figures, and tables (or annexes) that bear on the issue in question shall be cited.
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B3.5 Proposed Answer(s). The inquirer shall provide proposed answer(s) to their own question(s).

B3.6 Background. Additional information on the topic may be provided but is not necessary. The question(s) and
proposed answer(s) above shall stand on their own without the need for additional background information.

B4. AWS Policy on Interpretations

The American Welding Society (AWS) Board of Directors has adopted a policy whereby all official interpretations of
AWS standards are handled in a formal manner. Under this policy, all official interpretations are approved by thetechni-
cal committee that is responsible for the standard. Communication concerning an official interpretation is directed through
the AWS staff member who works with that technical committee. The policy requires that all requests forsan official
interpretation be submitted in writing. Such requests will be handled as expeditiously as possible, but dugto the proce-
dures that must be followed, some requests for an official interpretation may take considerable time fo complete.

BS5. AWS Response to Requests

Upon approval by the committee, the interpretation is an official interpretation of the Society, and AWS shall transmit the
response to the inquirer, publish it in the Welding Journal, and post it on the AWS website.

B6. AWS Technical Committees

Telephone inquiries to AWS Headquarters concerning AWS standapds$hould be limited to questions of a general nature
or to matters directly related to the use of the standard. The AWSBoard Policy Manual requires that all AWS staff mem-
bers respond to a telephone request for an official interpretation™of any AWS standard with the information that such an
interpretation can be obtained only through a written request: Headquarters staff cannot provide consulting services.
However, the staff can refer a caller to any of those consultants whose names are on file at AWS Headquarters.
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SPECIFICATION FOR LOW-ALLOY STEEL ELECTRODES
FOR SHIELDED METAL ARC WELDING

@g@ SFA-5.5/SFA-5.5M

®

(Identical with AWS Specification A5.5/A5.5M:2022. In case of dispute, the original AWS text applies.)

(23)
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T

Shielded Metal Arc Welding

1. Scope

1.1. This specification prescribes requirements for the classification of low-alloy steel electrodes for shielded metaliare
welding of carbon and low-alloy steels. The weld metal deposited by these electrodes are steel alloys in which ngsingle
alloying element exceeds 10.5 percent.

In addition to the low-alloy steel electrodes above, this specification also prescribes the requirements for the classification
of austenitic, high manganese steel electrodes having weld metal with nominally 20% Mn.

1.2. This specification makes use of both U.S. Customary Units and the International Systeta jof 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 designated AS.5 uses U.S. Customary
Units. The specification designated A5.5M uses SI Units. The latter units are shown withinbrackets [ ] 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 A5.5 or A5.5M specification.

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 andhealth information can be found in Annex A,
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 AlliedRrocesses

(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:eéquipment manufacturers
Applicable Regulatory Agencies,

Work performed in accordafce 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.
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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

AWS A4.3 ADDI, Standard Methods for Determination of the Diffusible Hydrogen Content of Martensitic, Bainitic,
and Ferritic Steel Weld Metal Produced by Arc Welding

AWS A4.4M, Standard Procedure for Determination of Moisture Content of Welding Fluxes and Welding Electrode,
Flux Coatings

AWS A4.5M/A4.5, Standard Methods for Classification Testing of Positional Capacity and Root Penetration of
Welding Consumables in a Fillet Weld

AWS A5.01M/A5.01, 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
AWS B4.0, Standard Methods for Mechanical Testing of Welds
American National Standards Institute (ANSI) documents:
ANSI Z49.1, Safety in Welding, Cutting, and Allied Processes
ASTM International (ASTM) documents:
ASTM A29/A29M, Standard Specification for General Requirements for Steel Bars, Carbon and Alloy, Hot-Wrought
ASTM A36/A36M, Standard Specification for Carbon Structural Steeél
ASTM A203/A203M, Standard Specification for Pressure Vessél Plates, Alloy Steel, Nickel
ASTM A204/A204M, Standard Specification for Pressure Vessel Plates, Alloy Steel, Molybdenum
ASTM A242/A242M, Standard Specification for High=Strength Low-Alloy Structural Steel
ASTM A283/A283M, Standard Specification for Liow and Intermediate Tensile Strength Carbon Steel Plates

ASTM A302/A302M, Standard Specification_for Pressure Vessel Plates, Alloy Steel, Manganese-Molybdenum, and
Manganese-Molybdenum-Nickel

ASTM A352/A352M, Standard Specification for Steel Castings, Ferritic and Martensitic, for Pressure-Containing
Parts, Suitable for Low-TemperaturdService

ASTM A387/A387M, Standard\Specification for Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum

ASTM A514/A514M, Standard Specification for High-Yield-Strength, Quenched and Tempered, Alloy Steel Plate,
Suitable for Welding

ASTM AS516/A516M;- Standard Specification for Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-
Temperature Service

ASTM ASL7/AS517M, Standard Specification for Pressure Vessel Plates, Alloy Steel, High-Strength, Quenched and
Tempered

ASTMJAS533/A533M, Standard Specification for Pressure Vessel Plates, Alloy Steel, Quenched and Tempered,
Manganese-Molybdenum, and Manganese-Molybdenum-Nickel

ASTM A537/A537M, Standard Specification for Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-Silicon
Steel

ASTM A543/A543M, Standard Specification for Pressure Vessel Plates, Alloy Steel, Quenched and Tempered Nickel-
Chromium-Molybdenum

ASTM AS588/AS588M, Standard Specification for High-Strength Low-Alloy Structural Steel with 50 ksi [345 MPa]
Minimum Yield Point to 4-in. [100-mm] Thick

ASTM A709/A709M, Standard Specification for Carbon Structural Steel for Bridges
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ASTM A1106, Standard Specification for Pressure Vessel Plate, Alloy Steel, Austenitic High Manganese for Cryogenic

Application
ASTM E23, Standard Test Methods for Notched Bar Impact Testing of Metallic Materials
ASTM E29, Standard Practice for Using Significant Digits in Test Data to Determine Conformance with Specifications

ASTM E350, Standard Test Methods for Chemical Analysis of Carbon Steel, Low-Alloy Steel, Silicon Electrical Steel,
Ingot Iron and Wrought Iron

ASTM E353, Standard Test Methods for Chemical Analysis of Stainless, Heat-Resisting, Maraging, and Other Similar
Chromium-Nickel-Iron Alloys

ASTM E1032, Standard Test Method for Radiographic Examination of Weldments

ASTM E2033, Standard Practice for Radiographic Examination Using Computed Radiography (Photostimulable
Luminescence Method)

ASTM E2698, Standard Practice for Radiographic Examination Using Digital Detector Arrays
International Organization for Standardization (ISO) documents:

ISO 80000-1, Quantities and units—Part 1: General.
United States Department of Defense (DODSSP) publications:

NAVSEA Technical Publication T9074-BD-GIB-010/0300, Base Materials for. Critical Applications: Requirements
for Low Alloy Steel Plate, Forgings, Castings, Shapes, Bars, and Heads of HY-80/100/130 and HSLA-80/100

MIL-E-22200/1, Military Specification: Electrodes, Welding, MinerabCovered, Iron-Powder, Low-Hydrogen Medium
and High Tensile Steel, As Welded or Stress-Relieved Weld Application

MIL-E-22200/10, Military Specification: Electrodes, Welding) Mineral Covered, Iron-Powder, Low-Hydrogen
Medium, High Tensile and Higher-Strength Low Alloy Steefts

American Petroleum Institute (API) standard:

Specification 5L, Line Pipe

3. Classification

3.1 The welding electrodes covered by the A5.5 and A5.5M specifications utilize a classification system (shown in
Figure 1) based upon U.S. Customary Units and the International System of Units (SI), respectively, and are classified
according to:

(1) Type of current (Table +)

(2) Type of covering\(Table 1)

(3) Welding position (Table 1)

(4) Chemigalycomposition of the weld metal (Table 2)

(5) Mechanical properties of the weld metal in the as-welded or postweld heat treated condition (Tables 3 and 4)

3.2 Electrodes classified under one classification shall not be classified under any other classification in this specification,
exéept that an electrode may be classified with both a defined chemical composition designator and a “-G” composition
designator. Also, an electrode may be classified under both AS.5 and A5.5M specifications.

3.3 Electrodes may be classified under A5.5 using U.S. Customary Units or under A5.5M using the International System
of Units (SI), or they may be classified under both systems. Electrodes classified under either classification system must
meet all requirements for classification under that system. The classification system is shown in Figure 1.
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Mandatory Classification Designators?

E XX XX -X

EXX XXM
E XX XX M1
E XX XXM HZ
E XX XX M1 HZ

EXXXX-XHZR

I

Designates an electrode. This designator may be deleted from the product imprint required
for the identification of the electrode.

Two (or three) digits are used for AWS A5.5 to designate in ksi, or for A5.5M to designate

in MPa divided by 10, the minimum tensile strength of the weld metal produced in accordance
with the test assembly preparation procedure of this specification (see Table 3).

Example: E8018-C1 is an electrode with a tensile strength of 80,000 psi.

[E5518-C1 is an electrode with a tensile strength of 550 MPa].

Designates the welding position in which electrodes are usable, the type of covering.and
the kind of current for which the electrodes are suitable (see Table 1). Example:ifnthe
E8018-C1 [E5518-C1] classification referenced above, the “18” designates a low?*
hydrogen, basic coated iron powder electrode capable of welding in all positions using
ac and dc electrode positive.

Designates the chemical composition of the undiluted weld metalproduced by the
electrode using shielded metal arc welding (see Table 2). Exaniplé: In the E8018-CA
[E5518-C1] classification referenced above, the “C1” designates+an electrode capable of
depositing weld metal containing 2.00 to 2.75% nickel.

Designates an electrode E(X)XX18NM(1)'[EXX18M(1)] intended to meet most requirements
for military specifications (greatef teughness, yield strength, and elongation) (see Tables 3
and 4). Example: E11018M [E7618M].

Optional Suppleniental Designators®

Designates that the electrodes meet the requirements of the absorbed moisture test
(an optionalsupplemental test for all low hydrogen electrodes) (see Table 11). Example:
E8018-CT)RJE5518-C1 R].

Designates that the electrode meets the requirements of the diffusible hydrogen test
(an optional supplemental test of the weld metal from low-hydrogen electrodes) for
electrodes in the as received or conditioned state, with an average diffusible hydrogen
content not exceeding “Z” mL/100 g of deposited metal, where “Z” is 4, 8, or 16 (see
Table 12). Example: E8018-C1 H8 [E5518-C1 H8]. In this case, the electrode will give a
maximum of 8 mL of hydrogen per 100 g of deposited metal when tested in accordance
with this specification.

@ The combination of these designators constitutes the electrode classification.
® These designators ate optional and do not constitute a part of the electrode classification.

Figure 1—Order of Electrode Mandatory and Optional Supplemental Designators
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Tabla 1

Tawviv 1

Electrode Classification

AWS Classification® . Welding Positions for c
T ASSM Type of Covering Classification” Type of Current
E7010-X E4910-X High cellulose sodium F,V, OH, H dcep
E7011-X E4911-X High cellulose F,V, OH, H ac, deep
potassium
E7015-Xde E4915-X4e Low hydrogen sodium F, V, OH, H dcep
E7016-X¢ E4916-Xd< Low hydrogen F,V,OH, H ac, deep
potassium
Q"
E7018-Xde E4918-Xde Lowhydrogen F,V, OH, H ac, dép)
potassium, iron powder Yol
E7020-X E4920-X High iron oxide H-fillets ag, dcen
F ac, deep, deen
High iron oxide, iron
E7027-X E4927-X - H-fillet ac, dcen
powder
F (\%\ ac, dcep, deen
E8010-X E5510-X High cellulose sodium F,V,OH, K dcep
E8011-G ES511-G High cellulose F, \({Q%)H ac, deep
potassium 7
E8013-G E5513-G High titania potassium E.V, OH, H ac, dcep, decen
E8015-X¢4° E5515-X4e Low hydrogen sodium AQ\\:, V, OH, H dcep
E8016-X¢ E5516-X¢¢ Low hydrogen F,V,OH, H ac, deep
potassium
E8018-X¢ E5518-Xd Low hﬁ@ ; F,V, OH, H ac, deep
potassium, iro der
E8045-Xd° E5545-Xd° Low hydregen sodium F, OH, H, V-down dcep
E9010-X E6210-X High €ellulose sodium F,V, OH, H deep
E9011-G E6211-G High cellulose F,V,OH, H ac, deep
potassium
E9013-G E6213-G x\}\\{igh titania potassium F,V, OH, H ac, dcep, dcen
E9015-Xd¢ E6215-Xd¢ Low hydrogen sodium F,V,0OH, H deep
\\
E9016-Xd* E6216§;\' LT E,V,OH, H ac, deep
P potassium
E9018-Xde E6218-Xde Lowhydrogen F,V, OH, H ac, deep
potassium, iron powder
A\
E9018M¢d< e E6218Mee Lo BT 2 lf"w lgeiso- F,V,OH, H deep
RS gen
E9045-Xde E6245-Xde Low hydrogen sodium F, OH, H, V-down dcep
EIOOIO-AG\’ . E6910-G High cellulose sodium F, V, OH, H decep
E100{1-6 E6911-G High cellulose F,V, OH, H ac, deep
potassium
-@ 10013-G E6913-G High titania potassium F,V, OH, H ac, dcep, dcen
B10015-X%¢ E6915-Xd° Low hydrogen sodium F,V,0OH, H dcep
\&\) E10016-X%¢ E6916-Xd Low hydrogen F,V, OH, H ac, deep
B potassium
E10018-X¢¢ E6918-Xde Lowhydrogen F,V,OH, H ac, deep
potassium, iron powder
E10018Md* E6918Md fron pOWd;nlf’W hydro- F,V, OH, H deep
E10045-Xde E6945-Xd¢ Low hydrogen sodium F, OH, H, V-down deep

(Continued)
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Talbla 1 (O anmtinm. o

PAAY
Tavicv 1 \\JUI 1190 |ucu’

Electrode Classification

AWS Classification® . Welding Positions for R
A5S ASSM Type of Covering Classification® Type of Current
E11010-G E7610-G High cellulose sodium F,V, OH, H dcep
E11011-G E7611-G High cellulose F,V,OH, H ac, deep
potassium
E11013-G E7613-G High titania potassium E,V,OH, H ac, dcep, deeh, N
E11015-G4¢ E7615-Gd< Low hydrogen sodium F,V,OH, H dcep
E11016-X%¢ E7616-Xt¢ LTI e F,V, OH, H %zﬂcep
potassium .
E11018-Xe E7618-X%¢ Low hydrogen E,V,OH, H ac, dcep

potassium, iron powder"

N\
E11018Mde E7618Md fron pOWd;nlfOW ydro- F,V, OH, H Q/Q) deep
N
E12010-G E8310-G High cellulose sodium F, V, Ol H dcep
. 4
E12011-G E8311-G sfign callinloss F, V,\(%t H ac, dcep
potassium C,

E12013-G E8313-G High titania potassium F,V, OH, H ac, dcep, dcen
E12015-Gd® E8315-Gd< Low hydrogen sodium () “F,V, OH, H deep
E12016-Gde E8316-Gde Low hydrogen F,V, OH, H ac, dcep

potassmm
A 4
E12018-Gee E8318-Gde Low hyds . F,V, OH, H ac, dcep
potassium, ir wder
E12018M¢ E8318M¢s fron pow“;gnlfow hydro- F,V, OH, H deep
E12018M1% E8318M 14 e p%d;nlfow hydro- F,V, OH, H deep

~

. The letter “X” in the composition designator position (sée Figure 1) as used in this table and elsewhere in this specification stands for any allowable
value of the designator not otherwise individually listed.
. The abbreviations F, H, H-fillets, V, V-down, and‘OH indicate the welding position, as follows:
F = Flat
H = Horizontal
H-fillets = Horizontal fillets
V = Vertical (For electrodes 3/16.in{5.0 mm] and under, except 5/32 in [4.0 mm] and under for classification E(X)XX15-X, E(X)XX16-X, E(X)
XX18-X)
V-down = vertical, with downward progression
OH = overhead (For eleetrodes 3/16 in [5.0 mm] and under, except 5/32 in [4.0 mm] and under for classifications E(X)XX15-X, E(X)XX16-X,
E(X)XX18-X)
. The term “dcep” refers foydirect current, electrode positive (dc, reverse polarity). The term “dcen” refers to direct current, electrode negative (dc,
straight polarity).
. Electrodes classified-ds E(X)XX15-X, E(X)XX16-X, E(X)XX18-X, E(X)XX18M(1) or E(X)XX45-X which meet the supplemental absorbed mois-
ture requirements in Table 11 may be further identified as shown in Table 11 and Figure 1.
. Electrodes-classified as E(X)XX15-X, E(X)XX16-X, E(X)XX18-X, E(X)XX18M(1) or E(X)XX45-X which produce weld metal that meets the
maximum ayerage level of diffusible hydrogen in Table 12 may be further identified as specified in Table 12 and Figure 1.
. Use ofithé term “iron powder” is intended to include other metal powders added to the covering for alloying of the weld metal (See A6.14).
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Tabhla 2

TAaviC J

Tension Test Requirements®®

Yield Strength,
AWS Classification® Tensile Strength At 0.2% Offset Elongation
Postweld
A55 A55M ksi MPa ksi MPa Percent Condition?
E7010-P1 E4910-P1 70 490 60 415 22 AW
E7010-Al E4910-A1 70 490 57 390 22 PWHT
E7010-G E4910-G 70 490 57 390 22 AW or PWHT
E7011-Al E4911-Al 70 490 57 390 22 PWHT
E7011-G E4911-G 70 490 57 390 22 AW or PWHT
E7015-X E4915-X 70 490 57 390 22 PWHT
E7015-B2L E4915-B2L 75 520 57 390 19 PWHT
E7015-G E4915-G 70 490 57 390 22 AW.or PWHT
E7016-X E4916-X 70 490 57 390 22 PWHT
E7016-B2L E4916-B2L 75 520 57 390 19 PWHT
E7016-C6 E4916-C6 70 490 57 390 22 AW
E7016-G E4916-G 70 490 57 390 22 AW or PWHT
E7018-X E4918-X 70 490 57 390 22 PWHT
E7018-B2L E4918-B2L 75 520 57 390 19 PWHT
E7018-C3L E4918-C3L 70 490 57 390 22 AW
E7018-W1 E4918-W1 70 490 60 415 22 AW
E7018-G E4918-G 70 490 57 390 22 AW or PWHT
E7020-A1 E4920-A1 70 490 57 390. 22 PWHT
E7020-G E4920-G 70 490 57 390 22 AW or PWHT
E7027-A1 E4927-A1 70 490 57 390 22 PWHT
E7027-G E4927-G 70 490 57 390 22 AW or PWHT
E8010-P1 E5510-P1 80 550 67 460 19 AW
E8010-G E5510-G 80 550 67 460 19 AW or PWHT
E8011-G ES511-G 80 550 67 460 19 AW or PWHT
E8013-G E5513-G 80 550 67 460 16 AW or PWHT
E8015-X ES5515-X 80 550 67 460 19 PWHT
E8015-B3L E5515-B3L 80 550 67 460 17 PWHT
E8015-G ES5515-G 80 550 67 460 19 AW or PWHT
E8016-X E55516-X 80 550 67 460 19 PWHT
E8016-C3 ES5516-C3 80 550 68 to 80° 470 to 550° 24 AW
E8016-C4 E5516-C4 80 550 67 460 19 AW
E8016-G E5516-G 80 550 67 460 19 AW or PWHT
ES8016-C7 E5516-C7 80 550 67 460 19 AW
E8018-X ES518-X 80 550 67 460 19 PWHT
E8018-B3L E5518-B3L 30 550 67 460 17 PWHT
E8018-C3 E5518-C3 80 550 68 to 80° 470 to 550° 24 AW
E8018-C4 E5518-C4 80 550 67 460 19 AW
E8018-NM1 ESS18-NM| 80 550 67 460 19 AW
E8018-P2 E5518<P2 80 550 67 460 19 AW
E8018-W2 ES518-W2 80 550 67 460 19 AW
E8018-G BS518-G 80 550 67 460 19 AW or PWHT
E8045-P2 ES5545-P2 80 550 67 460 19 AW
ES8045-G E5545-G 80 550 67 460 19 AW or PWHT
E9010-P1, E6210-P1 90 620 77 530 17 AW
E90104G E6210-G 90 620 77 530 17 AW or PWHT
E90(1~G E6211-G 90 620 77 530 17 AW or PWHT
EQOI3-G E6213-G 90 620 77 530 14 AW or PWHT
E9015-X E6215-X 90 620 77 530 17 PWHT
E9015-G E6215-G 90 620 77 530 17 AW or PWHT
E9016-X E6216-X 90 620 77 530 17 PWHT
E9016-G E6216-G 90 620 77 530 17 AW or PWHT
E9018M E6218M 90 620 78 to 90¢ 540 to 620° 24 AW

(Continued)
AN 7
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Tension Test Requirements?®

Yield Strength,

AWS Classification® Tensile Strength At 0.2% Offset Elongation Postweld
AS.5 AS5SM ksi MPa ksi MPa Percent Condition?

E9018-NM?2 E6218-NM2 90 620 77 530 17 PWHT
E9018-P2 E6218-P2 90 620 77 530 17 AW
E9018-X E6218-X 90 620 77 530 17 PWHT
E9018-G E6218-G 90 620 77 530 17 AW or PWHT
E9045-P2 E6245-P2 90 620 77 530 17 AW
E9045-G E6245-G 90 620 77 530 17 AWior PWHT
E10010-G E6910-G 100 690 87 600 16 AW or PWHT
E10011-G E6911-G 100 690 87 600 16 AW or PWHT
E10013-G E6913-G 100 690 87 600 13 AW or PWHT
E10015-X E6915-X 100 690 87 600 16 PWHT
E10015-G E6915-G 100 690 87 600 16 AW or PWHT
E10016-X E6916-X 100 690 87 600 16 PWHT
E10016-G E6916-G 100 690 87 600 16 AW or PWHT
E10016-Mn2 E6916-Mn2 100 690 58 400 22 AW
E10016-NM3 E6916-NM3 100 690 87 600 16 AW
E10016-NM5 E6916-NM5 100 690 87 600 16 Aw
E10018M E6918M 100 690 88 to 100° 610 to 690° 20 AW
E10018-Mn2 E6918-Mn2 100 690 58 400 22 Aw
E10018-X E6918-X 100 690 87 600 16 PWHT
E10018-G E6918-G 100 690 87 600 16 AW or PWHT
E10045-P2 E6945-P2 100 690 87 600 16 AW
E10045-G E6945-G 100 690 87 600 16 AW or PWHT
E11016-NM6 E7616-NM6 110 760 97 670 15 Aw
E11016-NM7 E7616-NM7 110 760 97 670 15 AW
E11018-NM8 E7618-NM$§ 110 760 97 670 15 AW
E11010-G E7610-G 114 760 97 670 15 AW or PWHT
E11011-G E7611-G 110 760 97 670 15 AW or PWHT
E11013-G E7613-G 110 760 97 670 13 AW or PWHT
E11015-G E7615-G 110 760 97 670 15 AW or PWHT
E11016-G E7616-G 110 760 97 670 15 AW or PWHT
E11018-G E7618-G 110 760 97 670 15 AW or PWHT
E11018M E7618M 110 760 98to 110° 680 to 760° 20 AW
E12010-G E8310-G 120 830 107 740 14 AW or PWHT
E12011-G E8311-G 120 830 107 740 14 AW or PWHT
E12013-G E8313-G 120 830 107 740 11 AW or PWHT
E12015-Gl E8315-G 120 830 107 740 14 AW or PWHT
E12016*G E8316-G 120 830 107 740 14 AW or PWHT
E12018-G E8318-G 120 830 107 740 14 AW or PWHT
E12018M E8318M 120 830 108 to 120° 745 to 830° 18 AW
E12018M1 E8318M1 120 830 108 to 120° 745 to 830° 18 AW

NOTES:

a. See Table 5 for sizes to be tested

b. Single values are minima

c. The letter “X” in the composition designator position (See Figure 1), as used in this table, represents the designators not otherwise individually listed
which are tested in the PWHT condition only.

d. “AW” signifies as-welded, which may or may not have been aged, at the manufacturer’s option(see 12.2). “PWHT” signifies postweld heat treated,
as specified in 9.4.1.1 and in Table 7, except that the “G” designated classifications, marked as “AW” or “PWHT” in this table may have weld metal

- el . RO q do e 4l 1 4 1.
st W o wiHTout T VW I 1, as agreCa P o oetwe eI e purenascranasupprrer:

e. For 3/32 in [2.5 mm)] electrodes, the upper value for the yield strength may be 5 ksi [35 MPa] higher than the indicated value.
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Tabla-4

Tavicv =

Charpy V-Notch Impact Test Requirements

AS.5 Classification AS5.5M Classification
AWS AWS
Classification® Limits for 3 out of 5 Specimens” ¢ ¢ Classification Limits for 3 out of 5 Specimens” ¢ ¢
AS.5 Single Value, AS5.5M Average, A5.5M Single
AS5.5 A5.5 Average, minimum* minimum?® AS55M minimum¢® Value, minimum¢
E7018-W1 20 ftelbf at 0 °F 15 ftelbf at 0 °F E4918-W1 27 Jat -20 °C 20 Jat -20 °C
E8018-W2 20 ftelbf at 0 °F 15 ftelbf at 0 °F E5518-W2 27 Jat-20 °C 20 J at -20°¥€
E9016-NM4 20 fielbf at 0 °F 15 ftelbf at 0 °F E6216-NM4 27 Jat-20 °C 20J at 20°°C
E10016-NM3 20 ftelbf at 0 °F 15 ftelbf at 0 °F E6916-NM3 27 Jat-20 °C 20-J ar-20 °C
E11016-NM6 20 ftelbf at 0 °F 15 fielbf at 0 °F E7616-NM6 27 Jat-20 °C 20 J at -20 °C
E12018M1 50 ftelbf at O °F 40 ftelbf at 0 °F E8318M1 67 Jat 20 °C 54 J at-20 °C
E7010-P1 20 ftelbf at -20 °F 15 ftelbf at -20 °F E4910-P1 27 J at -30 € 20 Jat-30 °C
E8010-P1 20 ftelbf at -20 °F 15 ftelbf at -20 °F E5510-P1 27 J at 30°C 20 Jat-30 °C
E8018-P2 20 ftelbf at -20 °F 15 ftelbf at -20 °F E5518-P2 27 J, at=30 °C 20 Jat-30 °C
E8045-P2 20 ftelbf at -20 °F 15 ftelbf at -20 °F E5545-P2 27 J at-30 °C 20J at-30 °C
E9010-P1 20 ftelbf at -20 °F 15 ftelbf at -20 °F E6210-P1 27 J at -30 °C 20 J at -30 °C
E9018-P2 20 ftelbf at -20 °F 15 ftelbf at -20 °F E6218-P2 27 Jat -30 °C 20 J at -30 °C
E9018-NM2 20 ftelbf at -20 °F 15 ftelbf at -20 °F/ E6218-NM2 27 J at -30 °Cf 20 J at -30 °C/
E9045-P2 20 ftelbf at -20 °F 15 ftelbf at -20 °F E6245-P2 27 Jat -30 °C 20 Jat -30 °C
E10045-P2 20 ftelbf at -20 °F 15 ftelbf at -20 °F E6945-P2 27 Jat -30 °C 20 Jat -30 °C
E8018-NM1 20 ftelbf at -40 °F 15 ftelbf at -40 °F E5518-NM1 27 J at -40 °C 20 J at -40 °C
E8016-C3 20 ftelbf at -40 °F 15 ftelbf at -40 °F E5516-C3 27 J at -40 °C 20 J at -40 °C
E8018-C3 20 ftelbf at -40 °F 15 ftelbf at 40 °F E5518-C3 27 Jat-40 °C 20 J at -40 °C
E10016-NM5 20 ftelbf at -40 °F 15 ftelbf-at 40 °F E6916-NM5 27 J at -40 °C 20 J at -40 °C
E8016-D3 20 ftelbf at -60 °F/ 15 félbf at -60 °F/ E5516-D3 27 J at -50 °C/ 20 J at -50 °C/
E8018-D1 20 fteIbf at -60 °F/ 15fteIbf at -60 °F/ E5518-D1 27 J at -50 °Cf 20 J at -50 °C/
E8018-D3 20 fteIbf at -60 °F/ 15 ftelbf at -60 °F/ E5518-D3 27 Jat -50 °C/ 20 J at -50 °C/
E9015-D1 20 fteIbf at -60 °F/ 15 ftelbf at -60 °F E6215-Dl 27 J at -50 °C/ 20 J at -50 °C/
E9018-D1 20 fteIbf at -60 2F. 15 ftelbf at -60 °F E6218-Dl 27 Jat -50 °C/ 20 J at -50 °C/
E9016-D3 20 fielbf at -60 °F 15 fielbf at -60 °F E6216-D3 27 Jat-50 °Cf 20J at -50 °Cf
E9018-D3 20 ftelbfiat <60 °F/ 15 ftelbf at -60 °F E6218-D3 27 Jat -50 °C/ 20 J at -50 °C/
E10015-D2 20.ftslbf at -60 °F/ 15 ftlbf at -60 °F/ E6915-D2 27 Jat -50 °C/ 20 J at -50 °C/
E10016-D2 20~fteIbf at -60 °F/ 15 ftelbf at -60 °F/ E6916-D2 27 J at -50 °Cf 20 J at -50 °C/
E10018-D2 20 ftelbf at -60 °F 15 ftelbf at -60 °F/ E6918-D2 27 J at -50 °Cf 20 J at -50 °C/
E7018-C3L 20 ftelbf at -60 °F 15 ftelbf at -60 °F E4918-C3L 27 Jat-50 °C 20 Jat-50 °C
E8016-C4 20 ftelbf at -60 °F 15 ftelbf at -60 °F E5516-C4 27 Jat-50 °C 20 J at-50 °C
E8018£C4 20 ftelbf at -60 °F 15 ftelbf at -60 °F E5518-C4 27 Jat -50 °C 20 J at -50 °C
E9018M 20 ftelbf at -60 °F 15 ftelbf at -60 °F E6218M 27 Jat -50 °C 20 J at -50 °C
EL0018M 20 ftelbf at -60 °F 15 ftelbf at -60 °F E6918M 27 Jat -50 °C 20 J at -50 °C
E11018M 20 ftelbf at -60 °F 15 ftelbf at -60 °F E7618M 27 Jat -50 °C 20 J at -50 °C
E12018M 20 ftelbf at -60 °F 15 ftelbf at -60 °F E8318M 27 Jat -50 °C 20 Jat -50 °C
E7016-C6 20 ftelbf at -75 °F 15 ftelbfat -75 °F E4916-C6 27 J at -60 °C 20 J at -60 °C
E8016-C7 20 ftelbf at -75 °F 15 ftelbfat -75 °F E5516-C7 27 J at -60 °C 20 J at -60 °C
(Continued)
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Charpy V-Notch Impact Test Requirements

AS.5 Classification AS5.5M Classification

AWS AWS
Classification” Limits for 3 out of 5 Specimens® ¢ ¢ Classification Limits for 3 out of 5 Specimens® ¢ ¢

AS5.5 Single Value, A5.5M Average, A5.5M Single
AS55 AS.5 Average, minimum® minimum?® A5.5M minimum® Value, minimum®
E9016-C1 20 fielbf at -75 °F' 15 frelbf at -75 °F E6216-C1 27 J at -60 °Cf 20 J at -60.°C
E11016-NM7 20 ftelbf at -75 °F 15 ftelbfat -75 °F E7616-NM7 27 J at -60 °C 20 Jar-60 °C
E11018-NM8 20 ftelbf at -75 °F 15 ftelbfat -75 °F E7618-NM8 27 Jat -60 °C 20F at -60 °C
E8016-C1 20 ftelbf at -75 °F 15 ftelbf at -75 °F E5516-Cl 27 J at -60 °C/ 20 J at -60 °C/
E8018-Cl 20 ftelbf at -75 °F/ 15 ftelbf at -75 °F/ E5518-C1 27 J at -60 °C/ 20 J at -60 °C/
E7015-C1L 20 ftlbf at -100 °F/ 15 ftelbf at -100 °F E4915-C1L 27 Jat -75°%C) 20 J at -75 °C/
E7016-C1L 20 ftelbf at -100 °F 15 ftelbf at -100 °F E4916-C1L 27 J atJ5°Cf 20 J at-75 °Cf
E7018-C1L 20 ftelbf at -100 °F 15 ftelbf at -100 °F E4918-CIL 27075 °Cf 20 J at -75 °C/
E8016-C2 20 ftelbf at -100 °F 15 ftelbf at -100 °F E5516-C2 27 J at -75 °Cf 20 J at -75 °C/
E8018-C2 20 ftelbf at -100 °F/ 15 ftelbf at -100 °F/ E5518-C2 27 Jat-75°C/ 20 J at -75 °C/
E7015-C2L 20 ftelbf at -150 °F 15 ftelbf at -150 °F E4915-C2L 27 J at -100 °C/ 20 J at-100 °C/
E7016-C2L 20 ftelbf at -150 °F 15 ftelbf at -150 °F E4916-C2L 27 Jat -100 °C/ 20 J at -100 °C/
E7018-C2L 20 fteIbf at -150 °F/ 15 ftelbf at -150 °F E4918-C2L 27 Jat -100 °C/ 20 J at -100 °C/
E9015-C5L 20 ftelbf at -175 °F/ 15 ftelbf at -175 °F/ E6215-C5L 27 Jat-115 °C/ 20 Jat-115°C/
E10016-Mn2 0.015 in at -320 °F¢ 0.015 in at -320 °E* E6916-Mn2  0.38 mm at -196 °C¢  0.38 mm at -196 °C#
E10018-Mn2 0.015 in at -320 °F¢ 0.015 in at -320.9F¢ E6918-Mn2  0.38 mm at -196 °C¢  0.38 mm at -196 °C¢
EXXXX-Al Not specified Not specified EXXXX-Al Not specified Not specified
EXXXX-BXXX Not specified Not-specified EXXXX-BXXX Not specified Not specified
EXXXX-BXL Not specified Not'specified EXXXX-BXL Not specified Not specified
EX)XXXX-G Not specified Not specified EXXXX-G Not specified Not specified
NOTES:

a. The letters “(X)XX" [“XX "] following the “E\"in a classification designation in this table stand for the various strength levels (70, 80, 90, 100, 110,
and 120 ksi) [49, 55, 62, 69, 76, and 83 MPa'x 10] of weld metals. The “XXX" and “XL"” following the “B” in the composition designator position
represent any of the allowed Chromium=Molybdenum electrode composition designators in Table 2

b. The test temperature for the five specifiiens shall be at or below the temperature listed. The actual temperature used shall be listed on the certification
documentation when issued.

c. Both the highest and the lowest test values obtained shall be disregarded in computing the average value. Two of the three remaining values shall
equal or exceed the minimum average value listed; one of these three remaining values may be lower than minimum average value, but shall not be
less than the minimum single value listed. The average of the three remaining values shall not be less than the minimum average value listed.

0 o o

. Impact test specimens\are tested without thermal treatment, except as noted.
. Impact test values shall be recorded to “nearest whole unit” of energy absorbed in accordance with the rounding method specified in Clause 6.

These classifications are tested in the postweld heat treated condition, as specified in 9.4.1.1 and in Table 7.
. Requirementg.réfer to minimum of lateral expansion, See 13.4.
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4, Acceptance

Acceptance of the welding electrodes shall be in accordance with the provisions of AWS A5.01M/AS5.01. 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.

6. Rounding Procedure

For the purpose of determining compliance with the requirements of this standard, the actual test valucs obtained shall be
subjected to the rounding rules of ASTM E29 or Rule A in Clause B.3 of ISO 80000-1 (the results are the same). If the
measured 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. If an average value isto®be compared to the specified
limit, rounding shall be done only after calculating the average. An observed or calculated value shall be rounded to the
nearest 1 000 psi (1 ksi) for tensile and yield strength for A5.5, to the nearest 10 MPa for tensile and yield strength for
AS5.5M, and to the nearest unit in the last right-hand place of figures used in expréssing the limiting values for other
quantities. The rounded results shall fulfill the requirements for the classification'under test.

7. Summary of Tests

The tests required for each classification are specified in Table 577Phe purpose of these tests is to determine the chemical
composition, mechanical properties, soundness of the weld metal, the usability of the electrode, and the moisture content
of the low-hydrogen electrode covering. The base metal.fot.the weld test assemblies, the welding and testing procedures
to be employed, and the results required are given in Clauses 9 through 15. The supplemental tests for absorbed moisture
(see Clause 16) and for diffusible hydrogen (see CGlaus¢ 17) are not required for classification of electrodes (see Note k
of Table 5).

8. Retest

If the results of any test fail to meetthe requirement, that test shall be repeated twice. The results of both retests shall meet
the requirement. Specimens forgetest may be taken from the original test assembly or sample or from a new test assembly
or sample. For chemical analysis, retest need be only for those specific elements that failed to meet the test requirement.
If the results of one or bath.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 thatsdiiring preparation or after completion of any test, it is clearly determined that specified or proper pro-
cedures were hot followed in preparing the weld test assembly 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
requirendent. That test shall be repeated, following proper prescribed procedures. In this case, the requirement for dou-
bling-the'number of test specimens does not apply.
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9. Weld Test Assemblies

9.1 One or more of the following four weld test assemblies are required for classification testing. They are:
(1) The weld pad in Figure 2 for chemical analysis of the weld metal.

(2) The groove weld in Figure 3 for mechanical properties and soundness of the weld metal for all classifications
except E(X)XX18M(1).

(3) The fillet weld in Figure 4 for the usability of the electrode.

(4) The groove weld in Figure 5 to be used in place of (2) above, for mechanical properties and soundness of the'weld
metal for E(X)XX18M(1) electrodes.

The sample for chemical analysis may be taken from the reduced section of the fractured tension test spécifrien or from a
corresponding location (or any location above it) along the weld centerline of the weld metal in the gnooye weld in Figure
3 or Figure 5, thereby avoiding the need to make the weld pad. In case of dispute, the weld padishall be the referee
method.

9.2 Preparation of each weld test assembly shall be as specified in 9.3 through 9.5. Thebdse metal for each assembly
shall be as required in Table 6 and shall meet the requirements of the ASTM or NAVSEA:specification shown there or a
chemically equivalent specification. Electrodes other than low-hydrogen electrodes shall be tested without conditioning.
Low-hydrogen electrodes, if they have not been adequately protected against moisture pickup in storage, shall be held at
a temperature within the range 500 °F to 800 °F [260 °C to 430 °C] for a minimum of one hour prior to testing. Testing
of assemblies shall be as prescribed in Clauses 10 through 14.

9.3 Weld Pad. A weld pad shall be prepared as specified in Figure 2,€xeept when one of the alternatives in 9.1 (taking
the sample from the broken tension test specimen or from a correspending location or any location above it along the
weld centerline in the weld metal of the groove weld in Figure 3 or Figure 5) is selected. Base metal of any convenient
size, of the type specified in Table 6 shall be used as the base-for the weld pad. The surface of the base metal on which
the filler metal is to be deposited shall be clean. The pad shall’lbe welded in the flat position with multiple layers, to obtain
undiluted weld metal. The preheat temperature shall nottbefless than 60 °F [15 °C] and the interpass temperature shall not
exceed 300 °F [150 °C]. The slag shall be removed.after each pass. The pad may be quenched in water between passes,
but must be dry before the start of the next pass~~The dimensions of the completed pad shall be as shown in Figure 2.
Testing of this assembly shall be as specified ii/Clause 10, Chemical Analysis.
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WELD METAI L LENGTH »l
(See Note 9)

vy

— H, HEIGHT,
(See Note.9)

W, WIDTH
(See Note 9)

BASE METAL

Notes:

O~ wWwN =

© 00N

. Base metal of any convenient size, of the type specified in Table 6, shall be used as the base for the weldpad.

. The surface of the base metal on which the filler metal is to be deposited shall be clean.

. The pad shall be welded in the flat position with successive layers to obtain undiluted weld metal.

. One pad shall be welded for each type of current shown in Table 5 except for those classifications identified by note | in Table 5.

. The number and size of the beads will vary according to the size of the electrode and the width of the weave, as well as the amper-

age employed. The width of each weld pass in each weld layer shall be no more than 2—1/2.tifTes the diameter of the core wire.

. The preheat temperature shall not be less than 60 °F [15 °C] and the interpass temperature shall not exceed 300 °F [150 °C].
. The slag shall be removed after each pass.

. The test assembly may be quenched in water between passes to control interpasstemperature.

. The minimum completed pad size shall be at least four layers in height (H) with(length (L) and width (W) sufficient to perform

analysis. The sample for analysis shall be taken from weld metal that is at least the following distance above the original base metal
surface:

Minimum Distance From Surface of

Electrode Size Base Plate

in mm in mm
3/32 2.5 1/4 6
1/8 3.2
5/32 4.0 5/16 8
3/16 415, 5.0
7/32 —

1/4 6.0 3/8 10
5/16 8.0

Figure'2—Pad for Chemical Analysis of Undiluted Weld Metal
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MEASUREMENT G
—» B l’ X
A ]\ l_ l l
N — ° | v v v
T ! S e l
v | L. D | L e
i r BRl
K - o L]
P
[ —B & T
IMPACT ALL WELD METAL
TEST TENSION SPECIMEN
SPECIMENS \/\
— ‘_
—»| Z |+ —>va

(A) JOINT CONFIGURATION AND LOCATION OF TEST SPECIMENS

@ WELD

-
i

SECTION BB

SECTION A-A

(C) LOCATION OF ALL WELD METAL

(B) LOCATION OF IMPACT
TENSIONJFEST SPECIMEN

TEST SPECIMENS

B

7 A
L]

ﬁﬁ A\

?

— R e
SEE NOTE 3

(D) BUTTERED GROOVE

Figure 3—Groove Weld Test Assembly for Mechanical Properties and Soundness of Weld
Metal Produced by Using AllElectrode Classifications Except E(X)XX18M(1)
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A5.5
Electrode Size, in le
Dimension Description 3/32 1/8 5/32 3/16 7/32 1/4 5/16 (l/
B Buttering Thickness, min., in 1/8 (19
Point of Temperature \

G Measurement, Offset from 1/4to 1/2 C)

Groove Edge, in {\.
L Length, min., in (See Note 1) 10 (b
S Backing Overlap, min., in 1/4 \Q
V Backing Thickness, min., in 1/4
w Width, min., in 5 O
X Backing Width, min., in R+1/2 O
z Discard, min., in 1 O,U
T Nominal Plate Thickness, in 1/2 +1/32 1/2 +1/32 3/4 +1/32 3/4 +1/32 3/4 + 1/32 1+ 1/32(' 1 1’1/4 +1/32
D Specimen Center, in 14+1/32 | 14132 | 38+1/32 | 3/8+1/32 | 38182 | 12:432] 58:1/32
R Root Opening, in 3/8, -0, +1/16 | 1/2, -0, +1/16 | 5/8, -0, +1/16 | 3/4,-0, +1/16 | 7/8, -0, +1/16 1,&1/16 11/8, -0, +1/16
(€] Bevel Angle, degrees 10, +2.5, -0 / V

Passes per Layer 2 2 2 2 2 \(/ 2 2

Total Layers Not Specified 5t07 7t09 6to8 6 t@\\\‘ 9to 11 10to 12
7
A5.5M N
Electrode Size, mm  « y
Dimension Description 25 3.2 4 | 4.5, 5:0 .\T 6 | 8
B Buttering Thickness, min., mm 3\ \J
Point of Temperature Q N

G Measurement, Offset from 6 to@

Groove Edge, mm ‘O,
L Length, min., mm (See Note 1) QVSO
S Backing Overlap, min., mm (\(O\ 6
\Y% Backing Thickness, min., mm [ \(~ 6
w Width, min., mm e 125
X Backing Width, min., mm A R+ 12
Z Discard, min, mm ()\) 25
T Nominal Plate Thickness, mm 12+ 1 \\‘& +1 20+ 1 20+ 1 25+ 1 301
D Specimen Center, mm 61 () 6x1 101 101 122 1 16+ 1
R Root Opening, mm 10, -0, +p, N 13, -0, +1 16, -0, +1 19, -0, +1 25, -0, +1 28, -0, +1
(€] Bevel Angle, degrees Q{\' 10, +2.5, -0

Passes per Layer \Q 2' 2 2 2 2 2

Total Layers :\@ot‘Specified 5t07 7t09 6to8 9to 11 10to 12

-

. For electrodes longer than 18 in [450, ﬁa 20 in [500 mm] long test assembly shall be welded.
. The surfaces to be welded shall be’&@n.

Base metal shall be as specifie&b.Table 6. For other base metal which does not closely match the composition of the deposit of the electrode under
test, the edges of the groo ‘\ the contacting face of the backing shall be surfaced as shown, using any size of an electrode having the same
composition or classificagvr}s the electrode being tested, before welding the joint.

Prior to welding, the assembly may be preset to yield a welded joint sufficiently flat to facilitate removal of the test specimens. As an alternative, restraint
or a combination gf &tréint and presetting may be used to keep the welded joint within 5 degrees of plane. A completed welded test assembly that is

(AN

more than 5d ut of plane shall be discarded. Straightening of the test assembly is prohibited.
Welding sh. the flat position, using each type of current specified in Table 5 except for classifications identified by Note m in Table 5.
The preheat interpass temperature shall be as specified in Table 7 for the classification being tested.

For electrodé€ size larger than 1/8 in [3.2 mm] the joint root may be seal welded with 3/32 or 1/8 in [2.5 or 3.2 mm] electrodes using stringer beads.
In ac

on to the stops and starts at the ends, each pass shall contain a stop and start in between the ends.

@)
&
Nt

Figure 3 (Continued)—Groove Weld Test Assembly for Mechanical Properties and Soundness
of Weld Metal Produced by Using All Electrode Classifications Except E(X)XX18M(1)
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v

L,

3 IN [75 MM] MIN.

3|/N[7%M] MIN.

FLANGE TO BE STRAIGHT AND IN INTIMATE CONTACT
WITH SQUARE MACHINED ERGE OF WEB MEMBER ALONG
ENTIRE LENGTH TO ENSURE MAXIMUM RESTRAINT

Notes:

1.

5.
6.

7.

8.
9.

See Table 8 for values of T and L.

2. Base metal shall be as specified in Table 6.
3.
4. One assembly shall be welded for each position specified in Table 8-and shown in Figure 6 using each type of current and polarity

The surfaces to be welded shall be clean.

specified in Table 5.

The preheat shall be 60 °F [15 °C] minimum.

A single pass fillet weld shall be made on one side of the joint. The first electrode shall be consumed to a stub length of no greater
than 2 in [50 mm].

Progression in the vertical position shall be upwards, except for E(X)XX10-X electrodes, which may be tested in either upwards or
downwards progression, and the E(X)XX45-P2, which is tested vertically down only.

Weld cleaning shall be limited to slag chippingxbrushing and needle scaling. Grinding or filing of the final weld surface is prohibited.
The tests shall be conducted without postweld‘heat treatment.

Source: AWS A5.5/A5.5M:2006, Figure 3,

Figure 4—Fillet Weld Test Assembly
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L R
—> Z [— l¢— APPROX. L/2 —»| T
\/\ \/\
POINT OF
TEMPERATURE
MEASUREMENT G
X
e I N
_ ) =
G WELD T l X2, l
e g — g S
; <} H—= T . OQ
L A< .5 / T C’}}
IMPACT ALL WELD METAL %)
TEST TENSION SPECIMEN %
SPECIMENS \/\ | C)
ok e Q
(A) JOINT CONFIGURATION AND LOCATION OF TEST SPECIMENS @
G WELD @Q/
| &)
¥
D
S vy
[ ]
SECTION A-A %
(B) LOCATION OF IMPACT (C) LOCATIOI QLL WELD METAL
TEST SPECIMENS TENSIC@ SPECIMEN
P y 2
« v A5.5 E(X)XX18M(1)
» Electrode Size, in
Dimension Description 332 _[VU~1s ] 5/32 | 316 | 732 ] 1/4
D Nominal CVN Location, in RN 1/16
Point of Temperature Measurement, Q NJ 1410 1/2
Offset from Groove Edge, in N\
L Length, min., in DV 10
v Backing Thickness, min., in L5 As Required
w Width, min., in o\ 5
X Backing Width, min., in 1
z Discard, min., in s~ 1
T Plate Thickness, min,, in-" 1/2 1/2 3/4 3/4 3/4 1
R Root Opening, max, in 1/4 1/4 1/2 1/2 1/2 1/2
(€] Bevel Angle, es 30
Total Layers See Note 1 | See Note 1 | 7109 | 7t09 | 7t08 | 9to11
X
‘\\(\,17 A5.5M E(X)XX18M(1)
el Electrode Size, mm
Dimension .~ Description 25 | 3.2 | 4 | 5 | 6
D __\\Nominal CVN Location, mm 1.5
a jﬁ‘nt of Temperature Measurement, 6o 13
fai Offset from Groove Edge, mm
L~ Length, min., mm 250
,-\L\.) Backing Thickness, min., mm As Required
PR Width, min., mm 125
N\ X Backing Width, min., mm 25
N Discard, min, mm 25
I~ T Plate Thickness, min., mm 12 12 20 20 25
R Root Opening, max., mm 6 6 12 12 12
(€] Bevel Angle, degrees 30
Total Layers SeeNote 1] SeeNote1 |  7to9 | 7t09 |  9to11
— undness of Weld

Metal Produced by Using E(X)XX18M(1)
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Notes:

1.
2. Base metal shall be as specified in Table 6.

3.

4. Prior to welding, the assembly may be preset to yield a welded joint sufficiently flat to facilitate removal of the test specimens. As an

© 00N O,

10.

Pass and layer sequence shall be reported.
The surfaces to be welded shall be clean.
alternative, restraint or a combination of restraint and presetting may be used to keep the welded joint within 5 degrees of plane. A

completed weld test assembly that is more than 5 degrees out of plane shall be discarded. Straightening of the test assembly is
prohibited.

. Welding shall be performed in the flat position using the type of current specified in Table 5 for the classification.

. The preheat and interpass temperature shall be that specified in Table 7 for the classification being tested.

. Layers should be approximately 1/8 in [3 mm] thick with each layer being started at the finishing end of the preceding layer.

. The weld shall be made with stringer beads or with maximum weave no wider than 2—1/2 times the diameter of the core. wire:

. The completed weld shall have a reinforcement of standard proportions, 1/32 in [0.8 mm] minimum; 1/8 in [3.2 mm] maximum. For

electrodes larger than 1/8 in [3.2 mm], the root beads may be made with 3/32 in or 1/8 in [2.5 mm or 3.2 mm] electrades.
The number of layers pertains specifically to minimum plate thicknesses. Use of thicker plates may increase the ndmber of layers.

Figure 5 (Continued)—Groove Weld Test Assembly for MechanicakProperties
and Soundness of Weld Metal Produced by Using E(X)XX18M(1)
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Talbla L

<&

Base Metal for Weld Test Assemblies

TAavIC U

Base Metal

AWS Classification ASTM Specification Number?® UNS Number® C)\
EXXXX-Al A204 Grade A K 11820 &
EXXXX-B1 A387 Grade 2 K12143 Q(b'
EXXXX-B2, EXXXX-B2L, EXXXX-B5 A387 Grade 11 K11789 N
EXXXX-B3, EXXXX-B3L, EXXXX-B4L A387 Grade 22 or 221 K21590 ol -
EXXXX-B6, EXXXX-B6L, EXXXX-B7, . O\
EXXXX-B7L A387 Grade 5 S50200 (s‘\'\
EXXXX-B8, EXXXX-BSL A387 Grade 9 K90941 -~ @y

A29 Grade 1015 or 1020; A283 Grade A, G10150, G10200, K01400,1K01702,
EXXXX-B23, EXXXX-B234, EXXXX-B24 B, C, or D; (Buttering required)? K02401, K02702,
EXXXX-B91, EXXXX-BYA A387 Grade 91 K9
EXXXX-B92, EXXXX-B92A 4335 Grade P92 K92460
EXXXX-B115 A335 Grade P115, A 387 Grade 91 ~ K91060

EXXXX-C1, EXXXX-CIL

A537 Class 1 or 2; A203 Grade A or B

K12437K21703, K22103

EXXXX-C2, EXXXX-C2L

A203, Grade D or E

. K31718,K32018

EXXXX-C3, EXXXX-C3L, EXXXX-C4

A516 Grade 60, 65, or 70; A537 Class 1

=4
KO@ K02403, K02700, K12437
P

or2
EXXXX-C5L A36 or A131 Grfzde(E;’(Buttering \\,') K02702, K02600
required) _\)
EXXXX-C6 A537 Class 1 or 2 NGN K12437
A537 Class 1 or 2 S\
EXXXX-C7 A516 Grade 65 or 70 Q)Q K12437, K02403, K02700, K42339
A543 Type B or C/,
EXXXX-DI, E(X)XXXX-D2, EXXXX-D3 A302 Grade A or'BV K12021, K12022
EXXXXX-Mn2 AL1060 N K92594

EXXXX-NM1

A302 Grade C or D; 4533 Type B or C

K12039, K12054, K12539, K12554

EXXXX-NM2, E(X)XX18M

A514,A517, A543 Type B or C;
NAVSEA Technifal Publication T9074-

K11630, K42339, K31820, K32045

BD-GIB 300 HY80 or HY 100
7 Class 1 or 2
EXXXX-NM3 \\ 16 Grade 65 or 70 %?7% ﬁgj;g;
WO 4543 Type Bor C :
N A537 Class 1 or 2
EXXXX-NM4 QQ 4516 Grade 65 or 70 K02403, KO2700
EXXXXX-NM5 KN A543 Type B or C K42339
N

EXXXXX-NM6, EXXXXX-NM7, -0,
EXXXXX-NMS N\

AS517
A 543 ype Bor C

K11630, K42339

E12018M1 [E8318M1] \L\O

NAVSEA Technical Publication
T9074-BD-GIB-010/0300 HY 100

K32045

EXX10-P1, EXX18-P2, ‘\0‘
E(X)XX45-P2, E(X)XX45-
EXX10-G electrodes intended
for pipe welding

API 5L X pipe steel®

EXX18-W1, EXX]8-W2

A588 Grade A, B, or C; A709 Grade 50W

K11947, K12043, K11538

All except-E’(%é(X 18M(1)

A29 Grade 1015 or 1020; A283 Grade A,
B, C, or D (Buttering required)?

G10150, G10200, K01400, K01702,
K02401, K02702

A36; A131 Grade B (Buttering required)?

K02600, K02102

Al

N

oo o

when used for fillet weld test assemblies.

e. Grade shall be appropriate for electrode classification strength level.

e letters “(X)XX" [“XX "] following the “E” in a classification designation in this table stand for the various strength levels (70, 80, 90, 100, 110,
and 120 ksi) [49, 55, 62, 69, 76, and 83 MPa x 10] of weld metals. The letter “X " in the last place is the composition designator.

. Steel specifications in other national and international specifications that are equivalent to the U.S. specifications shown are acceptable

. SAE HS-1086/ASTM DS-56 Metals & Alloys in the Unified Numbering System.
. Carbon steels as listed may be used for test assemblies, but require buttering as required in 9.4.1 and as shown in Figure 3. Buttering is not required
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9.4 Groove Weld

9.4.1 Mechanical Properties and Soundness. A test assembly shall be prepared and welded as specified in Figure 3
or Figure 5, using matching base metal of the appropriate type (specified in Table 6). Note d to Table 6 and Figure 3(B)
allow the use of mild steel base metal with buttering. Welding shall be in the flat position, using each type of current
specified in Table 5, except for classifications identified by Note m in Table 5.

Prior to welding, the assembly may be preset to yield a welded joint sufficiently flat to facilitate removal of the test
specimens. As an alternative, restraint or a combination of restraint and presetting may be used to keep the welded joint
within 5 degrees of plane. A completed welded test assembly that is more than 5 degrees out of plane shall be discarded.
Straightening of the test assembly is prohibited.

Preheat and interpass temperatures shall be as specified in Table 7. Testing of this assembly shall be as specified’in Clauses
11, 12, and 13. The assembly shall be tested in the as-welded condition or the postweld heat treated condition as specified
in Table 3, except for the E(X)XXXX-G classifications, which, when postweld heat treatment (PWHT ) is required, shall
be tested in the postweld heat treated condition agreed upon between the purchaser and supplier ¢sge"Note ¢ of Table 7).

9.4.1.1 When postweld heat treatment is required, the heat treatment shall be applied towthe test assembly before
the specimens for mechanical testing are removed. This heat treatment may be applied/either before or after the
radiographic examination.

9.4.1.2 The temperature of the test assembly shall be raised in a suitable furnace at the rate of 150 °F to 500 °F [85
°C to 280 °C] per hour until the postweld heat treatment temperature specified in Table 7, for the electrode classification
is attained. This temperature shall be maintained for the time specified in Table*7 (-0, +15 minutes).

9.4.1.3 The test assembly shall then be allowed to completely coeliin the furnace at a rate not greater than 350 °F
[200 °C] per hour or may be removed from the furnace when the temperature of the furnace has reached 600 °F [300 °C]
and allowed to cool in still air.

9.5 Fillet Weld. One or more test assemblies shall be prepared-and'welded as specified in Table 5 and shown in Figure 4 using
base metal of the appropriate type as specified in Table 6. The.welding positions shall be as specified in Table 8 and Figure 6,
according to the size and classification of the electrode. Testihg of the assembly shall be as specified in AWS A4.5M/A4.5.

10. Chemical Analysis

10.1 The sample for analysis shall be taken from weld metal produced with the electrode. The sample shall be taken from
a weld pad or the reduced section of the“fractured tension test specimen (Figure 3 or 5) or from a corresponding location
or any location along the weld centertine above it in the groove weld in Figure 3 or 5. Areas where arc starts or craters
exist shall be avoided.

The top surface of the pad-described in 9.3 and shown in Figure 2 shall be removed and discarded, and a sample for
analysis shall be obtained ffom the underlying metal of this same top layer by any means that will not affect the chemical
composition. The sample shall be free of slag and shall be taken from metal that is at least the minimum distance from the
original base metdl surface as specified in Figure 2.

The sample from the reduced section of the fractured tension test specimen or from a corresponding location (or any loca-
tion alongthe weld centerline above it) in the groove weld in Figure 3 or 5 shall be prepared for analysis by any means
that will not affect the chemical composition.

10:2,*Fhe sample shall be analyzed by accepted analytical methods. The referee method shall be ASTM E350 or ASTM
E353 for 20% Mn electrodes.

10.3 The results of the analysis shall meet the requirements of Table 2 for the classification of electrode under test.

11. Radiographic Test

11.1 When requ1red in Table 5, the groove weld descrlbed in 9 4.1 and shown in F 1gure 3 or 5 shall be radlographed to
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of the weld shall be machined or ground smooth and flush with the original surfaces of the base metal or with a reason-

ably uniform reinforcement not exceeding 3/32 in [2.5 mm].

It is permitted on both sides of the test assembly, to remove base metal to a depth of 1/16 in [1.5 mm] below the original
base metal surface, in order to facilitate backing and/or buildup removal. The thickness of the weld metal shall not be
reduced by more than 1/16 in [1.5 mm)] so the thickness of the prepared radiographic test specimen equals at least the
thickness of the base metal minus 1/16 in [1.5 mm]. Both surfaces of the test assembly in the area of the weld shall be
smooth enough to avoid difficulty in interpreting the radiograph.

11.2 The weld shall be radiographed in accordance with one of the following. The quality level of inspection shall
be 2-2T.

(1) Film Radiology: ASTM E1032

(2) Computed Radiology (CR): ASTM E2033 and the requirements of ASTM E1032, except where ER differs from
film. The term film, as used within ASTM E1032, applicable to performing radiography in accordance with ASTM E2033,
refers to phosphor imaging plate.

(3) Digital Radiology (DR): ASTM E2698 and the requirements of ASTM E1032, except where DR differs from film.
The term film, as used within ASTM E1032, applicable to performing radiography in accerdance with ASTM E2698,
refers to digital detector array (DDA).
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Tahla 7

Preheat, Interpass, and Postweld Heat Treatment Temperatures

TaoTc—1

Preheat and Interpass

Postweld Heat Treatment

AWS Classification Temperature Temperature Time?
A55 A5.5M °F °C °F °C Hour(s)
E7010-A1 E4910-A1
E7011-A1 E4911-A1
E7015-A1 E4915-A1
E7016-A1 E4916-A1
E7018-A1 E4918-A1
E7020-A1 E4920-A1
E7027-A1 E4927-A1
E8018-D1 E5518-D1
E9015-D1 E6215-D1 200 to 225 95to 110 1150 £25 620515 1
E9018-D1 E6218-D1
E10015-D2 E6915-D2
E10016-D2 E6916-D2
E10018-D2 E6918-D2
E8016-D3 E5516-D3
E8018-D3 E5518-D3
E9018-D3 E6218-D3
E9016-D3 E6216-D3
E8016-B1 E5516-B1
E8018-B1 E5518-B1
E8015-B2 E5515-B2
E8016-B2 E5516-B2
E8018-B2 E5518-B2
E7015-B2L E4915-B2L
E7016-B2L E4916-B2L
E7018-B2L E4918-B2L 32510 375 160 to 190 1275+25 690+ 15 1
E9015-B3 E6215-B3
E9016-B3 E6216-B3
E9018-B3 E6218-B3
E8015-B3L E5515-B3L
E8018-B3L E5518-B3L,
E8015-B4L E5515:B4L
E8016-B5 E5516-B5
E8015-B6 E5515-B6
E8016-B6 E5516-B6
E8018-B6 E5518-B6
E9018-B6 E6218-B6
E8015-B6L E5515-B6L
E8016-B6L E5516-B6L
E8018-B6L E5518-B6L 350 to 450 180 to 230 1375+25 740+15 1
E8015-B7 E5515-B7
E8016-B¥ E5516-B7
E8018-B7 E5518-B7
E8015-B7L E5515-B7L
E8016-B7L E5516-B7L
E8018-B7L E5518-B7L
E8015-B8 E5515-B8
E8016-B8 E5516-B8
E8018-B8 E5518-B8
E8015-BS8L E5515-BSL 400 to 500 200 to 250 1375+25 740+ 15 1
E8016-BSL E5516-BSL
E8018-B8L E5518-B8L

(Continued)
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Preheat, Interpass, and Postweld Heat Treatment Temperatures

Preheat and Interpass Postweld Heat Treatment
AWS Classification Temperature Temperature Time?*
A5.5 A5.5M °F °C °F °C Hour(s)
E9016-B94 E6216-B94 300 to 500 155 to 255 1350 £50 735 +£25 2
E9015-B23 E6215-B23
E9016-B23 E6216-B23
E9018-B23 E6218-B23
E8016-B234 E5516-B234 350 to 475 180 to 250 1365 £25 740 £ 15 2
E9015-B24 E6215-B24
E9016-B24 E6216-B24
E9018-B24 E6218-B24
E9015-B91 E6215-B91
E9016-B91 E6216-B91
E9018-B91 E6218-B91
Egg}g:ﬁgg Eg;igﬁg; 400 to 600 200 to 315 1400 + 25 760 £ 15 2
E9018-B92 E6218-B92
E9016-B924 E6216-B924
E9015-B115 E6215-Bl115
E8016-C1 E5516-C1
E8018-Cl1 E5518-C1
E9016-C1 E6216-C1
E7015-C1L E4915-C1L
E7016-C1L E4916-C1L
E7018-C1L E4918-C1L 200 to 225 95 to 110 1125+25 605+ 15 1
E8016-C2 E5516-C2
E8018-C2 E5518-C2
E7015-C2L E4915-C2L
E7016-C2L E4916-C2L
E7018-C2L E4918-C2L
E9016-D3 E6216-D3 2Q0yto 225 95to 110 1150 £25 620 £15 1
E9015-C5L E6215-C5L 200 to 250 95 to 120 1075 +£25 580 + 15 1
E9018-NM2 E6218-NM2 200 to 225 95to 110 1125 +25 605+ 15 8
E8010-G E5510-G
E8011-G E5511G
E8013-G E5513-G
E9010-G E6210-G
E9011-G E6211-G
E9013-G E6213-G
E10010-G E6910-G
E10011-G E6911-G See Note b See Note b
E10013-G E6913-G
E11010-G E7610-G
E110T4-G E7611-G
EL10I3-G E7613-G
E+2010-G E8310-G
E12011-G E8311-G
E12013-G E8313-G
(Continued)
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Preheat, Interpass, and Postweld Heat Treatment Temperatures

Preheat and Interpass Postweld Heat Treatment
AWS Classification Temperature Temperature Time?
A55 A5.5M °F °C °F °C Hour(s)
E7010-G E4910-G
E7011-G E4911-G
E7015-G E4915-G
E7016-G E4916-G
E7018-G E4918-G
E7020-G E4920-G
E7027-G E4927-G
E8015-G E5515-G
E8016-G E5516-G
E8018-G E5518-G
E8045-G E5545-G
E9015-G E6215-G See Note b SeoNote b
E9016-G E6216-G
E9018-G E6218-G
E9045-G E6245-G
E10015-G E6915-G
E10016-G E6916-G
E10018-G E6918-G
E11015-G E7615-G
E11016-G E7616-G
E11018-G E7618-G
E10045-G E7645-G
E12015-G E8315-G
E12016-G E8316-G
E12018-G E8318-G
E10016-Mn2 E6916-Mn2
E10018-Mn2 E6918-Mn2 50 19350 10to 175 Not Specified®
E7010-P1 E4910-P1
E7018-C3L E4918-C3L
E7018-W1 E4918-W1
E8016-C3 E5516-C3
E8018-C3 E5518-€3
E8016-C4 E55162C4
E8018-C4 E5518-C4
E8018-NM1 ES518-NM1
E8018-W2 E5518-W2
E8018-P2 E5518-P2 200 to 250 95 to 120 Not Specified®
E8045-P2 E5545-P2
E9018-P2 E6218-P2
E9045-P2 E6245-P2
E9018M E6218M
E10018M E6918M
E10045-P2 E6945-P2
E11018M E7618M
E12018M E8318M
E12018M1 E8318M1
(Continued)
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Preheat, Interpass, and Postweld Heat Treatment Temperatures

Preheat and Interpass Postweld Heat Treatment
AWS Classification Temperature Temperature Time?

AS5 A55M °F °C °F °C Hour(s)
E7016-C6 E4916-C6
E8016-C7 E5516-C7
E9016-NM4 E6216-NM4
E10016-NM3 E6916-NM3
E10016-NM5 E6916-NM5 200 to 225 9510110 Not Specified®
E11016-NM6 E7616-NM6
E11016-NM7 E7616-NM7
E11018-NM8 E7618-NM8
E8010-P1 E5510-P1

325 to 375 160 to 190 Not-Specified®
E9010-P1 E6210-P1
NOTES:

a Postweld heat treat at specified time, —0, +15 minutes.

b The need for, and specific values for preheat and interpass temperatures, and postweld heat treatmentconditions of weld test assemblies made with
“G” electrodes shall be as agreed upon between the purchaser and supplier.

¢ Postweld heat treatment is not required for those classifications listed as “as-welded” in Table 3.
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Talla- 0O

TAVIC J

Radiographic Soundness Requirements

AWS Classification?
A55 | AS55M Radiographic Standard®<
EX)XX15-X EXX15-X
E(X)XX16-X EXX16-X
E(X)XX18-X EXX18-X
Grade 1
EXX20-X EXX20-X
E(X)XX18M(1) EXX18M(1)
EX)XX45-X EXX45-X
E(X)XX10-X EXX10-X
EX)XX11-X EXX11-X
Grade.2
E(X)XX13-G EXX13-G
EXX27-X EXX27-X

a. The letters “(X)XX” [“XX"] following the “E” in a classification designation in this table stand for the various-strength levels (70, 80, 90, 100, 110,
and 120 ksi) [49, 55, 62, 69, 76, and 83 MPa x 10] of weld metals. The letter “X” in the composition designaterposition used in this table is defined
in Note a of Table 1.

b. See Figure 7.

c. The radiographic soundness obtainable under actual industrial conditions employed for various electrode classifications is discussed in A6.11.1 in
Annex A.

| AXIS OF WELD

| VERTIEAL
AXIS OF WELD % AXIS OF WELD

- /— HORIZONTAL : HORIZONTAL

~

<
90° B
PLATE /<| ~U 2
HORIZONTAL N Lgge =7 - PLATE
I HORIZONTAL
(A) OVERHEAD FILLET WELDS (B) VERTICAL FILLET WELDS (C) HORIZONTAL FILLET WELDS

Source: AWS A5.5/A5.5M:20086, Figure 5.

Figure 6—Welding Positions for Fillet Weld Test Assemblies

11.3 The soundness of the weld metal meets the requirements of this specification if the radiograph shows:
(1) no cracks, no incomplete fusion, and no incomplete penetration, and

(2) no slag inclusions longer than 1/4 in [6 mm] or 1/3 of the thickness of the weld, whichever is greater, or no groups
of slag inclusions in line that have an aggregate length greater than the thickness of the weld in a length 12 times the

thickness of the weld except when the distance between the s essivze 1n slons-¢© ceds-s mes-the le gﬂ'\ of the

longest inclusion in the group, and
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(3) no rounded indications in excess of those permitted by the radiographic standards in Figure 7A (Grade 1) or

Figure 7B (Grade 2), according to the grade specified in Table 9.
In evaluating the radiograph, one inch [25 mm] of the weld on each end of the test assembly shall be disregarded.

11.4 Arounded indication is an indication on the radiograph whose length is no more than three times its width. Rounded
indications may be circular or irregular in shape, and may have tails. The size of a rounded indication is the largest
dimension of the indication, including any tail that may be present.

The indication may be of porosity or slag. Indications whose largest dimension does not exceed 1/64 in [0.4 mm] shall be
disregarded. Test assemblies with indications larger than the large indications permitted in the radiographic standards do
not meet the requirements of this specification.

12. Tension Test

12.1 One all-weld-metal tension test specimen shall be machined from the groove weld described in Clause 9 and shown
in Figure 3 or 5. For specimens machined from 3/4 in [20 mm] or thicker weld assemblies, the all-weld-metal tension test
specimen shall have a nominal diameter of 0.500 in [12.5 mm]. For specimens machined\fom 1/2 in [12.5 mm] thick
weld assemblies, the all-weld-metal tension test specimen shall have a nominal diameter of 0.250 in [6.5 mm]. The
nominal gauge length-to-diameter ratio shall be 4:1 in each case.

12.2 For classifications to be tested in the as-welded condition (as specified inIable 3), the weld test assembly or tension
test specimen may be aged at a temperature not to exceed 220 °F [105 °C] for up to 48 hours then allowed to cool to room
temperature. In case of dispute, aging the tensile specimen shall be the referee method. No aging shall be performed prior
to radiographic examination. Refer to A6.3 for a discussion of the“purpose of aging. The purchaser may, by mutual
agreement with the supplier, have the thermal aging of specimens prehibited for all mechanical testing done to Schedule
TorJ of AWS A5.01M/AS5.01.

12.3 The tension test specimens shall be tested in the mannér/described in the Tension Test clause of AWS B4.0.

12.4 The results of the tension test shall meet the requirements specified in Table 3.

13. Impact Test

13.1 Five full-size Charpy V-notch impact'test specimens shall be machined from the test assembly shown in Figure 3 or
5, for those classifications for which:impact testing is required in Table 5. The Charpy V-notch specimens shall have the
notched and struck surfaces parallel with each other within 0.002 in [0.05 mm]. The other two surfaces of the specimen
shall be square with the notched<r struck surfaces within 10 minutes of a degree. The notch shall be smoothly machined
and shall be square with the [ongitudinal edge of the specimen within one degree.

The geometry of the nefch shall be measured on at least one specimen in a set of five specimens. Measurement shall be
done at a minimum /09X magnification. The correct location of the notch shall be verified by etching before or after
machining.

13.2 The five\specimens shall be tested in accordance with the Fracture Toughness Test clause of AWS B4.0. The test
temperature)shall be at or below the temperature specified in Table 4, for the classification under test. The actual
temperature used shall be listed on the certification documentation when issued.

13.3) In evaluating the test results, the lowest and the highest values obtained shall be disregarded. Two of the remaining
three values shall equal or exceed the specified 20 ftelbf [27 J] energy level. One of the three may be lower, but not lower
than the single value indicated in Table 4, and the average of the three shall be not less than the required average energy
level.

13.4 For the E100xx-Mn2 [E69xx-Mn2] classifications, the lateral expansion of the three Charpy specimens remaining
after discarding the specimens with the highest and lowest absorbed energy levels shall be measured in accordance with
ASTM E23. All three of these specimens shall exhibit a lateral expansion of at least 0.015 in [0.38 mm]. However, if the
average of these three specimens is at least 0.015 in [0.38 mm] and one of the three specimens is lower than 0.015 in

[0.38 mm], an additional set of three specimens shall be tested. If all three of the additional set of specimens exhibit a
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(A) ASSORTED ROUNDED INDICATIONS

SIZE: 1/64 in [0.4 mm] TO 1/16 in [1.6 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 18, WITH THE FOLLOWING RESTRICTIONS:

MAXIMUM NUMBER OF LARGE (3/64 in [1.2 mm] TO 1/16 in [1.6 mm] IN DIAMETER OR IN LENGTH) INDICATIONS 58.
MAXIMUM NUMBER OF MEDIUM (1/32in [0.8 mm] TO 3/64 in [1.2 mm] IN DIAMETER OR IN LENGTH) INDICAHONS = 5.
MAXIMUM NUMBER OF SMALL (1/64 in [0.4 mm] TO 1/32 in [0.8 mm] IN DIAMETER OR IN LENGTH) INDICATIONS = 10.

[}
[}
[ ]
[}
° ° ° o
(B) LARGE ROUNDED INDICATIONS
SIZE: 3/64 in [1.2 mm] TO 1/16 in [1.6 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD =,8.
[ ]
° ° ® °
[ ) [ ]
[}
° [ )
° ° ° ° °
(C) MEDIUM ROUNDED INDICATIONS
SIZE: 1/32in [0.8 mm] TO 3/64 in [1.2 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN\ANY 6 in [150 mm] OF WELD = 15.
°
° o . N ° ° ° .
°
hd ° ° .
. . .
.
° L4 °
° ° . .
° ° ° o

(D) SMALL ROUNDED INDICATIONS

SIZE: 1/64in0.[0.4 mm] TO 1/32in [0.8 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM/NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 30.

Notes:
1.4Ihusing these standards, the chart which is most representative of the size of the rounded indications present in the test specimen

radiograph, shall be used for determining conformance to these radiographic standards.

2. Since these are test welds specially made in the laboratory for classification purposes, the radiographic requirements for these test
welds are more rigid than those which may be required for general fabrication.

3. Indications whose largest dimension does not exceed 1/64 in [0.4 mm)] shall be disregarded.

Source: AWS A5.1/A5.1M:2004, ERRATA, Figure 7 on page 16.

Figure 7A—Radiograpihic Acceptance Stamdards for Rounded Imdications (Grade H————————
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(A) ASSORTED ROUNDED INDICATIONS

SIZE: 1/64 in [0.4 mm] TO 5/64 in [2.0 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD =27, WITH THE FOLLOWING RESTRICTIONS:

MAXIMUM NUMBER OF LARGE (1/16 in [1.6 mm] TO 5/64 in [2.0 mm] IN DIAMETER OR IN LENGTH) INDICATIONS = 3.
MAXIMUM NUMBER OF MEDIUM (3/64 in [1.2 mm] TO 1/16 in [1.6 mm] IN DIAMETER OR IN LENGTH) INDICATIONS = 8.
MAXIMUM NUMBER OF SMALL (1/64 in [0.4 mm] TO 3/64 in [1.2 mm] IN DIAMETER OR IN LENGTH) INDIGATIONS = 16.

(B) LARGE ROUNDED INDICATIONS

SIZE: 1/16in [1.6 mm] TO 5/64 in [2.0 mm] IN DIAMETER OR IN LENGJH:
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 14.

° °
° ° ° °
° ° ®
° ° °
) ° ° °
° ° ® . ° °
(€) MEDIUM ROUNDED INDICATIONS
SIZE: 3/64 in [1.2 mm] TO 1/16 in [1.6 mm}] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS’IN ANY 6 in [150 mm] OF WELD = 22.
[ ] °
L[] [ ]
[ ] ° ) ° ° L] ° ° [ ] .
° [ ]
° [ ]
o : N * ° ¢ ¢ o ° ® . ° *
° °
[ ] ° ° [ )
° ° ° ° ° ® °

(D) SMALL ROUNDED INDICATIONS

SIZE:4/64 in [0.4 mm] TO 3/64 in [1.2 mm] IN DIAMETER OR IN LENGTH.
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 44.

Notes:

r.

2.

3.

In using these standards, the chart which is most representative of the size of the rounded indications present in the test specimen
radiograph shall be used for determining conformance to these radiographic standards.

Since these are test welds specially made in the laboratory for classification purposes, the radiographic requirements for these test
welds are more rigid than those which may be required for general fabrication.

Indications whose largest dimension does not exceed 1/64 in [0.4 mm)] shall be disregarded.

Source: AWS A5.1/A5.1M:2004, ERRATA, Figure 7 on page 17.

Figure 7B—Radiographic Acceptance Stamdards for Roumded Imdications (Grade 2y
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lateral expansion of at least 0.015 in [0.38 mm], these results may be reported and used to determine conformity with the

classification. The additional set of three specimens may be taken from the original test assembly or from a new test
assembly that was welded to the requirements of this standard.

14. Fillet Weld Test

14.1 The fillet weld test assembly, when required in Table 5, shall be made in accordance with the requirements of 9.5,
and Figure 4 and AWS A4.5M/A4.5. There shall be no indication of cracks and the weld shall be reasonably free of under-
cut, overlap, trapped slag, and surface porosity. After the visual examination, the fillet weld size, leg lengths and convex-
ity shall be measured using the methods of AWS A4.5M/A4.5. Fillet weld measurements shall meet the requireméts of
Table 8 and Table 10 for convexity and permissible difference in the length of the legs.

14.2 A minimum of 10 in [250 mm] of the test assembly shall be broken longitudinally through the fillet eld by a force
exerted as shown in AWS A4.5M/A4.5. Cutting of the test assembly into two or more lengths before fracture is permitted,
but a sufficient number of segments shall be fractured such that a minimum of 10 in [250 mm)is examined. When
necessary, to facilitate fracture through the fillet, one or more of the procedures listed in AWS A4:5M/A4.5 may be used.

Tests in which the weld metal pulls out of the base metal during bending are invalid. Specimens.in which this occurs shall
be replaced, specimen for specimen, and the test completed. In this case, the doubling of the<Specimens required for retest
in Clause 8 does not apply.

14.3 The fractured surfaces shall be visually examined without magnification.\Fhe fracture surface shall be free of
cracks. Incomplete fusion at the weld root shall not be greater than 20% of the tofal length of the weld. There shall be no
continuous length of incomplete fusion greater than 1 in [25 mm] as measured*along the weld axis, except for electrodes
of E(X)XX13-G classifications. Fillet welds made with electrodes of/thiese classifications may exhibit incomplete
penetration through the entire weld length. They may also exhibit incQmplete fusion, which shall at no point exceed 25%
of the smaller leg of the fillet weld.

15. Moisture Test

15.1 The moisture content of the covering of the eléctrode, when required in Table 5, shall be determined by any suitable
method. In case of dispute, the method describedsin AWS A4.4M shall be the referee method.

15.2 The electrodes shall be tested without gonditioning, unless the manufacturer recommends otherwise. Conditioning
can be considered to be any special pxepuaration or procedure, such as baking the electrode. If the electrodes are
conditioned, that fact, along with themethod used for conditioning and the time and temperature involved in the
conditioning, shall be noted on the éertificate of conformance. The moisture content shall not exceed the limit specified
in Table 11 for the classification under test.

Table 10
Dimensional Requirements for Fillet Weld Usability Test Specimens
Measured Fillet Maximum Maximum Difference Between
Weld Size Convexity Fillet Weld Legs
in mm in mm in mm
N&0r less 3 or less 1/16 2 1/32 1
5/32 4 1/16 2 1/16 2
3/16 — 1/16 — 1/16
_ 5 _ 2 _
7/32 5 1/16 2 3/32 2
1/4 6 1/16 2 3/32 2
9/32 7 1/16 2 1/8 3
5/16 8 3/32 2 1/8 3
11/32 9 3/32 2 5/32 4
3/8 or more 10 or more 3/32 2 5/32 4
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16. Absorbed Moisture Test

16.1 In order for a low-hydrogen electrode to be designated as low-moisture-absorbing, with the “R” suffix designator,
sufficient electrodes shall be exposed to an environment of 80 °F [27 °C] and 80 percent relative humidity (RH) for a
period of not less than nine hours by any suitable method. In case of dispute, the exposure method described in 16.2
through 16.6 shall be the referee method. The moisture content of the electrode covering on the low-moisture-absorbing,
low-hydrogen electrodes, for example, E(X)XX15-X R, E(X)XX16-X R, E(X)XX18-X R, E(X)XX45-P2 R, and E(X)
XX18M(1) R, shall be determined by any suitable method. In case of dispute, the method described in AWS A4.4M shall
be the referee method for the determination of moisture content. The moisture content of the exposed covering shall not
exceed the maximum specified moisture content for the designated electrode and classification in Table 11.

16.2 An clectrode sample of the smallest and largest sizes of “R” designated electrodes shall be exposed. If thelectrodes
are conditioned prior to exposure, that fact, along with the method used for conditioning, and the time@ad‘temperature
involved in conditioning, shall be noted on the certificate of conformance. Conditioning of electrod¢s after exposure is
not permitted.

16.3 The electrode sample shall be exposed in a suitably calibrated and controlled environmental’chamber for a minimum
of nine hours at 80 °F to 85 °F [27 °C to 30 °C] and 80 to 85 percent relative humidity.

16.4 The environmental chamber shall meet the following design requirements:

(1) The apparatus shall be an insulated humidifier which produces the temperature of adiabatic saturation through
regenerative evaporation or vaporization of water.

(2) The apparatus shall have an average air speed of 100 fpm to 325 fpm [0.5 m/s to 1.7 m/s] within the envelope of
air surrounding the covered electrode.

(3) The apparatus shall have a drip-free area where the covered electrode up to 18 in [450 mm] in length can be
positioned with length as perpendicular as practical to the genetalair flow.

(4) The apparatus shall have a calibrated means of contiiiiously measuring and recording the dry bulb temperature
and either the wet bulb temperature or the differential bgtwieen the dry bulb and wet bulb temperature over the period of
time required.

(5) The apparatus shall have an air speed of.at Jeast 900 fpm [4.5 m/s] over the wet bulb sensor unless the wet bulb
sensor can be shown to be insensitive to air speéed or has a known correction factor that will provide for an adjusted wet
bulb reading equal to the temperature of adiabatic saturation.

(6) The apparatus shall have the wetbulb sensor located on the suction side of the fan so that there is an absence of
heat radiation on the sensor.

16.5 The exposure procedure shall be as follows:

(1) The electrode samyple, in previously unopened packages or from a reconditioned lot shall be brought to a tem-
perature, —0 °F, +10 °F\[=0 °C, +6 °C] above the dew point of the chamber at the time of loading.

(2) The electrgdesample shall be loaded into the chamber without delay after the packages are opened. Or; in the case
of a reconditioned lot, the sample shall be loaded without delay once conditioning is complete and the sample reaches
the temperature prescribed in 16.5 (1).

(3) Theelectrodes shall be placed in the chamber in a vertical or horizontal position on 1 in [25 mm] centers, with the
length of the electrode as perpendicular as practical to the general air flow.

(4) Time, temperature, and humidity shall be continuously recorded for the period that the electrodes are in the
chamber.

(5) Counting of the exposure time shall start when the required temperature and humidity in the chamber are
established.

(6) At the end of the exposure time, the electrodes shall be removed from the chamber and a sample of the electrode
covering taken for moisture determination, as specified in Clause 15, Moisture Test.
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Talbla-114

avic 11

Moisture Content Limits for Low-Hydrogen Electrode Coverings

AWS Electrode Designation® ? Limit of Moisture Content, % by weight max.
As-Received

AS5 AS5.5M or Reconditioned® As-Exposed?
E70XX-X, E70XX-X HZ E49XX-X, E49XX-X HZ 0.4 Not specified
E70XX-X R, E70XX-X HZ R E49XX-X R, E49XX-X HZ R 0.3 0.4
E80XX-X, ES0XX-X HZ ES5S5XX-X, ES5XX-X HZ 0.2 Not specified
ES80XX-X R, EB0XX-X HZ R ES5XX-X R, ES5XX HZ R 0.2 0.4
E90XX-X, E90XX-X HZ E62XX-X, E62XX HZ 0.15 Not spechfiad
E9018M, E9018M HZ E6218M, E6218M HZ ’ P
E90XX-X R, E90XX-X HZ R E62XX-X R, E62XX-X HZ R 0.15 0.4
E9018M R, E9018M HZ R E6218M, E6218M HZ R ’ ’
E100XX-X, E100XX-X HZ E69XX-X, E69XX-X HZ 0.15 Not specified
E10018M, E10018M HZ E6918M, E6918M HZ ’ P
E100XX-X R, E1I00XX-X HZ R E69XX-X R, E69XX-X HZ R 015 04
E10018M R, E10018M HZ R E69XXM R, E69XXM HZ R ’ ’
E110XX-X, E110XX-X HZ E76XX-X, E76XX-X HZ 015 Not snecified
E11018M, E11018M HZ E7618M, E7618M HZ : ot spectie
E110XX-G R, E110XX-G HZ R E76XX-G R, E76XX-G HZ R o\l3 04
E11018M R, E11018M HZ R E7618M R, E7618M HZ R ) ’
E120XX-G, E120XX-G HZ E83XX-G, E83XX-G HZ 015 Not snecified
E12018M, E12018M HZ E8318M, E8318M HZ ' OF speetie
E120XX-G R, E120XX-G HZ R E83XX-G R, E83XX-G HZ R 0.15 04
E12018M R, E12018M HZ R E8318M R, E8318M HZ R ’ ’
E12018M1, E12018M1 HZ E8318M1, E8318M1 HZ 0.10 Not specified
E12018M1 R, E12018M1 HZ R E8318M1 R, E8318MI1 HZ R 0.10 0.4

2 See Clause 16, Figure 1, and Table 12.

b The letters “XX" [“XX"] following the tensile strength designator in this table stand for the various designators (15, 16, 18, and 45) indicating suit-
able welding position, type of covering, and suitable curkéntitype of electrodes. The letter “X” in the composition designator position used in this table
is defined in Note a of Table 1.

¢ As-received or reconditioned electrode coverings, sliall*be tested as specified in Clause 15.

4 As-exposed electrode coverings shall be treated with a moist environment as specified in 16.2 through 16.6 before being tested as specified in 16.1.

16.6 The manufacturer shall Centrol other test variables which are not defined, but which must be controlled to ensure a
greater consistency of results.

17. Diffusible Hydrogen Test

17.1 The smallest and largest sizes of an electrode to be identified by an optional supplemental diffusible hydrogen des-
ignator-shall be tested according to one of the methods given in AWS A4.3. Based upon the average value of test results
that satisty the requirements of Table 12, the appropriate diffusible hydrogen designator may be added at the end of the
classification.

17.2 Testing shall be done without conditioning of the electrode, unless the manufacturer recommends otherwise.
Conditioning can be considered to be any special preparation or procedure, such as baking the electrode. If the electrodes
are conditioned, that fact, along with the method used for conditioning, and the time and temperature involved in the
conditioning shall be noted on the certificate of conformance.

17.3 For purposes of certifying compliance with diffusible hydrogen requirements, the reference atmospheric condition

shall be an absolute humidity of ten (10) grains of moisture/Ib [1.43 g/kg] of dry air at the time of welding. See A8.1.4 in
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Tabla-19

Taviv T«

Diffusible Hydrogen Requirements for Weld Metal with Optional Supplemental Designators®

Diffusible Hydrogen Average, MaximumP
Designator?® mL (H,)/100 g Deposited Metal
H16 16
HS8 8
H4 4

NOTES:

2 Diffusible hydrogen testing is only required when the diffusible hydrogen designator is added to the classification as specified, im~Figure 1.
See Clause 17.

b The lower average diffusible hydrogen levels (H8 and H4) may not be available in all low hydrogen classifications. Electrodes meeting’requirements
for an H4 designator also meet the requirement for an H8 and H16. Electrodes meeting the requirements for an H8 designator dlse,meet the require-
ments for HI6.

¢ Optional diffusible hydrogen designators are applicable for all E(X)XX15(-)X, E(X)XX16(-)X, E(X)XX18(-)X or E(X)XX45(~)X" classifications with
the exception of those austenitic manganese classifications as indicated by the Mn2 composition designator.

Annex A. The actual atmospheric conditions shall be reported along with the average~value for the tests, according to
AWS A4.

17.4 When the absolute humidity equals or exceeds the reference conditionvat the time of preparation of the test
assemblies, the test shall be acceptable as demonstrating compliance with the requirements of this specification provided
the actual test results satisfy the diffusible hydrogen requirements for the ‘applicable designator. If the actual test results
for an electrode meet the requirements for the lower or lowest hydrogén’designator, as specified in Table 12, the electrode
also meets the requirements for all higher hydrogen designators in Table 12 without need to retest.

18. Method of Manufacture

The electrodes classified according to this specification-may be manufactured by any method that will produce electrodes
that meet the requirements of this specification.

19. Standard Sizes and Lengths

Standard sizes (diameter of the core'wire) and lengths of electrodes and their respective tolerances are as specified in
AWS A5.02/A5.02M.

20. Core Wire-and Covering

Requirements forutlie core wire and covering, including concentricity requirements, are as specified in AWS A5.02/
A5.02M.

21 Exposed Core
21.1 Requirements for the grip end of each electrode are as specified in AWS A5.02/A5.02M.
21.2 Requirements for the arc end of each electrode are as specified in AWS AS5.02/A5.02M.

22. Electrode Identification
22.1 All electrodes shall be identified (imprinted) as specified in AWS A5.02/A5.02M.

22.2 In lieu of imprinting, electrodes may be identified by the alternate methods specified in AWS A5.02/A5.02M.
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22.3 In the case of electrodes that have two classifications, in accordance with 3.2, whether the method of identification

in 22.1 or 22.2 is chosen, it is at the manufacturer s discretion to identify electrodes with either of the classifications or
both of the classifications. Purchaser can specify a preference for identification using AWS A5.01M/A5.01.

23. Packaging

Electrodes shall be packaged as specified in AWS A5.02/A5.02M. E(X)XX18M(1) electrodes shall be packaged in her-
metically sealed containers. These containers shall be capable of passing the test specified in AWS A5.02/A5.02M for
hermetically sealed containers.

24. Marking of Packages

24.1 The product information specified in AWS A5.02/A5.02M (as a minimum) shall be legibly mafked on the outside
of each unit package.

24.2 The appropriate precautionary information as given in ANSI Z49.1 (as a minimum).Oxr'its equivalent, shall be
prominently displayed in legible print on all packages of electrodes, including individual @nit*packages enclosed within
a larger package. Typical examples of “warning labels” and precautionary informatign{are shown in figures in ANSI
Z49.1 for some common or specific consumables used with certain processes.

194


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

ASME BPVC.IL.C-2023 SFA-5.5/SFA-5.5M

Annex-A-(Informative)
Guide to AWS Specification for Low-Alloy Steel
Electrodes for Shielded Metal Arc Welding

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

Al. Introduction

The purpose of this guide is to correlate the electrode classifications with their intended applications, soithespecification
can be used effectively. Appropriate base metal specifications are referred to whenever that can be-done and when it
would be helpful. Such references are intended as examples rather than complete listings of the-base’metals for which
each filler metal is suitable.

A2. Classification System

A2.1 The system for identifying the electrode classification in this specification fellows the standard pattern used in
other AWS filler metal specifications. The prefix letter “E” at the beginning of each classification stands for electrode.
The first two (or three) digits, 70 (or 110) [49 (or 76)], for example, designate*tensile strength of at least 70 (or 110) ksi
[490 (or 760) MPa] of the weld metal, welded and postweld heat treated-(if teéquired) in accordance with the test assembly
preparation clause of this specification. It should be noted that there-are some exceptions to this general rule. For exam-
ple, in the case of E7015-B2L [E4916-B2L], the minimum tensile strength is 75 ksi [520 MPa]. Therefore, it is important
to review the actual requirements listed within this specificatiotnFhe third (or fourth) digit designates position usability
that will allow satisfactory welds to be produced with the eleetrode.

Thus, the “1,” as in E7018-C2L (or E11018M) [E4918-€2L (or E7618M)], means that the electrode is usable in all posi-
tions (flat, horizontal, vertical, and overhead). The “2;” as in E7020-A1 [E4920-A1], designates that the electrode is
suitable for use in the flat position and for makKing fillet welds in the horizontal position. The “4” as in E8045-P2
[E5545-P2], designates that the electrode is usabl€ in the flat, horizontal, and overhead positions, and is especially suit-
able for vertical welding with downward progtession. The last two digits taken together designate the type of current with
which the electrode can be used and the type of covering on the electrode, as listed in Table 1.

With the exception of the military-sitilar electrodes (i.e., E(X)XX18M(1)), the classifications in this specification also
include a suffix designator, separated by a hyphen from the tensile strength and usability designators. This composition
designator, such as A1, B3, or W/, immediately identifies the classification as different from those in AWS A5.1/A5.1M,
Specification for Carbon Steel Electrodes for Shielded Metal Arc Welding. The composition designator identifies the
chemical composition of the weld metal as specified in Table 2. For example, an “A1” composition designator identifies
the electrode as one-thiat'produces carbon-molybdenum steel weld metal, when the electrode is deposited using shielded
metal arc welding.

A2.2 Optionakdésignators are also used in this specification in order to identify electrodes that have met the mandatory
classification‘requirements and certain supplementary requirements as agreed upon between the purchaser and supplier.
Certain{low-hydrogen electrodes may have optional designators. An optional supplemental designator “HZ” following
the ¢omposition designator indicates an average diffusible hydrogen content of not more than “Z” mL/100 g of deposited
metal when tested in the “as-received” or conditioned state in accordance with AWS A4.3. Electrodes that are designated
as' meeting the lower or lowest hydrogen limits, as specified in Table 12, are also understood to be able to meet any higher
hydrogen limits even though these are not necessarily designated along with the electrode classification. Therefore, as an
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example, an electrode designated as “H4” also meets “H8” and “H16” requirements without being designated as such.

See Clause 17, Figure 1, and Table 12.

A letter “R” is a designator used with the low-hydrogen electrode classifications. It is used to identify electrodes that have
been exposed to a humid environment for a given length of time and tested for moisture absorption in addition to the
standard moisture test required for classification of low hydrogen electrodes. See Clause 16, and Note d to Table 1, as
well as Figure 1 and Table 11.

A2.3 “G” Classification

A2.3.1 This specification includes filler metals classified as E(X)XXXX-G. The “G” indicates that the filler metal’is
of a general classification. It is general because not all of the particular requirements specified for each of the other
classifications are specified for this classification. The intent, in establishing this classification, is to provide a mieans by
which filler metals that differ in one respect or another (chemical composition, for example) from all other classifications
(meaning that the composition of the filler metal—in the case of the example—does not meet the composition specified
for any of the classifications in the specification) can still be classified according to the specification;) The purpose is to
allow useful filler metal, one that otherwise would have to await a revision of the specification, to be elassified immediately,
under the existing specification. This means, then, that two filler metals, each bearing the samé “G” classification, may
be quite different in some certain respect (chemical composition, again, for example).

A2.3.2 The point of difference between filler metal of a “G” classification and filler mietal of a similar classification
without the “G” (or even with it, for that matter) may be further clarified from the use of the words “not required” and
“not specified” in the specification. The use of these words is as follows:

Not Required is used in those areas of the specification that specify the tests\that must be conducted in order to classify
a welding material. It indicates that that test is not required because the results for the particular test are not a requirement
for that particular classification. When a test is “not required”, it is notdiecessary to conduct the corresponding test in
order to classify a filler metal to that classification. When a purchaset"wants the information provided by that test in order
to consider a particular product of that classification for a certain-application, the purchaser will have to arrange for that
information with the supplier of the product. The purchaser will.have to establish with that supplier just what the testing
procedure and the acceptance requirements are to be for thattest. The purchaser may want to incorporate that information
(via AWS AS5.01M/A5.01) in the purchase order.

Not Specified is used in those areas of the specifigation that refer to the results of some particular test. It indicates that
the requirements for that test are not specified foirthat particular classification. If the required results from a specific test
are listed as “not specified” but the test in question is shown as “required” then the test results must be reported.

A2.3.3 Request for Filler Metal Classification. When a filler metal cannot be classified other than as a “G”
classification, a manufacturer may request that a new classification be established. The manufacturer shall do this using
the following procedure:

(1) Arequest to establish a new filler metal classification must be submitted in writing. The request needs to provide
sufficient detail to permit the Committee on Filler Metals and Allied Materials and the relevant Subcommittee to deter-
mine whether a new classification or the modification of an existing classification is more appropriate, or if neither is
necessary. In particuldr, the request needs to include:

(a) Declaration that the new classification will be offered for sale commercially;

(b) All-classification requirements as given for existing classifications, such as, chemical composition ranges,
mechanigal property requirements, and usability test requirements;

(€) Any conditions for conducting the tests used to demonstrate that the filler metal meets the classification
requirements (It would be sufficient, for example, to state that welding conditions are the same as for other classifications);

(d) Information on Descriptions and Intended Use, which parallels that for existing classifications (for that clause
of the Annex);

(e) Actual test data for all tests required for classification according to the requirements of the specification for
a minimum of two production heats/lots must be provided. In addition, if the specification is silent regarding mechanical
properties, test data submitted shall include appropriate weld metal mechanical properties from a minimum of two pro-

duction heats/lots.
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A request for a new classification without the above information listed in (a) through (e) will be considered incom-

plete. The Secretary will return the request to the requester for further information.

(2) In order to comply with the AWS Policy on Patented Items, Trademarks, and Restraint of Trade, if the proposed
new classification is patented, if a patent is pending for it, or if there is any intention to apply for a patent, the requester
shall disclose this. In these cases, the patent holder must allow the use of this technology, such as by license. The
Secretary will provide examples of acceptable wording to the patent holder, as required.

(3) The request should be sent to the Secretary of the Committee on Filler Metals and Allied Materials at AW:S
Headquarters for processing.

A2.3.4 After the fixed classification is established the —G classification may be retained for a period to allowfor users
to transition existing documents to the fixed classification.

A2.4 International Classification System

An international system for designating welding filler metals has been developed by ISO. A.complete series of ISO
standards for filler metals and allied materials, including the vast majority of AWS classifications, but not all, has now
been published. Some of these ISO standards have a single way of classification, like AWSstandards. A number of the
ISO standards dealing with steels are cohabitation standards. A cohabitation standardsspecifies two parallel systems,
roughly corresponding to the European system (the “A” side) and the AWS system (the*B” side). In each case, the “B”
side is usually similar to the AWS designation. Annex Table A1 shows the classifications and designations, appearing in
ISO specifications, similar to filler metal classifications included in this specification.

A3. Acceptance

Acceptance of all welding materials classified under this specifi€ation is in accordance with AWS A5.01M/A5.01 as the
specification states. Any testing a purchaser requires of the supplier, for material shipped in accordance with this specifi-
cation, needs to be clearly stated in the purchase order, accerding to the provisions of AWS A5.01M/AS5.01. In the absence
of any such statement in the purchase order, the supplier may ship the material with whatever testing the supplier nor-
mally conducts on material of that classification, agspecified in Schedule F, Table 1, of AWS A5.01M/AS5.01. Testing in
accordance with any other Schedule in that Tableymust be specifically required by the purchase order. In such cases,
acceptance of the material shipped will be in a@ccordance with those requirements.
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Talbla A-:

TAavic
Comparison of Classifications q/"
15O AWS (LQ
2560A2 | 2560B" | 3580A° | 3580B" | 18275A° | 18275B¢ A5S | A5.5M N
Carbon-Molybdenum Steels Electrodes \C)
E38xMo [E49XX-1M3 |EMoX  [E49XX-MM3 | | |[E70XX-Al |E49XX-Al (bK
Manganese Molybdenum Steel Electrodes
E55XX-3M2 E8018-D1 E55XX-Dl1 \\
E69XX-4M2 E100XX-D2 E69XX-D2\ "
E550XMnMo E62XX-3M3 E90XX-D3 E62XX D3
Chromium-Molybdenum Steel Electrodes _ .\)
ECtMo0.5 |ES5XX-CM E80XX-Bl1 X-B1
ECtMol _ |E55XX-1CM E80XX-B2 . |E55XX-B2
ECtMolL |E55XX-1CML E70XX-B2L =\ |E49XX-B2L
ECtMolL |E55XX-1CML E80XX-B2L _~{ E55XX-B2L
ECtMo2  |E62XX-2CIM E90XX-B3 , E62XX-B3
ECtMo2L _ |E55XX-2CIML E80XX-B3L/ E55XX-B3L
E55XX-2CMIL E80XX-BaL E55XX-B4L
E55XX-CIM E80XX-B5 E55XX-B5
ECtMo5  |E55XX-5CM |E80XX-B6 E55XX-B6
ECtMo5  |E62XX-5CM 0XX-B6 E62XX-B6
E55XX-5CML SO\ | E80XX-B6L E55XX-B6L
E55XX-7CM () [B8oxx-B7 E55XX-B7
E55XX-7CML =\ |E80XX-B7L E55XX-B7L
ECtMo9  |E55XX-9CIM AX ES0XX-B8 E55XX-B8
E55XX-9CIML ) E80XX-BSL E55XX-BSL
N E90XX-B9A E62XX-B9A
— — AN E90XX-B23 E62XX-B23
P [E80XX-B234 E55XX-B234
— — [ E90XX-B24 E62XX-B24
ECtMo91  |[Ee2XX-9CIMV [ , O~ E90XX-B91 E62XX-BI1
— — ~X E90XX-B92 E62XX-B92
DYV E90XX-B924 E62XX-B924
~ } E9015-B115 E6215-BI15
QQ\Nickel Steel Electrodes
E55XX-N5 o E80XX-C1 E55XX-C1
N7 E62XX-N5MI | E90XX-CI E62XX-C1
E49XX-N5 KN E70XX-CIL E49XX-CIL
E55XX-N7 .o E80XX-C2 E55XX-C2
E49XX-N7 N E70XX-C2L E49XX-C2L
E38XINi E55XX-N2 e E80XX-C3 E55XX-C3
E49XX-N2 [, ~ E70XX-C3L E49XX-C3L
E55XX-N3 . [)* E80XX-C4 E55XX-C4
E6215-N13L \| E90XX-C5L E62XX-C5L
E49XX-NI E70XX-C6 E49XX-C6
E55XX3N3 E80XX-C7 E55XX-C7
m\‘ Nickel-Molybdenum Steel Electrodes
E38XINiMo ([B55XX-N2M3 ESOXX-NMI E55XX-NMI
— (41 — E62XX-N3M2 _ |E90XX-NM2 E62XX-NM2
oY E62XX-NIMI | E90XX-NM4 E62XX-NM4
Re Xt E69XX-N3CM1 |E100XX-NM3 E69XX-NM3
NN EG69XX-N7CM3 |EI00XX-NM5 EG69XX-NM5
<& E78XX-N4CM2 | E110XX-NM6 E76XX-NM6
O i E78XX-N5M4 | EI10XX-NM7 E76XX-NM7
é Military-Similar Electrodes
@Q/ E55X1,5NiMo EG6218-N3MI  |E9018M E6218M
% E6918-N3M2  |E10018M E6918M
X~ E69XMn2NiCrMo |E7618-N4ACM2  |E11018M E7618M
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Table-At{(Contintted)—m
Comparison of Classifications
ISO AWS
2560A° 2560B* 3580A° 3580B" 18275A¢ 18275B¢ A5.5 A5.5M

E12018M1 E8318M1

Weathering Alloy Steels
E49XX-NCC2 E7018-W1 E49XX-W1
E5518-NCC1 E8018-W2 E55XX-W2
High Manganese Electrodes

E10016-Mn2 | E6916-Mn2
E10018-Mn2_|£6918-Mn2

NOTES:

21S0O 2560, Welding consumables—Covered electrodes for manual metal arc welding of nonalloy and fine grain steels—Classifiéation.
IS0 3580, Welding consumables—Covered electrodes for manual metal arc welding of creep-resisting steels—Classification.

¢ ISO 18275, Welding consumables—Covered electrodes for manual metal arc welding of high-strength steels—Classification.

Ad4. Certification

The act of placing the AWS specification and classification designations, and eptional designators, if applicable, on the
packaging enclosing the product, or the classification on the product its€lf, constitutes the supplier’s (manufacturer’s)
certification that the product meets all of the requirements of the specifteation. The only testing requirement implicit in
this certification is that the manufacturer has actually conducted the/tests required by the specification on material that is
representative of that being shipped and that the material met thetequirements of the specification. Representative mate-
rial, in this case, is any production run of that classification using the same formulation. Certification is not to be con-
strued to mean that tests of any kind were necessarily condusted on samples of the specific material shipped. Tests on
such material may or may not have been made. The basis for the certification required by the specification is the classi-
fication test of representative material cited above, afid the Manufacturer’s Quality Assurance Program as defined in
AWS A5.01M/A5S.01.

AS. Ventilation During Welding

AS5.1 Five major factors govern thé&iquantity of fumes in the atmosphere to which welders and welding operators are
exposed during welding. They are}

(1) Dimensions of the spa¢e in which welding is done (with special regard to the height of the ceiling)
(2) Number of welders-and welding operators working in that space
(3) Rate of evelution of fumes, gases, or dust, according to the materials and processes used

(4) The proximity of welders and welding operators to the fumes, as these fumes issue from the welding zone, and to
the gases and-dust in the space in which they are working

(5) (The ventilation provided to the space in which the welding is done

A5:2-American National Standard ANSI Z49.1, published by the American Welding Society, discusses the ventilation
that is required during welding and should be referred to for details. Attention is drawn particularly to the clause on
Ventilation in that document. See also AWS F3.2, Ventilation Guide for Weld Fume for more detailed descriptions of
ventilation options.

A6. Welding Considerations

A6.1 Weld metal properties may vary widely. according to size of the electrode and amperage used, size of the weld
beads, base metal thickness, joint geometry, preheat and interpass temperatures, surface condition, base metal composi-
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tion, dilution, etc. Because of the profound effect of these variables, a test procedure was chosen for this specification that

would represent good welding practice and minimize variation of the most potent of these variables.

A6.2 Tt should be recognized, however, that production practices may be different. The differences encountered may
alter the properties of the weld metal. For instance, interpass temperatures may range from subfreezing to several hundred
degrees. No single temperature or reasonable range of temperatures can be chosen for classification tests which will be
representative of all of the conditions encountered in production work.

Properties of production welds may vary accordingly, depending on the particular welding conditions. Weld metal prop-
erties may not duplicate, or even closely approach, the values listed and prescribed for test welds. For example, ductility
in single-pass welds in thick base metal made outdoors in cold weather without adequate preheating may drop to tittle
more than half that required herein and normally obtained. This does not indicate that either the electrodes or the welds
are below standard. It indicates only that the particular production conditions are more severe than the test-conditions
prescribed by this specification.

A6.3 Hydrogen is another factor to be considered in welding. Weld metals, other than those from low-hydrogen electrodes
{E(X)XX15-X, E(X)XX16-X, E(X)XX18-X, E(X)XX18M(1), and E(X)XX45-X}, contain sighificant quantities of
hydrogen for some period of time after they have been made. Most of this hydrogen gradually eseapes. After two to four
weeks at room temperature or in 24 to 48 hours at 200 °F to 220 °F [95 °C to 105 °C], most.6fit'has escaped. As a result
of this change in hydrogen content, ductility of the weld metal increases towards its inhere¢nt' value, while yield, tensile,
and impact strengths remain relatively unchanged.

This specification permits aging of the weld plate or test specimens of cellulosic electrodes at 200 °F to 220 °F [95 °C to
105 °C] for 48 hours before subjecting them to tension testing. This is done to/fhinimize discrepancies in testing. Aging
treatments are sometimes used for low-hydrogen electrodes, especially when testing high-strength deposits. Note that
aging may involve holding test specimens at room temperature for several‘ays or holding at a higher temperature for a
shorter period of time. Consequently, users are cautioned to employ adequate preheat and interpass temperatures to avoid
the deleterious effects of hydrogen in production welds.

A6.4 When weldments are given a postweld heat treatment, the,temperature and time at temperature are very important.
The tensile and yield strengths are generally decreased as postweld heat treatment temperatures and time at temperature
are increased.

A6.5 Welds made with electrodes of the same classification and the same welding procedure may have significantly
different tensile and yield strengths in the as-welded and postweld heat-treated conditions. Even weld metal produced
from the same classification and the same ‘welding procedure but with different postweld heat-treatment holding
temperatures or times at holding temperatGres may have different strength levels. With low-alloy steel weld metals
produced by the classifications in this ‘Specification, postweld heat treatment can produce tempering (softening) or
secondary hardening of the weld mefal. It is recommended that users conduct their own evaluation of the welding
procedure to be used in production in‘order to verify that the weld metal properties obtained in actual production are those
desired.

A6.6 Preheat and interpassiminimum temperatures also have a significant effect on the strength levels attained with
certain low-alloy steel-weld metals. These weld metals are affected by rapid cooling rates which tend to produce more
martensitic or bainitic fmicrostructures. These microstructures will often exhibit higher yield and tensile strengths with a
decrease in ductility. The cooling rate can be retarded by utilizing a higher preheat and interpass temperature. The preheat
and interpass temperature ranges given in Table 7 of this specification are adequate for the preparation of the test
assemblies. However, in actual production, users are encouraged to test their own procedures to verify that they have
selected proheat and interpass temperatures which will produce desirable results.

A6.7_ Heat input usually is measured as Joules per linear inch, J/in [kJ/mm]. However, in this specification the heat input
iSigoverned in the preparation of the test assembly by the bead sequence and the total weld layer count upon completion
of the groove weld test assembly.

Heat input will have a significant effect on the strength levels attained in many of the higher strength weld metals pro-
duced from the electrode classifications in this specification. For instance, weld metal produced with E11018M [E7618M]
electrode at a 35 000 J/in [1.38 kJ/mm] heat input may exceed 110 ksi [760 MPa] yield strength in the as-welded condi-
tion and 95 ksi [655 MPa] yield strength after postweld heat treatment. On the other hand, if the heat input is raised to 55

000 J/in [2.17 kJ/mm], this same electrode will produce weld metal that does not exceed 110 ksi [760 MPa] as-welded

200


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

ASME BPVC.IL.C-2023 SFA-5.5/SFA-5.5M

yield strength and after postweld heat treatment may be below 95 ksi [655 MPa] yield strength. It is, therefore, recom-

mended that, if the user is going to use either lower or higher heat inputs than normally used for classification testing of
electrodes, the user should test the welding procedure to be used to determine that the strength levels expected will be
attained in production. This is especially true if out-of-position welding is to be performed.

A6.8 Other than “-G” classifications, electrodes that meet all the requirements of any given classification may be
expected to have similar characteristics. Certain minor differences continue to exist from one brand to another due to
differences in preferences that exist regarding specific operating characteristics.

A6.9 Since electrodes within a given classification have similar operating characteristics and mechanical propertiesythe
user can usually limit study of available electrodes to those within a single classification after determining which
classification best suits the user’s particular requirements.

A6.10 This specification does not establish values for all characteristics of the electrodes falling-Within a given
classification, but it does establish values to measure those of major importance. In some instarices, a particular
characteristic is common to a number of classifications and testing for it is not necessary./An-other instances, the
characteristics are so intangible that no adequate tests are available. This specification does notiecessarily provide all the
information needed to determine which classification would best fulfill a particular need<{Fhe information included in
Clause A7 regarding typical applications for each classification supplements information given elsewhere in the
specification and is intended to provide assistance in making electrode selections. However, it must be noted that it is the
fabricator’s responsibility to ensure that the electrode selected will satisfy all of the performance requirements for the
intended applications under the specific fabrication conditions in use.

A6.11 Some important tests for measuring major electrode characteristicgate as follows:

A6.11.1 Radiographic Test. Nearly all of the low-alloy steel eleettodes covered by this specification are capable of
producing welds that meet most radiographic soundness requireméats. However, if incorrectly applied, unsound welds
may be produced by any of the electrodes. For electrodes of sonie/classifications, the radiographic requirements in Table
9 are not necessarily indicative of the average radiographic seundness to be expected in production use. Electrodes of the
E(X)XX10-X, E(X)XX11-X, and E7020-X classifications,cah be expected to produce acceptable radiographic results.
Under certain conditions, notably in welding long, céntinuous joints in relatively thick base metal, low-hydrogen
electrodes of the E(X)XX15-X, E(X)XX16-X, EX)XX18M(1), E(X)XX18-X, and E(X)XX45-X classifications will
often produce even better results.

On the other hand, in joints open to the atmdsphere on the root side, at the ends of joints, in joints with many stops and
starts, and in welds on small diameter pipeor in small, thin, irregularly-shaped joints, the low-hydrogen electrodes tend
to produce welds of poor radiographic seundness. E(X)XX13-X electrodes usually produce the best radiographic sound-
ness in welding small, thin parts.

E7027-X [E4927-X] electrodes@roduce welds which may be either quite good or rather inferior in radiographic sound-
ness. The tendency is the lattes:

A6.11.2 Fillet Weld,Test. This test is included as a means of demonstrating the usability of an electrode. This test is
concerned with the appearance of the weld (i.e., weld face contour and smoothness, undercut, overlap, size, and resistance
to cracking). It also provides an excellent and inexpensive method of determining the adequacy of fusion at the weld root
(one of the important considerations for an electrode). Test results may be influenced by the level of welder skill.

A6.11.3 Toughness. Charpy V-notch impact requirements are included in the specification. All classifications of
electrodes)in the specification can produce weld metal of sufficient toughness for many applications. The inclusion of
impact) requirements for certain electrode classifications allows the specification to be used as a guide in selecting
electrodes where low-temperature toughness is required. There can be considerable variation in the weld-metal toughness
unless particular attention is given to the welding procedure and the preparation and testing of the specimens. The impact
energy values are for Charpy V-notch specimens and should not be confused with values obtained with other toughness
tests.

A6.12 Electrode Covering Moisture Content and Conditioning

A6.12.1 Hydrogen can have adverse effects on welds in some steels under certain conditions. One source of this
hydrogen is moisture in the electrode coverings. For this reason, the proper storage, treatment, and handling of electrodes

are necessary.
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A6.12.2 Electrodes are manufactured to be within acceptable moisture limits, consistent with the type of covering and

strength of the weld metal. They are then normally packaged in a container, which has been designed to provide the
degree of moisture protection considered necessary for the type of covering involved.

A6.12.3 Ifthere is a possibility that the noncellulosic covered electrodes may have absorbed excessive moisture, they
may be reconditioned by rebaking. Some electrodes require rebaking at a temperature as high as 800 °F [425 °C] for
approximately 1 to 2 hours. The manner in which the electrodes have been produced and the relative humidity and
temperature conditions under which the electrodes are stored determine the proper length of time and temperature used
for conditioning. Some typical storage and drying conditions are included in Table A2.

A6.12.4 Cellulosic coverings for E(X)XX10-X and E(X)XX11-X classifications need moisture levels of approximately
3% to 7% for proper operation. Therefore, storage or conditioning above ambient temperature may dry these electrodes
too much and adversely affect their operation (see Table A2).

A6.13 Core Wire. The core wire for all the electrodes in this specification is usually (but not always) a niild steel having
a typical composition which may differ significantly from that of the weld metal produced by the coyered electrode.

A6.14 Coverings

A6.14.1 Electrodes of some classifications have substantial quantities of iron and other metal powders added to their
coverings. (Use of the term “iron powder” herein is intended to include metal powders added to the coating for alloying
of the weld metal. For example, quite large quantities of chromium and ferro-chromium ‘powders can be added in such
alloy designations as B7, B8, and B91.) The iron powder fuses with the core wire as thé electrode melts, and is deposited
as part of the weld metal, just as is the core wire and other metals in the covering: Relatively high currents can be used
since a considerable portion of the electrical energy passing through the elegtrode is used to melt the thicker covering
containing iron powder. The result is that more weld metal may be obtain€d from a single electrode with iron powder in
its covering than from a single electrode of the same size without iron peWwder.

A6.14.2 Due to the thick covering and deep cup produced at theiarcing end of the electrode, iron powder electrodes
can be used very effectively with a “drag” technique. This technique consists of keeping the electrode covering in contact
with the workpiece at all times, which makes for easy handling. However, a technique using a short arc length is preferable
if the 3/32 in [2.5 mm] or 1/8 in [3.2 mm] electrodes are to be used in other than flat or horizontal fillet welding positions
or for making groove welds.

Table A2
Typical Storage and Drying Conditions for Covered Arc Welding Electrodes
AWS Classifications Storage Conditions®
ASS ASSM Ambient Air Holding Ovens Drying Conditions”
E(X)XX10-X EXX10-X .
Ambient temperature Not recommended Not recommended
EX)XX11-X BEXX11-X
E(X)XX13-G EXX13-G 60°F-100 °F
o o R o 250 °F-300 °F
E7020-X E4920-X [15°C-40 °C] 100 °F-120 °F [125 °C-150 °C]
50% max. [40 °C-50 °C]
E7027-X E4927-X . o 1 hour at temperature
relative humidity

E(X)XX156-X EXX15-X
EX)yXXt6-X EXX16-X 250 °F_300 °F 500 °F-800 °F
BEOXX18M(1) EXX18M(1) Not recommended® [125 °C_150 °C] [250 °C—425 °C]
E(X)XX18-X EXX18-X 1 hour at temperature
EX)XX45-X EXX45-X
NOTES:

2 After removal from manufacturer’s packaging.
b Because of inherent differences in covering compositions the manufacturer should be consulted for the exact drying conditions.

Somec of these clectrode classitications may be designated as meeting Jow moisture absorbing requirements. 11is designation does not imply that stor-
age in ambient air is recommended.
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A6.14.3 The E70XX-X [E49XX-X] electrodes were included in this specification to recognize the lowest strength

levels obtained with low-alloy steel electrodes, as well as to recognize the industry demand for low-alloy electrodes with
70 ksi [490 MPa] minimum tensile strength. Unlike the E70XX [E49XX] classifications in AWS A5.1/A5.1M, these
electrodes do contain deliberate alloy additions, and some are required to meet minimum tensile properties after postweld
heat treatment.

A6.14.4 Low-hydrogen electrodes have mineral coverings, which are high in calcium carbonate and other ingredients
that are low in moisture and organic materials and hence “low in hydrogen content.” Low-hydrogen electrodes were
developed for welding low-alloy, high-strength steels, some of which were high in carbon content. Electrodes with-Qther
than low-hydrogen coverings may produce “hydrogen induced cracking” in those steels. These underbead crack§*occur
in the base metal, usually just below the weld bead. Weld cracks also may occur. These cracks are caused by the:hydrogen
absorbed from the arc atmosphere. Although these cracks do not generally occur in carbon steels which hayeJow carbon
content, they may occur when welding higher carbon or low-alloy steels with other than low-hydrogenelectrodes and
without precautions, such as increased preheat temperatures and postweld heating. For more informdtion on special tests
for low-hydrogen electrodes, see Clauses 16 and 17 in the specification and A8.1 and A8.3 in this)yAnnex.

Some extra-low hydrogen (H4) electrode coatings may be prone to reduced operability andvproducing unacceptable
porosity. The unacceptable condition is usually associated with varying or excessive arc length and is highly dependent
on operator skill level.

A6.15 Welding Parameters. Appropriate parameters vary by product, polarity, welding position, etc. The electrode
manufacturer should be consulted for recommended parameters.

AT7. Description and Intended Use of Electrodés

A7.1 Chemical Composition. The chemical composition of thelweld metal produced is often the primary consideration
for electrode selection. Together with appropriate heat treatnfents, each composition can achieve a wide range of corro-
sion resistance and mechanical properties at various servige temperatures. It is usually desirable for weld metal to match
the chemical composition and the mechanical propertiés of the base metal as closely as possible. In fact, many of the
electrodes classified to this specification have beew developed for specific base metal grades or classes. If an optimum
match is not possible, engineering judgment together with weld testing may be required to select the most suitable elec-
trodes.

Table 2 provides detailed weld metal chemical composition requirements for each electrode classification. Tables 3 and
4 list the mechanical properties of the weld metal when the electrode is used in the flat downhand position, and the weld-
ment is subjected to the postweld heaf\treatment (PWHT) requirements in Tables 3 and 7. It should be noted that changes
in welding position, welding variables, or heat treatment can be expected to affect the mechanical properties. However,
except for the effects of dilutioni-the chemical composition can be expected to remain reasonably unchanged.

The suffixes, which are pattiof each alloy electrode classification, identify the chemical composition of the weld metal
produced by the electfode. The following paragraphs highlight the differences between these electrodes and electrode
groups and indicate'typical applications.

A7.1.1 E70XX-A1 [E49XX-A1] (C-Mo Steel) Electrodes. These electrodes are similar to the E70XX [E49XX]
carbon steelSeléctrodes classified in AWS A5.1/A5.1M, except that 0.5% molybdenum has been added. This addition
increases the strength of the weld metal, especially at elevated temperatures, and provides some increase in corrosion
resistance; however, it may reduce the notch toughness of the weld metal. Typical applications include the welding of
CMo-steel base metals such as ASTM A204 plate and A335-P1 pipe.

A7.1.2 EXXXX-BX and EXXXX-BXL (Cr-Mo Steel) Electrodes. These low-hydrogen electrodes produce weld
metal that nominally contains between 0.5% and 10% chromium and up to 1.25% molybdenum. They are designed to
produce weld metal for high-temperature service and for matching the properties of the typical Cr-Mo base metals, some
of which are shown in Table 6.

For many of these Cr-Mo electrode classifications, low carbon EXXXX-BXL classifications have been established.
While regular Cr-Mo electrodes produce weld metal with about 0.08% carbon, the “L-Grades” are limited to a maximum
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Since all Cr-Mo electrodes produce weld metal which will harden in still air, both preheat and PWHT are required for

most applications.

No minimum notch toughness requirements have been established for any of the Cr-Mo electrode classifications. While
it is possible to obtain Cr-Mo electrodes with minimum toughness values at ambient temperatures down to 32 °F [0 °C],
specific values and testing must be agreed upon between the purchaser and supplier.

A7.1.2.1 E70XX-B2L [E49XX-B2L]| and E80XX-B3L [E55XX-B3L| Electrodes. In AWS A5.5-81, and
previous revisions, electrodes classified as E70XX-B2L [E49XX-B2L] were classified as ESOXX-B2L [ES5XX-B2L].
Likewise, electrodes herein classified as ESOXX- B3L [ES5XX-B3L] were classified as EQOXX-B3L [E62XX-B3L]. The
composition ranges in AWS A5.5-96, or the present edition, have not been changed from A5.5-81 for the corresponding
classifications. The strength designations and room-temperature strength requirements after postweld heat treatmenthave
been reduced to reflect the fact that commercial products had been producing marginal tensile strength tesults in
classification tests over many years. The base metals with which these classifications are generally used have lower
strength requirements than were reflected by the former electrode classifications. Therefore, unless the higher strength
indicated by the former classifications of these electrodes is specifically necessary for a particular welding procedure, the
E70XX-B2L [E49XX-B2L] classifications in this standard should be considered as identical to’ the corresponding
E80XX-B2L [E55XX-B2L] classifications of A5.5-81. Likewise, the ES0XX-B3L [ES5XX-B31 classifications in this
standard should be considered as identical to the E90XX-B3L [E62XX-B3L] classifications-of A5.5-81.

A7.1.2.2 E8015 B6 [E5515-B6] and E8015 B6L [E5515-B6L| Electrodes. The ES8015-B6 [ES515-B6] and
E8015-B6L [E5515-B6L] electrodes were formerly classified as E502-15 in AWS 'A5.4-92, Specification for Stainless
Steel Electrodes for Shielded Metal Arc Welding. The E8016-B6 [E5516-B6] and E8016-B6L [ES516-B6L] were formerly
classified as E502-16 in A5.4-92. The E8018-B6 [E5518-B6] and E8018-B61\[ES518-B6L] were not formerly classified,
but were produced to the E502 composition ranges in A5.4-92 but with) the EXX18 covering of this specification.
Similarly, the ESOXX-B7(L) [ESSXX-B7(L)] classifications were formetly classified as E7Cr-XX in A5.4-92; and the
E80XX-BS(L) [E55XX-B8(L)] classifications were formerly classifiedsas E505-XX in A5.4-92.

A7.1.2.3 E8016-B23A4 [E5516-B23A4] and E90XX-B23 {E62XX-B23] Electrodes. £8016-B234 [E5516-B23A]
and E90XX-B23 [E62XX-B23] are 2.5% Cr-1.5% W-0.2%M¢—-0.20% V—-0.04% Nb, low-hydrogen electrodes designed
to provide improved creep strength, toughness, fatigue life, and'oxidation and corrosion resistance at elevated temperatures.
In addition to the classification requirements in this speCification, impact toughness or high temperature creep strength
properties may be determined. Additional testing requirements must be agreed upon between the purchaser and supplier
depending upon the application.

A7.1.2.4 E90XX-B24 [E62XX-B24] Eléctrodes. E90XX-B24 [E62XX-B24] is a 2.5% Cr—1.0% Mo—0.20%
V-0.10% Ti—0.04% Nb, low-hydrogen ¢l¢etrode designed to provide improved creep strength, toughness, fatigue life,
and oxidation and corrosion resistancg\at elevated temperatures. In addition to the classification requirements in this
specification, impact toughness or,_high temperature creep strength properties may be determined. Additional testing
requirements must be agreed upon-between the purchaser and supplier depending upon the application.

A7.1.2.5 E90XX-B9A4[E62XX-B9A] Electrodes. This is a 9%Cr-1% Mo-Nb-V electrode. The niobium (columbium)
and vanadium additions are designed to provide increased creep strength and oxidation and corrosion resistance at
elevated temperaturesi Duie to the higher elevated temperature properties of this alloy, components that are now fabricated
from stainless and. ferritic steels may be fabricated from a single alloy eliminating problems associated with dissimilar
welds.

In addition to the classification requirements of this specification, impact toughness and high temperature creep strength
propertiés should be determined. Due to the influence of various levels of carbon and niobium (columbium) specific
valyes and testing must be agreed to by the purchaser and supplier. Thermal treatment of this alloy is critical and must
be'elosely controlled. The temperature at which the microstructure has complete transformation into martensite (M, f) is
relatively low. For applications requiring optimum ductility and creep resistance consideration should be given to allow-
ing the weldment to cool to at least 200 °F [95 °C] before PWHT to maximize transformation to martensite.

The maximum allowable temperature for most postweld heat treatment is 1400 °F [760 °C] which is the temperature that
can satisfy the requirement of conventional boiler designs. These electrodes have a good resistance to high temperature
cracking due to the relatively high content of nickel, which generates a fine microstructure with low amounts of delta

£ iy
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A7.1.2.6 E90XX-B91 [E62XX-B91] (formerly E90XX-B9 [E62XX-BY]) Electrodes. This electrode, formerly

classified as E90XX-B9 [E62XX-B9], is a 9% Cr-1% Mo, low-hydrogen electrode modified with niobium (columbium)
and vanadium, designed to provide improved creep strength, toughness, fatigue life, and oxidation and corrosion
resistance at elevated temperatures. Due to the higher elevated temperature properties of this alloy, components that are
now fabricated from stainless and ferritic steels may be fabricated from a single alloy, eliminating problems associated
with dissimilar welds.

In addition to the classification requirements in this specification, impact toughness or high temperature creep strength
properties may be determined. Due to the influence of various levels of carbon and niobium (columbium), testing-must
be agreed upon between the purchaser and supplier.

Thermal treatment of this alloy is critical and must be closely controlled. The temperature at which the microsttucture has
complete transformation to martensite (M,) is relatively low. For applications requiring optimal ductility and’creep resist-
ance, consideration should be given to allowing the weldment to cool sufficiently to maximize transformation to martensite.

The maximum allowable temperature for postweld heat treatment is also critical in that the loywertransformation tem-
perature (Ac,) is also comparably low. To aid in allowing for an adequate postweld heat treatnignt, the restriction on Mn
+ Ni has been imposed (see Table 2, note g). The combination of Mn and Ni tends to low€r the Ac, temperature to the
point where the PWHT temperature approaches the Ac,, possibly causing partial transformation of the microstructure. By
restricting the Mn + Ni, the PWHT temperature will be sufficiently below the Ac, to.avoid this partial transformation.

A7.1.2.7 E90XX-B92 [E62XX-B92] Electrodes. E90XX-B92 [E62XX-B92]is a 9% Cr—2% W-0.5% Mo—0.20%
V-0.05% Nb, low-hydrogen electrode designed to provide improved creep strength, toughness, fatigue life, and oxidation
and corrosion resistance at elevated temperatures. Due to the higher eleyated temperature properties of this alloy,
components that are now fabricated from stainless and ferritic steels may, be fabricated from a single alloy, eliminating
problems associated with dissimilar welds.

In addition to the classification requirements in this specification; impact toughness or high temperature creep strength
properties may be determined. Significant reductions in ductility: of this alloy have been observed after high temperature
service, and testing must be agreed upon between the purghaser and supplier.

Thermal treatment of this alloy is critical and must be closely controlled. The temperature at which the microstructure has
complete transformation to martensite (M,) is relatively low. For applications requiring optimum ductility and creep
resistance, consideration should be given to allowing the weldment to cool to at least 200 °F [93 °C] before PWHT to
maximize transformation to martensite.

The maximum allowable temperature for RBWHT is also critical in that the lower transformation temperature (Ac, ) is also
comparably low. To ensure proper PWHH results, a restriction on Mn + Ni has been imposed (see Table 2, Note g). The
combination of Mn and Ni tends to, lower the Ac, temperature to the point where the PWHT temperature approaches the
Ac,, possibly causing partial transformation of the microstructure. By restricting the Mn + Ni, the PWHT temperature
will be sufficiently below the.At, to avoid this partial transformation

A7.1.2.8 E9016-B924 [E6216-B92A] Electrodes. This electrode type is similar in applications to the E90XX-B92
[E62XX-B92] shown @bove. It has been modified with the addition of 1.5% Co.

A7.1.2.9 X-Pactor. A major application of the Cr-Mo steels is in the fabrication of pressure vessels for the
petrochemicaland power generation industries. Where these materials are subjected to elevated temperatures for extended
periods of titne, temper embrittlement usually occurs. Temper embrittlement is the migration of certain elements within
the material matrix to the grain boundaries over time, resulting in a loss of impact toughness. In 1970, Bruscato developed
a fofmpla using only the critical elements affecting temper embrittlement, as follows:

X-Factor = (10 P+ 5 Sb + 4 Sn + As)/100

with analytical results for the elements in ppm. The industry X-Factor requirement is less than 15. An X-Factor less than
15, combined with low Mn and Si levels, is recommended in industry to minimize temper embrittlement effects (see
Bruscato, R,. Welding Journal Research Supplement, Vol 49, N.4, pp. 148-s—156-s, 1970).

A7.1.3 EXXXX-CX and EXXXX-CXL (Ni Steel) Electrodes. These low-hydrogen electrodes have been designed
to produce weld metal with increased strength without being air-hardenable or with increased notch toughness at
temperatures as low as -175 °F [-115 °C]. They have been specified with nickel contents which fall into five nominal

levels of 1% Ni, 1.5% Ni, 2.5% Ni, 3.5% Ni, and 6.5% Ni in steel.
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With carbon levels of up to 0.12%, strength increases and permits these Ni steel electrodes to be classified as ES0XX-CX

[ES5XX-CX]. However, with lower levels of carbon, low-temperature toughness improves to match the base-metal prop-
erties of nickel steels, such as ASTM A203 Grade E, and ASTM A352 LC3 and LC4 classifications. Thus, the intended
application and the needed mechanical properties determine whether or not “L-Grades” should be selected. Some of these
electrode types are designed with a complex addition of Ti and B to improve the toughness by providing a finer micro-
structure.

Many low-alloy steels require postweld heat treatment to stress relieve the weld or temper the weld metal and heat
affected zone to achieve increased ductility. It is often acceptable to exceed the PWHT holding temperatures shown in.
Table 7. However, for many applications, nickel steel weld metal can be used without postweld heat treatment. If PWHT
is to be specified for a nickel steel weldment, the holding temperature should not exceed the maximum temperature.given
in Table 7 for the classification considered since nickel steels can be embrittled at higher temperatures.

A7.1.4 EXXXX-NMX (Ni-Mo Steel) Electrodes

A7.1.4.1 E8018-NM1 [E5518-NM1] Electrodes. This low-hydrogen electrode, which containgabout 1% nickel
and 0.5% molybdenum, is similar to the Mn-Mo steel electrodes discussed in A7.1.5. However, this-¢lectrode can often
be welded without PWHT, but the resulting strength and notch toughness are lower than the valu€s obtained with Mn-Mo
electrodes. Some typical applications include the welding of high-strength low-alloy or micrealloyed structural steels.

A7.1.4.2 E9018-NM2 [E6218-NM2] Electrodes. This electrode is intended to meet strength requirements after
extended postweld heat treatment as required in the construction of nuclear power plants and in the fabrication of
components (e.g., steam generators and pressurizers) used in nuclear power plants:’In production environments, the
length of postweld heat treatments can be as long as 48 hours. Increased carbonyaids'in achieving desired response to heat
treatment. In addition to the requirements listed in this specification, these~applications also often require drop weight
testing to determine nil ductility temperature as well as measurement of\nils of lateral expansion on broken Charpy
V-notch specimens.

A7.1.4.3 E10016-NM3 [E6916-NM3] Electrodes. These.tow-hydrogen electrodes are similar to the Ni steel
electrodes discussed in A7.1.3 except that chromium and molybdernum have been added. Electrodes of this classification
produce weld metal which will have a chemical compositiof.of 1.5% nickel, 0.20% chromium and 0.20% molybdenum.
These additional alloys increase the strength of the weld-metal. This electrode can often be welded without PWHT.
TBypical applications include the welding of low-alloyhigh- strength structural steels.

A7.1.4.4 E9016-NM4 [E6216-NM4]. These~low-hydrogen electrodes are similar to the Ni steel electrodes
discussed in A7.1.3 except that molybdenum has been added. Electrodes of this classification produce weld metal which
will have a chemical composition of 0.5% niekel and 0.4% molybdenum. This additional alloy increases the strength of
the weld metal.

This weld metal is often suitable forsuse in either the as-welded or PWHT condition. Typical applications include the
welding of low-alloy, high-strength\Structural steels.

A7.1.4.5 E10016-NM5{E6916-NM5] Electrodes. These low-hydrogen electrodes are similar to the Ni steel
electrodes discussed in A7L3 except that chromium and molybdenum have been added. Electrodes of this classification
produce weld metal whigh will have a chemical composition of 3.5% nickel, 0.20% chromium and 0.50% molybdenum.
These additional alloys increase the strength of the weld metal. This weld metal is often suitable for use in either the
as-welded or PWHT condition. Typical applications include the welding of low-alloy, high-strength structural steels.

A7.1.4.6) E11016-NM6 [E7616-NM6] Electrodes. These low-hydrogen electrodes are similar to the Ni steel
electrodés discussed in A7.1.3 except that chromium and molybdenum have been added. Electrodes of this classification
produce weld metal which will have a chemical composition of 2.0% nickel, 0.25% chromium and 0.40% molybdenum.
These/additional alloys increase the strength of the weld metal. This weld metal is often suitable for use in either the
as<welded or PWHT condition. Typical applications include the welding of low-alloy, high-strength structural steels.

A7.1.4.7 E11016-NM7 [E7616-NM7] Electrodes. These low-hydrogen electrodes are similar to the Ni steel
electrodes discussed in A7.1.3 except that molybdenum has been added. Electrodes of this classification produce weld
metal which will have a chemical composition of 2.5% nickel and 0.70% molybdenum. These additional alloys increase
the strength of the weld metal. This weld metal is often suitable for use in either the as-welded or PWHT condition. These
electrodes are used on many high-strength applications. Typical applications would include the welding of offshore

structures and many structural applications where excellent low temperature toughness is required.
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A7.1.4.8 E11018-NM8 [E7618-NM8] Electrodes. These low-hydrogen electrodes are similar to the Ni steel

electrodes discussed in A7.1.3 except that molybdenum has been added. Electrodes of this classification produce weld
metal which will have a chemical composition of 2.8% nickel and 0.80% molybdenum. These additional alloys increase
the strength of the weld metal. This weld metal is often suitable for use in either the as-welded or PWHT condition. These
electrodes are used on many high-strength applications. Typical applications would include the welding of offshore
structures and many structural applications where excellent low temperature toughness is required.

A7.1.5 EX)XX1X-DX [EXX1X-DX] (Mn-Mo Steel) Electrodes. These low-hydrogen electrodes produce weld
metal that contains about 1.5% manganese and between 0.33% and 0.67% molybdenum. This weld metal provides higher
strength and better notch toughness than the C—0.5% Mo and 1% Ni-0.5% Mo steel weld metal discussed in A74 and
A7.1.4, respectively. However, the weld metal from these Mn-Mo steel electrodes is quite air-hardenable and-usually
requires preheat and PWHT. The individual electrodes classified under this electrode group have been designed to match
the mechanical properties and corrosion resistance of the high-strength, low-alloy pressure vessel steelsysuch as ASTM
A302 Grade B.

A7.1.6 E(X)XXXX-G (General Low-Alloy Steel) Electrodes. These electrodes are described in A2.3. These
electrode classifications may be either modifications of other discrete classifications oy totally new classifications.
Purchaser and user should determine from the supplier what the description and intended use’of the electrode is.

A7.1.7 EX)XX18M(1) (Military-Similar) Electrodes. These low-hydrogen electfodes were originally designed for
military applications such as welding HY80 and HY100 type steels. To achieve desired weld-metal properties and
soundness, these electrodes have small alloy additions (especially some Ni) and sequire careful control of moisture in the
electrode covering. It is important that moisture levels in the coating be maintained during electrode manufacture,
packaging, transport, and site storage.

These electrodes are usually employed without subsequent PWHT. However, hydrogen-release treatments at lower tem-
peratures, typically less than 500 °F [260 °C], are often applied An the as-welded condition, the weld-metal mechanical
properties include ultimate tensile strength minima ranging from90 ksi to 120 ksi [620 MPa to 830 MPa] and good notch
toughness at temperatures ranging from 0 °F to —60 °F [-185C to —51 °C]. With these properties, the E(X)XX18M(1)
type electrodes are suitable for joining many high- strength, low-alloy or microalloyed steels to themselves or to lower
strength steels, including carbon steels.

A7.1.8 EXX10-P1 (Pipeline) Electrodes. These electrodes have been designed primarily for welding typical high-
strength pipe butt joints in the vertical welding position with downward or upward progression. With their cellulosic
coverings, they produce deep penetrating, spray-type welding arcs and thin, easily removable slag. This combination is
best suited for achieving full penetration and radiographic quality for the downhill welding of butt joints when the axis
of the pipe is in the horizontal positiof:

While weld metals produced fronithese electrodes do not have any minimum chemical composition requirements, the
supplier must provide sufficient’alloying elements to meet the increased mechanical property requirements. Special
emphasis must be placed upon the minimum yield strength values, since most transmission pipeline materials and sys-
tems are designed to yield strength limits. Typical application for E7010-P1 [E4910-P1], E8010-P1 [E5510-P1], and
E9010-P1 [E6210-Pl{.electrodes is the welding of API-5L-X52, API-S5L-X65, and API-5L-X70 piping assemblies,
respectively.

A7.1.9 EXX18-P2 Pipe Welding Electrodes. These electrodes have been designed primarily for the welding of the
hot, fill, ahd)cap passes in high strength pipe butt joints in the vertical position, in upward progression. Some electrodes
of these.classifications may also be used on fillet welds with downward progression. The low-hydrogen nature of the
coating of these electrodes makes them especially suited for joining crack-sensitive high strength pipe. Typical application
forelectrodes of these classifications are the welding of API 5L pipe steels up to and including Grade X80, along with
many other high strength, medium and high carbon, and low-alloy steels. Electrodes of these classifications are normally
not recommended for the root pass (stringer bead) on open gaps.

A7.1.10 E(X)XX45-P2 and E(X)XX45-G Pipe Welding Electrodes. These electrodes have specifically been
designed for the welding of hot, fill, and cap passes in high strength pipe butt joints using vertical downward progression.
This classification is not recommended for welding with vertical upward progression. While specifically designed for
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suited for downhill welding of butt joints on crack sensitive high strength pipe when the axis of the pipe is horizontal.

Typical application for electrodes of these classifications are the welding of API 5L pipe steels using the appropriate
strength level electrode, along with many other high strength, medium and high carbon, and low alloy steels. Electrodes
of these classifications are normally not recommended for root pass (stringer bead) on open gaps.

A7.1.11 EXX18-WX (Weathering Steel) Electrodes. These low-hydrogen electrodes have been designed to produce
weld metal that matches the corrosion resistance and the coloring of the ASTM weathering-type structural steels. These
special properties are achieved by the addition of about 0.5% copper to the weld metal. To meet strength, ductility, and
notch toughness in the weld metal, some chromium and nickel additions are also made. These electrodes are used to weld
the typical weathering steels, such as ASTM A242 and ASTM AS88.

A7.1.12 E10016-Mn2 [E6916-Mn2] and E10018-Mn2 [E6918-Mn2]. Weld metal of this composition hasybeen
designed for joining austenitic steels of similar composition (such as ASTM A1106) used for containing liquidnmatiural gas
and other cryogenic liquids. Weld metal of this composition is also used for welding nickel steels such as 3=1/2% and 9%
nickel steels.

A8. Special Tests

It is recognized that supplementary tests may be necessary for certain applications. In suéh~Cases, tests to determine spe-
cific properties such as hardness, corrosion resistance, mechanical properties at elevated or cryogenic temperatures, wear
resistance, and suitability for welding different carbon and low-alloy steels, may be required. AWS A5.01M/A5.01 con-
tains provisions for ordering such tests. This clause is included for the guidance“of those who desire to specify such
special tests. Those tests may be conducted as agreed upon between the purchaser and supplier.

A8.1 Diffusible Hydrogen Test.

A8.1.1 Hydrogen-induced cracking of weld metal or the heat afféefed zone generally is not a problem with carbon
steels containing 0.3% or less carbon, or with lower-strength @Hoy steels. However, the electrodes classified in this
specification are sometimes used to join higher carbon steels ortow-alloy, high-strength steels where hydrogen-induced
cracking may be a serious problem.

A8.1.2 Since the available diffusible hydrogen level strongly influences the tendency towards hydrogen-induced
cracking, it may be desirable to measure the diffusible’hydrogen content resulting from welding with a particular electrode.
This specification has, therefore, included the use'of optional designators for diffusible hydrogen to indicate the maximum
average value obtained under a clearly defined'\test condition in AWS A4.3.

A8.1.3 The user of this information is'cautioned that actual fabrication conditions may result in different diffusible
hydrogen values than those indicated bysthe designator.

A8.1.4 The use of a referencelatmospheric condition during welding is necessitated because the arc is subject to
atmospheric contamination dueto imperfect shielding. Moisture from the air, distinct from that in the electrode, can enter
the arc and subsequently thé-weld pool, contributing to the resulting observed diffusible hydrogen. This effect can be
minimized by maintaining.as short an arc length as possible consistent with a steady arc. Experience has shown that the
effect of arc length is minor at the H16 level, but can be very significant at the H4 level. An electrode meeting the H4
requirements undethe reference atmospheric conditions may not do so under conditions of high humidity at the time of
welding, especially if a long arc length is maintained.

A8.1.5-Low-hydrogen electrodes can absorb significant moisture if stored in a humid environment in damaged or
open packages, or especially if unprotected for long periods of time. In the worst cases of high humidity, even exposure
of ufiprotected electrodes for as little as two hours can lead to a significant increase of diffusible hydrogen. In the event
the\electrodes have been exposed, the manufacturer should be consulted regarding probable damage to low hydrogen
Characteristics and possible reconditioning of the electrodes.

A8.1.6 Not all classifications may be available in H16, H, and H4 diffusible hydrogen levels. The manufacturer of a
given electrode should be consulted for availability of products meeting these limits.

A8.2 Aging of Tensile Specimens. Weld metals may contain significant quantities of hydrogen for some time after they

nave been mad \V/ Fa Q a hyvdrogen gradug = AnesS-0O me a aak2 2 era ALCL 2 com-tembpera

or several hours at elevated temperatures. As a result of this eventual change in hydrogen level, ductility of the weld metal
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increases toward its inherent value, while yield, tensile and impact strengths remain relatively unchanged. The AS5.5 and

AS5.5M specifications permit the aging of the test specimens or weld test assembly at elevated temperatures not exceeding
220 °F [105 °C] for up to 48 hours before cooling them to room temperature and subjecting them to testing. The purpose
of this treatment is to facilitate removal of hydrogen from the test specimen in order to narrow the variation in the test
results.

Aging treatments are sometimes used for low-hydrogen electrode deposits, especially when testing high-strength depos-
its. Note that aging may involve holding test specimens at room temperature for several days or holding at a higher tems
perature for a shorter period of time. Consequently, users are cautioned to employ adequate preheat and interpass
temperatures to avoid the deleterious effects of hydrogen in production welds. /¢ should be kept in mind that aging test
assemblies may not remove as much diffusible hydrogen as aging the individual specimens. The purchaser~-may, by
mutual agreement with the supplier, have the thermal aging of specimens prohibited for all mechanical testing done to
schedule I or J of AWS A5.01M/A5.01.

A8.3 Absorbed Moisture Test. The development of low-hydrogen electrode coverings that resist\moisture absorption
during exposure to humid air is a recent improvement in covered electrode technology. Not all commercial low-hydrogen
electrodes possess this characteristic. To assess this characteristic, the absorbed moisture test described in Clause 16 was
devised. The exposure conditions selected for the test are arbitrary. Other conditions may‘yield quite different results.

A task group of the AWS ASA Subcommittee evaluated this test and concluded that it.can/successfully differentiate mois-
ture resistant electrodes from those which are not. The task group also observed\censiderable variability of covering
moisture results after exposure of electrodes in cooperative testing among seyeral/laboratories. The precision of the test
is such that, with moisture resistant electrodes from a single lot, the participating laboratories could observe exposed
covering moisture values ranging, for example, from 0.15% or less to 0.35% or more. The task group concluded that the
variability was due to both variations in the exposure conditions and)the variability inherent in the application of the
moisture test procedure. Therefore, it is not realistic to set a limit“for covering moisture of exposed moisture resistant
electrodes lower than 0.4% at this time.

A9. Discontinued Classifications

Some classifications have been discontinued frommone revision of this specification to another. This results either from
changes in commercial practice or changes inthe Classification system used in the specification. The classifications that
have been discontinued are listed in Table 43y along with the year in which they were last included in the specification.

A10. General Safety Considerations

A10.1 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 Annex Clause AS. Safety and health information is available
from other sources, ineluding, but not limited to Safety and Health Fact Sheets and ANSI Z49.1 and applicable federal
and state regulations:

A10.2 Safety and Health Fact Sheets. The Safety and Health Fact Sheets are published by the American Welding
Society (AWSS)» They may be downloaded and printed directly from the AWS website at http://www.aws.org. The Safety
and Health Pact Sheets are revised and additional sheets added periodically.
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Talbla 2

TANVIC J

Discontinued Electrode Classifications?
Last A5.5 (ASTM A 316")

Last A5.5 (ASTM A 316")

AWS Classification Publication Date AWS Classification Publication Date
E7010° 1954 E10026 1948
E7011°¢ 1954 E10030 1948
E7013 1948 E12015¢ 1954
E7015¢ 1954 E12016°¢ 1954
E70164 1954 E7015-C1 1954
E7020° 1954 E7016-C1 1954
E7025 1948 E7015-C2 1954
E7026 1948 E7016-C2 1954
E7030 1948 E9010-B3 1954
E8010° 1954 E9011-B3 1954
E8011°¢ 1954 E9013-B3 1954
E8013¢ 1954 E8010-B1 1958
E8015¢ 1954 E8011-B1 1958
E8016° 1954 E8013-Bl1 1958
E8020 1948 E8015-B1 1958
E8025 1948 E8010-B2 1958
E8026 1948 E8011-B2 1958
E8030 1948 E8013-B2 1958
E9010° 1954 E8015-B4 1958
E9011°¢ 1954 E8016-B4 1958
E9013¢ 1954 E8018-B4 1958
E9015¢ 1954 E8015-€1 1958
E9016° 1954 E8015-€2 1958
E9020 1948 E8015¢C3 1958
E9025 1948 E9016-D1 1958
E9026 1948 E7018-We¢ 1981
E9030 1948 E8015-B2Lf 1981
E10010° 1954 E8018-B2Lf 1981
E10011¢ 1954 E8018-NM# 1981
E10013¢ 1954 E8018-We 1981
E10015¢ 1954 E9015-B3Lf 1981
E10016° 1954 E9018-B3Lf 1981
E10020 1948 E90XX-B9 [E62XX-BI]" 2006
E10025 1948

2 See Clause A10, Discontinued Classifications (ih Annex A), for information on discontinued classifications and how they may be used.

b ASTM A 316 was withdrawn without replagenient in 1969.

¢ The higher tensile strength electrode classifications without chemical composition requirements for classifications were discontinued in 1958 and
replaced with the “G” classifications in.order to permit a single classification system with chemical composition requirements.

4 Both E7015 and E7016 classificatiohs:were transferred to AWS A5.1-58T and continue to be included in the current revision of that specification.

¢ Both E7018-W and E8018-W classification designations have been changed to E7018-W1 and E8018-W2 in order to permit the suffix designator to
differentiate between the twe _ehemical compositions of undiluted weld metal.

"These Cr-Mo electrode claSsifications were modified by using a lower strength designator. This reflects a more realistic minimum tensile strength for
low-carbon chromium molybdenum steel weld metal. This change may or may not show a corresponding reduction in creep strength of the weld metal
depending on how the'chemical composition of the weld metal is controlled.

¢ The E8018-NM gfassification has been changed to E8018-NM1 to allow for other possible Ni-Mo steel electrode classifications in future revisions.

h The E90XX-B9 [E62XX-B9] classification has been changed to E90XX-B91[E62XX-B91] to better conform to industry standards and practices.
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Annex-B-(Informative)
Requesting an Official Interpretation on
an AWS Standard

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

B1. Introduction

The following procedures are here to assist standard users in submitting successful requests for official iferpretations to
AWS standards. Requests from the general public submitted to AWS staff or committee members that.do not follow these
rules may be returned to the sender unanswered. AWS reserves the right to decline answering specific requests; if AWS
declines a request, AWS will provide the reason to the individual why the request was declined’

B2. Limitations

The activities of AWS technical committees regarding interpretations are limited)strictly to the interpretation of provi-
sions of standards prepared by the committees. Neither AWS staff nor the cominiittees are in a position to offer interpre-
tive or consulting services on (1) specific engineering problems, (2) requirements of standards applied to fabrications
outside the scope of the document, or (3) points not specifically covered by the standard. In such cases, the inquirer
should seek assistance from a competent engineer experienced in the'particular field of interest.

B3. General Procedure for all Requests

B3.1 Submission. All requests shall be sent to the Managing Director, AWS Standards Development. For efficient han-
dling, it is preferred that all requests should be-stibmitted electronically through standards@aws.org. Alternatively,
requests may be mailed to:

Managing Director
Standards Development
American Welding Society
8669 NW 36 St, # 130
Miami, FL 33166

B3.2 Contact Information, All inquiries shall contain the name, address, email, phone number, and employer of the
inquirer.

B3.3 Scope. Each-inquiry shall address one single provision of the standard unless the issue in question involves two or
more interrelated provisions. The provision(s) shall be identified in the scope of the request along with the edition of the
standard (e.g.,[D1.1:2006) that contains the provision(s) the inquirer is addressing.

B3.4 Question(s). All requests shall be stated in the form of a question that can be answered ‘yes’ or ‘no’. The request
shallbe concise, yet complete enough to enable the committee to understand the point of the issue in question. When the
pointis not clearly defined, the request will be returned for clarification. Sketches should be used whenever appropriate,
and all paragraphs, figures, and tables (or annexes) that bear on the issue in question shall be cited.

B3.5 Proposed Answer(s). The inquirer shall provide proposed answer(s) to their own question(s).
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B3.6 Background. Additional information on the topic may be provided but is not necessary. The question(s) and

proposed answer(s) above shall stand on their own without the need for additional background information.

B4. AWS Policy on Interpretations

The American Welding Society (AWS) Board of Directors has adopted a policy whereby all official interpretations of
AWS standards are handled in a formal manner. Under this policy, all official interpretations are approved by the techni-
cal committee that is responsible for the standard. Communication concerning an official interpretation is directed through
the AWS staff member who works with that technical committee. The policy requires that all requests for an official
interpretation be submitted in writing. Such requests will be handled as expeditiously as possible, but due to the-proce-
dures that must be followed, some requests for an official interpretation may take considerable time to completg;

BS5. AWS Response to Requests

Upon approval by the committee, the interpretation is an official interpretation of the Society, atid’AWS shall transmit the
response to the inquirer, publish it in the Welding Journal, and post it on the AWS website.

B6. Telephone Inquiries

Telephone inquiries to AWS Headquarters concerning AWS standards should\belimited to questions of a general nature
or to matters directly related to the use of the standard. The AWS Board Pglicy Manual requires that all AWS staff mem-
bers respond to a telephone request for an official interpretation of any AWS standard with the information that such an
interpretation can be obtained only through a written request. Headduarters staff cannot provide consulting services.
However, the staff can refer a caller to any of those consultants whose names are on file at AWS Headquarters.
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(Identical with AWS Specification A5.6/A5.6M:2008. In case of dispute, the original AWS text applies.)
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ELECTRODES FOR SHIELDED METAL ARC WELDING

&

®

SFA-5.6/SFA-5.6M

(Identical with AWS Specification A5.6/A5.6M:2008. In case of dispute, the original AWS text applies.)

1.  Scope

1.1 This specification prescribes requirements for the
classification of covered copper and copper-alloy elec-
trodes for shielded metal arc welding. It includes composi-
tions in which the copper content exceeds that of any other
element.!

1.2 Safety and health issues and concerns are beyond
the scope of this standard and are therefore not fully
addressed herein. Some safety and health information can
be found in the informative Annex Clauses A5 and A10.
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. Custom-
ary Units and the International System of Units (SI). The
measurements are not exact equivalents; thereforesyeach
system must be used independently of the other\without
combining in any way when referring to filler nietal proper-
ties. The specification with the designation A5.6 uses
U.S. Customary Units. The specificatiofrrk A5.6M uses SI
Units. The latter are shown within brackets [ ] or in appro-
priate columns in tables and figuressStandard dimensions
based on either system may be used for sizing of electrodes
or packaging or both under.A5:6 or A5.6M specifications.

2. Normative Referénces

2.1 The folldwirig AWS standards® are referenced in
the mandatory ‘section of this document.
(a) AWS AS5.01, Filler Metal Procurement Guidelines

! Wovattempt has been made to provide for the classification of all
grades of copper and copper-alloy welding electrodes. Only the more
c¢ommonly used grades have been included.

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

(b) AWS B4.0 [AWS B4.0M], Standdrd) Methods for
Mechanical Testing of Welds

2.2 The following ANSI standard?is referenced in the
mandatory section of this documiént:

(a) ANSI Z49.1, Safety im-Welding, Cutting, and Allied
Processes

2.3 The followingl{ ASTM standards* are referenced in
the mandatory section’ of this document.

(a) ASTM B 96/B 96M, Standard Specification for
Copper-Silicon~Alloy Plate, Sheet, Strip, and Rolled Bar
for GenetalyPurposes and Pressure Vessels

(b).SAXSTM B 103/B 103M, Standard Specification for
Phosphor Bronze Plate, Sheet, Strip, and Rolled Bar

f¢) ASTM B 122/B 122M, Standard Specification for
Copper-Nickel-Tin Alloy, Copper-Nickel-Zinc Alloy
(Nickel Silver) and Copper-Nickel Alloy Plate, Sheet, Strip,
and Rolled Bar

(d) ASTM B 148, Standard Specification for
Aluminum-Bronze Sand Castings

(e) ASTM B 152/B 152M, Standard Specification for
Copper Sheet, Strip, Plate, and Rolled Bar

(f) ASTM B 169/B 169M, Standard Specification for
Aluminum Bronze Sheet, Strip, and Rolled Bar

(g) ASTME 29, Standard Practice for Using Significant
Digits in Test Data to Determine Conformance with Speci-
fications

(h) ASTM E 75, Standard Test Methods for Chemical
Analysis of Copper-Nickel and Copper-Nickel-Zinc Alloys

(i) ASTM E 478, Standard Test Methods for Chemical
Analysis of Copper Alloys

(j) ASTM E 1032, Standard Test Method for Radio-
graphic Examination of Weldments

3 This ANSI standard is published by the American Welding Society,
550 N.W. LeJeune 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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mandatory sections of this document.

(a) 1SO 544, Welding consumables—Technical delivery
conditions for welding filler materials—Type of product,
dimensions, tolerances and markings

3.  Classification

3.1 The welding materials covered by the A5.6/A5.6M
specification are classified using the system that is indepen-
dent of U.S. Customary Units and the International System
of Units (SI). Classifications are according to the chemical
composition of the undiluted weld metal as specified in

Table 1.

3.2 Materials classified under one classification shall
be classified under any other classification in this specifica-
tion. However, material may be classified under both A5.6
and A5.6M.

3.3 The materials classified under this specification are
intended for shielding metal arc welding, but that is not
to prohibit their use with any other process for which they
are found suitable.

4.  Acceptance

Acceptance® of the material shall be in accordance with
the provisions of AWS AS5.01.

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.’

6. Rounding-Off Procedure

For the purposes of determinifig conformance with this
specification, an observed-or calculated value shall be
rounded to the nearest, 1000 psi [10 MPa] for tensile
strength, and to the-{ficarest unit” in the last right-hand
place of figures u§ed‘in expressing the limiting value for
other quantitie$.in accordance with the rounding-off
method giyenin ASTM E 29.

7. Summary of Tests

The tests required for each classification are specified
in/Table 2. The purpose of these tests is to determine the

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

© See A3 in Annex A for further information concerning acceptance,
testing of the material shipped, and AWS A5.01, Filler Metal Procurement
Guidelines.

) Al A A 1 L
SCTC 73+ T ZXIICX 7% TOT TUTrtIcer MTorIT

and the testing called for to meet this requirement.
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ness of the weld metal. The base metal for the weld test
assemblies, the welding and testing procedures to be
employed, and the results required are given in Clauses 9
through 13.

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. For chemical analysis, retest
material may be taken from the original“test sample or
from a new sample. Retest for chemical analysis need be
only for those specific elements that failed to meet the test
requirement.

If the results of one orfi\beth retests fail to meet the
requirement, the material-inder test shall be considered as
not meeting the requirements of this specification for that
classification.

In the eventthat, during preparation or after completion
of any test, (it is'clearly determined that specified or proper
procedures\were not followed in preparing the weld test
assembly or test specimen(s) or in conducting the test, the
tegt.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 specified procedures. In this
case the requirement for doubling of the number of test
specimens does not apply.

9. Weld Test Assemblies

9.1 Two test assemblies are required for all classifica-
tions except ECuNi, which may require three test assem-
blies (see Fig. 3). The three test assemblies are as follows:

(a) the weld pad in Fig. 1 for chemical analysis of the
undiluted weld metal

(b) the groove weld in Fig. 2 for mechanical properties
and soundness of the weld metal

(c) the groove weld in Fig. 3 for the usability of ECuNi
electrodes

The sample for chemical analysis may be taken from
the reduced section of the fractured tension specimen or
from a corresponding location (or any location above it)
in Fig. 2, thereby avoiding the need to make the weld pad.
In the case of dispute, the weld pad shall be the referee
method.

9.2 Preparation of each weld test assembly shall be as
prescribed in 9.3 and 9.4. The base metal for each assembly
shall be as required in Table 3 according to the tests to be

priate ASTM specification shown there, or an equivalent
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TABLE 2
REQUIRED TESTS FOR CLASSIFICATION®
Transverse

AWS Classification Chemical Analysis Tension Test Side-Bend Test Radiographic Test
ECu Required Required Required Not Required
ECuSi Required Required Required Not Required
ECuSn-A Required Required Required Not Required
ECuSn-C Required Required Required Not Required
ECuNi Required Required Required Required
ECuAl-A2 Required Required Required Not Required
ECuUAI-B Required Required Not Required Net\Required
ECuNiAl Required Required Not Required Not Required
ECuMnNiAl Required Required Not Required Not Required

NOTE:

a. All welding for chemical analysis, all-weld-metal tension tests, and transverse side-bend tests shall be done With the test plates in the flat
position.

specification. Testing of the assemblies shall be as pre- of the assembly shall be as specified in Clause 11, Radiog-

scribed in Clause 10, Chemical Analysis, Clause 11, Radio- raphy Test.
graphic Test, Clause 12, Tension Test, and Clause 13,

Bend Test. 10. Chemical Analysis

9.3 Weld Pad. A weld pad shall be prepared as specified 10.1</The sample for analysis shall be taken from weld
in Fig. 1 except when one of the alternatives in 10.1 (taking metal{produced with the electrode. The sample shall be
the sample from the broken tension test specimen or from taken from a weld pad (see Fig. 1), from the reduced section
a corresponding location in the groove weld) is selected. of the fractured all-weld-metal tension specimen (see
Base metal of any convenient size, of the type specified»>"Fig. 2), or from a corresponding location in the groove
in Table 3 (including notes a and b to that table) shall-be weld (see Fig. 2 or Fig. 3). The top surface of the weld
used as the base for the weld pad. The surface of the base  pad described in 9.3 and shown in Fig. 1 shall be removed

metal on which the filler metal is deposited shall®be)clean. and discarded, and a sample for analysis shall be obtained
The pad shall be welded in the flat position with multiple =~ by any appropriate mechanical means. The sample shall
beads to obtain undiluted weld metal. The preheat tempera- be free of slag.

ture shall not be less than 60°F [15°C]-and the interpass
temperature shall not exceed 300°F [LSO°C]. The slag shall
be removed after each pass. The pad may be quenched in
water of a temperature above 60%B [15°C] between passes.
The dimensions of the completed pad shall be as shown
in Fig. 1 for each size of eléctrode. Testing of this assembly 10.3 The sample shall be analyzed by accepted analyti-
shall be as specified,in €lause 10, Chemical Analysis. cal methods. The referee method shall be ASTM E 478. For

classification ECuNi, where titanium may be intentionally

9.4 Groove Weld

. . added up to 0.50%, the element titanium should be ana-
9.4.1 Méchanical Properties and Soundness. A test lyzed by using ASTM E 75.

assembly shalltbe prepared and welded as specified in Fig. 2 . .
using bdseymaterial of the appropriate type as specified in 10.4 The results of the analysis shall meet the require-
Tabl€ 3, Testing of the assembly shall be as specified in ~ ments of Table 1 for the classification of electrode under
Clause 12, Tension Test, and Clause 13, Bend Test. The — test.

test specimens shall be tested in the as welded condition.

9.4.2 Usability Test. A test assembly shall be for 11. Radiographic Test
electrodes of the ECuNi classification and welded as shown 11.1 When required in Table 2, the groove weld
in Fig. 3, using base metal of the appropriate type specified  described in 9.4.2 and shown in Fig. 3 shall be radiographed
in Table 3. The welding position shall be vertical for the to evaluate the soundness of the weld metal and the usabil-
%, in. [2.4 mm or 2.5 mm] and % in. [3.2 mm] diameter ity of the electrode. In preparation for radiography, the

electrodes or flat for the 5/32 in. [4.0 mm] and 3/15 in. backing shall be removed and both surfaces of the weld

[4.8 mm, 5.0 mm, or 6.0 mm] diameter electrodes. Testing shall be machined or ground smooth and flush with the

10.2 The sample taken from the reduced section of
the fractured tension specimen, or from the corresponding
location in the groove weld in Fig. 2 or Fig. 3 shall be
prepared for analysis by any suitable mechanical means.
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FIG.1 PAD FOR CHEMICAL ANALYSIS OF UNDILUTED WELD METAL

WELD
METAL
W

BASE
METAL

Minimum Distance of

Weld Pad Size, Sample From Surface of
Electrode Size Minimym Base Plate
in. mm in. mm in. mm
2 2.4 L 1% 38 % 10
W Y 13
H bA 13
Yo 2.5 L 1% 38 % 10
W A 13
H A 13
% 3.2 L 2 50 Y 13
W A 13
H % 16
%2 4.0 L 2 50 % 13
W A 13
H % 16
% 4.8 L 2 50 Y 13
16 . 2
W A 13
H % 16
e 5.0 L 2 50 % 13
W A 13
H % 16
e 6.0 L 2 50 % 13
W A 13
H % 16
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FIG.2 TEST ASSEMBLY FOR TENSION AND BEND TEST

2 WELD
= - 1S CENTERLINE
@
o
<>—1in [25 mm] MIN.
TENSION SPECIMEN BEND SPECIMENS

LAYOUT OF TEST ASSEMBLY
\(90" MIN. w

5°MAX.
AFTER WELDING BACKING BAR MAY BE ANY
SUITABLE DIMENSION
GROOVE PRERARATION
Test Plate Width of Test
Thickness Plate,
Root Opening, R? T, min. Number W, min.
Elecrode Size, in. [mm] in. mmd in. mm of Layers® in. mm
% [3.21 and less A 6.4 A 12 o 6 150
%, [4.0] and larger % 13 A 20 6t09 6 150

GENERAL NOTES:

1. Weld test plates for all-weld-metal tension and bend specimens shall be prepared using the plate base metal shown in Table 3.

2. The surfaces to be welded shall helclean.

3. Welding shall be performed with-the plates in the flat position, using the current values and welding techniques recommended by the electrode
manufacturer.

4. Preheat temperature shall_be 60°F [15°CT minimum. The interpass temperature shall not exceed 300°F [150°C]. For ECuSi classification,
the interpass temperature shall not exceed 150°F [65°C].

5. The weld metal shallyhave a maximum bead width equal to six (6) times the core wire diameter. The completed weld shall be at least flush
with the surface of the test plate.

6. Tests shallehe\conducted in the as welded condition.

NOTES:

a. Root 'gpgning tolerance is +%, in. [+1.5 mmI.

b. Fbr the ECuNi classification, the minimum groove angle shall be 60 deg. For all classifications, the number of layers for the % in. [3.2 mm]

and smaller electrodes shall be recorded and reported. The %, in. [4.0 mm1 and larger electrodes shall have a minimum of six layers and a
maximum of nine layers.

219


https://asmenormdoc.com/api2/?name=ASME BPVC.II.C (ASME BPVC Section II part C) 2023.pdf

SFA-5.6/SFA-5.6M

ASME BPVC.IL.C-2023

FIG. 3 GROOVE WELD FOR RADIOGRAPHIC TEST (ECuNi ONLY)

«——————————— 6in [150 mm] MIN:

RN

R2

\[. &

Y

T—1/4 in [6 mm] MAX¢ T— BACKING BAR MAY BE ANY
SUITABLE WIDTH

6 in [150 mm] MIN.

[~

|

Test Plate Thickness

Electrode Size Root Opening? T, min.
in. mm in. mm in. mm
2 2.4, 2.5 Y 6.4 Y 6
% 3.2 %6 8 % 10
2 4.0 % 9.5 A 12
s 4:875.0, 6.0 % 12 % 12

GENERAL NOTES:

1. Welding shall hesconducted in the vertical position or flat position as prescribed in 9.4.2.

2. Base metal,shall/be in accordance with Table 3.
3. The surfaces.to be welded shall be clean.
4

Each.weld bead shall contain a start in the area to be evaluated. The weld metal shall have a maximum bead width equal to six (6) times
the Goré wire diameter. The root layer for a test of %, in. [4.0 mm1 electrode or larger may be deposited with a %, in. [2.4 mm or 2.5 mm]
or4 in. [3.2 mm1 electrode.

w

The completed weld shall be at least flush with the surface of the test plate.

6. Preheat temperature shall be 60°F [15°C1 minimum. The interpass temperature shall not exceed 300°F [150°C1.
7. After completion of the weld, the weld reinforcement and backing strip shall be removed flush with the base plate surfaces and the assembly

shall be radiographed.
NOTE:

a. Root opening tolerance is J_rl/lb in. [+1.5 mml.
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TABLE 3

BASE METALS FOR TEST ASSEMBLIES

Base Metal (ASTM Specification and UNS Numbers)

UNS All-Weld-Metal Transverse
AWS Classification Number? Chemical Analysis Tension Test Side-Bend Test
ECu 12200 B152 B152 B152
ECuSi C65500 B9o6 B97 B9o6
ECuSn-A C51100 B103 B103 B163
ECuSn-C C52100 B103 B103 B203
ECuNi® €71500 B122 B122 BI22
ECuAl-A2 C61400 B169 B169 B169
ECuUAI-B €95400 B148 B148
ECuNiAl €95800 B148 B148
ECuMnNiAl C95700 B148 B148
NOTES:

a.
b.

original surfaces of the base metal or with a uniform rein-
forcement not exceeding %, in. [2.5 mm)]. It is permitted
on both sides of the test assembly to remove base metal
to a depth of %4 in. [1.5 mm] nominal below the original
base metal surface in order to facilitate backing and/or
buildup removal. The thickness of the weld metal shall not
be reduced by more than ¥¢ in. [1.5 mm] so that the
machined thickness of the radiographic test specimen
equals at least the thickness of the base metal minus % in.
[1.5 mm]. Both surfaces of the test assembly, in the area
of the weld, shall be smooth enough to avoid difficulty in
interpreting the radiograph.

11.2 The weld shall be radiographed in“accordance
with ASTM E 1032.

11.3 The soundness of the weld mgtal and the usability
of the electrode meet the requirements of this specification
if the radiograph shows

(a) no cracks, no incomplete fusion and no incomplete
penetration

(b) no slag inclusions'in excess of those permissible in
Note 4 in the radiographic standards in Figs. 4A, 4B, 4C,
and 4D

(c) no rounded indications in excess of those permitted
by the radiographic standards in Figs. 4A, 4B, 4C, and 4D

In evaluating the radiograph, 1 in. [25 mm] of the weld
on(each end of the test assembly shall be disregarded.

11.3.1 A rounded indication is an indication (on the
radiograph) whose length is no more than three times its
width. Rounded indications may be circular or irregular in
shape, and they may have tails. The size of a rounded
indication is the largest dimension of the indication, includ-
ing any tail that may be present.

11.3.2 The indications may be of porosity or slag.

ASTM DS-56/SAE HS-1086, Metals & Alloys in the Unified Numbering System.
Groove weld usability tests shall be conducted for the ECuNi classification as per Fig. 3 using B122 base&\wietal (UNS C71500).

[0.4 mm] shall be disregarded. Test assemblies with indica-
tions larger than the large indications permitted in the
radiographie- standards do not meet the requirements of
this specification.

12,

12.1 One all-weld metal round tension specimen, as
specified in the Tension Test section of AWS B4.0 or
AWS B4.0M, shall be machined from the groove weld
described in 9.4.1 and shown in Fig. 2. The tensile speci-
men shall have a nominal diameter of 0.500 in. [12.5 mm)]
for test assemblies 3/4 in. [20 mm] thick, or 0.250 in. [6 mm]
for test assemblies '/2 in. [12 mm] thick. All tensile speci-
mens shall have a nominal gage-length-to-diameter ratio
of 4:1. Other dimensions of the tension test specimen shall
be as specified in AWS B4.0 or B4.0M.

Tension Test

12.2 The specimen shall be tested in the as-welded
condition in the manner described in the tension test section
of AWS B4.0 or AWS B4.0M.

12.3 The results of the tension test shall meet the
requirements specified in Table 4.

13. Bend Test

13.1 Two transverse side bend specimens as required
in Table 2 shall be machined from the groove weld
described in 9.4.1 and shown in Fig. 2.

13.2 The specimens (in the as-welded condition) shall
be tested in the manner described in the bend test section
of AWS B4.0 or AWS B4.0OM. A % in. [10 mm] thick
specimen shall be uniformly bent 180 deg over a % in.
[19 mm)] radius. Any suitable fixture, as specified in the
Bend Test section of AWS B4.0 or AWS B4.0M. may be

Indications whose largest dimension does not exceed /% in.
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FIG. 4A RADIQGRAPHIC ACCEPTANCE STANDARD FOR % IN. [6 MM] TEST PLATE

(A) ASSORTED ROUNDED INDICATIONS

SIZE 1/64 in TO 0.050 in [0.4 mm TO 1.3 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD =21, WITH THE FOLLOWING RESTRICTIONS:

MAXIMUM NUMBER OF LARGE 0.031 in TO 0.050 in [0.8 mm TO 1.3 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 4
MAXIMUM NUMBER OF MEDIUM 0.020 in TO 0.031 in [0.5 mm TO 0.8 mm] IN DIAMETER OR IN LENGTH INDICATIONS '=/5
MAXIMUM NUMBER OF SMALL 1/64 in TO 0.020 in [0.4 mm TO 0.5 mm] IN DIAMETER OR IN LENGTH INDICATIONS(=12

(B) LARGE ROUNDED INDICATIONS

SIZE 0.031in TO 0.050 in [0.8 mm TO 1.3 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm] OF WELD =8

(C) MEDIUM ROUNDED INDICATIONS

SIZE 0.020 in TO 0.031 in [0.5 mm TO 0.8 mm] IN DIAMETER OR\IN-LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm] OF WELD = 19

(D)'SMALL ROUNDED INDICATIONS

SIZE 1/64 in TO 0.020 in [0.4 mm TQ.0.5 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS-IN ANY 6 in [150 mm] OF WELD = 48

GENERAL NOTES:

(1) The chart that is most represefitative of the size of the rounded indications in the radiograph of the test assembly shall be used to determine
conformance with this specification. Rounded indications Y4 in. [0.4 mm1 and smaller shall be disregarded. The largest dimension of the
indication (including any.tail) is the size of the indication.

(2) These radiographie,requirements are for test welds made in the laboratory specifically for classification purposes. They are more restrictive
than those normally encountered in general fabrication.

(3) When using-the.alternative method of evaluation described in 11.3.1, the total cross-sectional area of the rounded indications (calculated
from meastkements taken from the radiograph) shall not exceed 0.015 in.? [10 mm?] in any 6 in. [150 mm1 of weld.

(4) The aceeptance standard for slag inclusions in this assembly is the following:

(&) length of each individual slag indication: %4, in. [4.0 mmJ maximum
(h) Total length of all slag indications: ¥ in. [6.4 mm] maximum
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FIG. 4B RADIOGRAPHIC ACCEPTANCE STANDARD FOR % IN. [10 MM1 TEST PLATE

(A) ASSORTED ROUNDED INDICATIONS

SIZE 1/64 in TO 0.075 in [0.4 mm TO 1.9 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 17, WITH THE FOLLOWING RESTRICTIONS;

MAXIMUM NUMBER OF LARGE 0.049 in TO 0.075 in [1.3 mm TO 1.9 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 3
MAXIMUM NUMBER OF MEDIUM 0.020 in TO 0.049 in [0.5 mm TO 1.3 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 3
MAXIMUM NUMBER OF SMALL 1/64 in TO 0.020 in [0.4 mm TO 0.5 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 11

(B) LARGE ROUNDED INDICATIONS

SIZE 0.049 in TO 0.075 in [1.3 mm TO 1.9 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm] OF WELD =5

(C) MEDIUM ROUNDED,INDICATIONS

SIZE 0.020 in TO 0.049 in [0.5 mm TO 01.3 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm}-OF WELD = 11

(D) SMALL ROUNDED INDICATIONS

SIZE 1/64 in TO 0.020 in [0.4 mm'TO 0.5 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm] OF WELD =72

GENERAL NOTES:

(1) The chart that is most.representative of the size of the rounded indications in the radiograph of the test assembly shall be used to determine
conformance with\this specification. Rounded indications %4 in. [0.4 mm] and smaller shall be disregarded. The largest dimension of the
indication (including any tail) is the size of the indication.

(2) These radiégeaphic requirements are for test welds made in the laboratory specifically for classification purposes. They are more restrictive
than those normally encountered in general fabrication.

(3) When\using the alternative method of evaluation described in 11.3.1, the total cross-sectional area of the rounded indications (calculated
fromyreasurements taken from the radiograph) shall not exceed 0.023 in.? [15 mm?] in any 6 in. [150 mm1] of weld.

(4)_The acceptance standard for slag inclusions in this assembly is the following:

(a) Length of each individual slag indication: 7/32 in. [5.6 mml maximum
(b) Total length of all slag indications: >4 in. [10 mm] maximum
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FIG. 4C RADIOGRAPHIC ACCEPTANCE STANDARD FOR % IN. [12 MMI] TEST PLATE

(A) ASSORTED ROUNDED INDICATIONS

SIZE 1/64in TO 0.10 in [0.4 mm TO 2.5 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 45, WITH THE FOLLOWING RESTRICTIONS:

MAXIMUM NUMBER OF LARGE 0.031 in TO 0.10 in [0.8 mm TO 2.5 mm] IN DIAMETER OR IN LENGTH INDICATIONS =
MAXIMUM NUMBER OF MEDIUM 0.020 in TO 0.031 in [0.5 mm TO 0.8 mm] IN DIAMETER OR IN LENGTH INDICATIONS =9
MAXIMUM NUMBER OF SMALL 1/64 in TO 0.020 in [0.4 mm TO 0.5 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 35

(B) LARGE ROUNDED INDICATIONS

SIZE 0.031in TO 0.10 in [0.8 mm TO 2.5 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm] OF WELD = 4

(C) MEDIUM ROUNDEDINDICATIONS

SIZE 0.020 in TO 0.031 in [0.5 mm TO 0.8 mm] IN DIAMETER'OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm]‘@F WELD = 40

(D) SMALL ROUNDED INDICATIONS

SIZE 1/64 in TO 0.020 in [0.4 mm TO 0.5 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICAFIONS IN ANY 6 in [150 mm] OF WELD = 101

GENERAL NOTES:

(1) The chart that is most representative of the size of the rounded indications in the radiograph of the test assembly shall be used to determine
conformance with_this specification. Rounded indications %4 in. [0.4 mm1 and smaller shall be disregarded. The largest dimension of the
indication (in€luding any tail) is the size of the indication.

(2) These radiggraphic requirements are for test welds made in the laboratory specifically for classification purposes. They are more restrictive
than théSe, normally encountered in general fabrication.

(3) Wheh usihg the alternative method of evaluation described in 11.3.1, the total cross-sectional area of the rounded indications (calculated
f¢om Teasurements taken from the radiograph) shall not exceed 0.030 in.2 [20 mm?] in any 6 in. [150 mm1] of weld.

(4). The acceptance standard for slag inclusions in this assembly is the following:

(a) Length of each individual slag indication: 7, in. [5.6 mm] maximum
(b) Total length of all slag indications: 7/16 in. [11 mm] maximum
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FIG. 4D RADIOGRAPHIC ACCEPTANCE STANDARD FOR % IN. [20 MM] TEST PLATE

(A) ASSORTED ROUNDED INDICATIONS

SIZE 1/64 in TO 0.125 in [0.4 mm TO 3.2 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER OF INDICATIONS IN ANY 6 in [150 mm] OF WELD = 53, WITH THE FOLLOWING RESTRICTIONS:

MAXIMUM NUMBER OF LARGE 0.034 in TO 0.125 in [0.9 mm TO 3.2 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 1
MAXIMUM NUMBER OF MEDIUM 0.024 in TO 0.034 in [0.6 mm TO 0.9 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 17
MAXIMUM NUMBER OF SMALL 1/64 in TO 0.024 in [0.4 mm TO 0.6 mm] IN DIAMETER OR IN LENGTH INDICATIONS = 35

(B) LARGE ROUNDED INDICATIONS

SIZE 0.034 in TO 0.1 in [0.9 mm TO 2.5 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm] OF WELD = 4

(C) MEDIUM 'ROUNDED INDICATIONS

SIZE 0.024 in TO 0.034 in [0.6 mm TO 0.9 mm]iN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY¢6 in*[150 mm] OF WELD = 50

(D) SMALL ROUNDED INDICATIONS

SIZE 1/64 in TO 0.024 in [0.4 mm TO 0.6 mm] IN DIAMETER OR IN LENGTH
MAXIMUM NUMBER INDICATIONS IN ANY 6 in [150 mm] OF WELD = 90

GENERAL.NOTES:

(1) The chart that is most representative of the size of the rounded indications in the radiograph of the test assembly shall be used to determine
cdnfarmance with this specification. Rounded indications %4 in. [0.4 mm1 and smaller shall be disregarded. The largest dimension of the
indication (including any tail) is the size of the indication.

(2)) These radiographic requirements are for test welds made in the laboratory specifically for classification purposes. They are more restrictive
than those normally encountered in general fabrication.

(3) When using the alternative method of evaluation described in 11.3.1, the total cross-sectional area of the rounded indications (calculated
from measurements taken from the radiograph) shall not exceed 0.045 in.2 [30 mm?] in any 6 in. [150 mm1] of weld.

(4) The acceptance standard for slag inclusions in this assembly is the following:

(a) Length of each individual slag indication: %, in. [7.9 mmJ maximum
(b) Total length of all slag indications: %, in. [11.9 mm] maximum
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(c) 4% of the mean dimension for % in. [4.8 mm

MECHANICAL PROPERTY REQUIREMENTS

Tensile §trength, Elongation

min. Percent,
AWS Classification ksi MPa min.
ECu 25 170 20
ECuSi 50 350 20
ECuSn-A 35 240 20
ECuSn-C 40 280 20
ECuNi 50 350 20
ECuAI-A2 60 410 20
ECuAI-B 65 450 20
ECuNiAl 72 500 10
ECuMnNiAl 75 520 15

side of the specimen with the greater discontinuities, if
any, is in tension.

13.3 Each specimen, after bending, shall conform to
the specified radius, with appropriate allowance for spring
back, and the weld metal shall show no cracks or open
discontinuities exceeding % in. [3.2 mm] measured in any
direction. Small checks or cracks at the edges of the test
specimen shall be disregarded.

14. 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.

15. Standard Sizes and Lengths

15.1 Standard sizes and lengths of electrodes are shown
in Table 5. Other sizes shall be as agreéd upon between
the purchaser and manufacturer.

15.2 Diameter of the core wire shall not vary more
than +0.003 in. [£0.1 mm] from the diameter specified.
Length shall not vary more than + in. [+2% of the nominal
mm length].

16.

16.1 The(core wire and covering shall be free of defects
that would interfere with uniform deposition of the weld
electrode)

Core Wiretand Covering

16.2° The core wire and the covering shall be concentric
to~the extent that the maximum core-plus-one covering
dimension does not exceed the minimum core-plus-one
covering dimension by more than:

(a) 7% of the mean dimension for %, in. [2.4 mm and
2.5 mm]

(b) 5% of the mean dimension for sizes

4in. and % in

5.0 mm, and 6.0 mm)]
Concentricity may be measured by any suitable means.

17. Exposed Core

17.1 The grip end of each electrode shall be bare (free
of covering) for a distance of not less than % in. [12 mm],
nor more than 1% in. [30 mm] for electrodes %, in. [4.0 mm}
and smaller, and not less than 3/4 in. [19 mm], nor mere
than 11/2 in. [38 mm] for electrodes 3/]6 in. [4.8 mm} and
larger, to provide for electrical contact with thé®lectrode
holder.

17.2 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. Electiodes with chipped coverings near
the arc end, baring\thé core wire no more than the lesser
of l/4 in. [6 mm_or twice the diameter of the core wire,
meet the requirement of this specification provided no chip
uncovers@ore than 50% of the circumference of the core.

18.

All electrodes shall be identified as follows:

Electrode Identification

18.1 At least one imprint of the electrode classification
shall be applied to the electrode covering beginning within
2% in. [65 mm)] of the grip end of the electrode. The prefix
letter “E” in the classification may be omitted from the
imprint.

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

18.3 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.

19.

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

Packaging

19.2 Standard package weights shall be as agreed upon
by the supplier and purchaser.

20.

20.1 The following product information (as a mini-
mum) shall be legibly marked on the outside of each unit

Marking of Packages

[3.2 mm and 4.0 mm]
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STANDARD SIZES AND LENGTHS

Standard Length? ®

Standard Size

(Core Wire Diameter) ECuAI-B, ECuNiAl All Others

in. mm in. mm in. mm

Yo 2.4° 9or12 250 o 300
2.5 9 or 12 250 or 300

% 3.2 14 350 14 350

Y 4.0 14 or 18 350 or 450 14 or 18 350 or 450

3/16 4.8° 14 or 18 350 or 450 14 or 18 350 or 450
5.0 14 or 18 350 or 450 14 or 18 350 or 450
6.0 14 or 18 350 or 450 14 or 18 350 or 450

NOTES:

a. Lengths other than these shall be as agreed upon between purchaser and supplier.

b. In all cases, end-gripped electrodes are standard.
c. Not included in ISO 544.

(a) AWS specification and classification designations
(year of issue may be excluded)

(b) Supplier’s name and trade designation

(c) Size and net weight

(d) Lot, control, or heat number

20.2 The appropriate precautionary information® given
in ANSI Z49.1, latest edition (as a minimum), or its equiva-
lent, shall be prominently displayed in legible print‘on all
packages, including individual unit packages within a
larger package.

8 Typical examples of “warning labels” are shdwh in figures in ANSI
749.1 for some common or specific consumables used with certain pro-
cesses.
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- @ @ @ @ @ AnnexA dnformative— 0000000

Guide to AWS Specification for Copper and Copper-Alloy
Electrodes for Shielded Metal Arc Welding

(This annex is not part of AWS AS5.6/A5.6M:2008, Specification for Copper and Copper-Alloy Electrodes for Shielded Metal Arc Welding, but is
included for informational purposes only.)

Al. Introduction

The purpose of this guide is to correlate the electrode
classifications with their intended applications so the speci-
fication can be used effectively. Appropriate base metal
specifications are referred to whenever that can be done
and when it would be helpful. Such references are intended
only as examples rather than complete listings of the mate-
rials for which each electrode is suitable.

A2. C(lassification System

A2.1 The system for identifying the electrode classifi-
cation in this specification follows the standard pattern
used in other AWS filler metal specifications, namely:

(a) The letter E at the beginning of each classification
designation indicates a covered electrode.

(b) The chemical symbol Cu is used to identify the
electrodes as copper-base alloys, and the additional chendi-
cal symbol, such as Si in ECuSi, Sn in ECuSn, etc,, indi-
cates the principal alloying element of each classifiation
or group of similar classifications. Where maorethan one
classification is included in a basic group, the ‘individual
classifications in the group are identified, By the letters A,
B, C, etc., as in ECuSn-A. Further subdividing is done by
using a 1, 2, etc., after the last letter;.asithe 2 in ECuAl-A2.

A2.2 Request for Filler Metal Classification

A2.2.1 A request to establish a new electrode classi-
fication must be writtep; and it needs to provide sufficient
detail to permit the AS-Committee on Filler Metals and
Allied Materials or'the Subcommittee to determine whether
a new classificdtion or a modification of an existing classi-
fication is moreJappropriate, and whether either is necessary
to satisfy(the need.

In particular, the request needs to include:

(d) all classification requirements as given for
existing classifications, such as chemical composition
ranges, mechanical property requirements, and usability
test requirements.

(b) any testing conditions for conductingZthe tests
used to demonstrate that the product meets- the’classifica-
tion requirements. (It would be sufficient) for example, to
state that welding conditions are théc/same as the other
classifications.)

(c) Information on Descripfions and Intended Use,
which parallels existing classifications for that section in
the Annex.

A request for a new, classification without the above
information will be‘considered incomplete. The Secretary
will return the réquest to the requestor for further infor-
mation.

A2.2.2)" The request should be sent to the Secretary
of the{€ommittee on Filler Metals and Allied Materials
at AWS Headquarters. Upon receipt of the request, the
Seeretary will:

(a) assign an identifying number to the request. This
number will include the date the request was received.

(b) confirm receipt of the request and give the identi-
fication number to the person who made the request.

(c) send a copy of the request to the Chair of the
Committee on Filler Metals and Allied Materials and the
Chair of the particular Subcommittee involved.

(d) file the original request.

(e) add the request to the log of outstanding requests.

A2.2.3 All necessary action on each request will be
completed as soon as possible. If more than 12 months
lapse, the Secretary shall inform the requestor of the status
of the request, with copies to the Chairs of the Committee
and the Subcommittee. Requests still outstanding after
18 months shall be considered not to have been answered
in a timely manner, and the Secretary shall report these to
the Chair of the AS Committee on Filler Metals and Allied
Materials for action.

A2.2.4 The Secretary shall include a copy of the log
of all requests pending and those completed during the
preceding year with the agenda for each A5 Committee
on Filler Metals and Allied Materials meeting. Any other
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required by the purchase order. In such cases, acceptance

TABLE Al
COMPARISON OF SPECIFICATIONS
Covered Bare Rods and Proposed

Electrodes Electrodes ISO
A5.6/A5.6M A5.7/A5.7M3 Designations®
ECu ERCu EC1898
ECuSi ERCuSi-A EC6560
ECuSn-A ERCuSn-A EC5180
ECuSn-C ERCuSn-C EC5210
ECuNi ERCuNi EC7158

C ERCuUAI-Al EC6100
ECuUAI-A2 ERCuUAI-A2 EC6180

A ERCuUAI-A3 EC6240
ECuAI-B . EC6220
ECuNiAl ERCuNiAl EC6328
ECuMnNiAl ERCuMnNiAl EC6338
NOTES:

a. AWS A5.7/A5.7M, Specification for Copper and Copper-Alloy Bare
Welding Rods and Electrodes.

AWS Publication IFS:2002, International Index of Filler Metal
Classifications, Table 12A. Also, Table 12B of that document covers
bare welding materials which carry the initial letter, *SC,” in place

of “EC” for the comparable guide.

b.

publication of requests that have been completed will be
at the option of the American Welding Society, as deemed
appropriate.

A2.3 Compositions of bare welding filler metal in
AWS AS5.7 similar to those in this specification are shawn
in Table Al.

A2.4 An international system for designating welding
filler metals is under development by thenternational
Institute of Welding (IT'W) for use in futurespecifications
to be issued by the International Standards Organization
(ISO). Table Al shows the propesed designations for
copper-alloy filler metals. To gnderstand the proposed
international designation systeni, refer to Table 12A and
the Annex of AWS publi¢ation IFS 2002, International
Index of Welding FillerlMetal Classifications.

A3. Acceptance

Acceptance of all welding materials classified under this
specification is in accordance with AWS AS5.01, Filler
Metdl Riocurement Guidelines, as the specification states.
Any testing a purchaser requires of the supplier, for mate-
rial shipped in accordance with this specification, needs to
be clearly stated in the purchase order, according to the
provisions of AWS A5.01. In the absence of any such
statement in the purchase order, the supplier may ship
the material with whatever testing the supplier normally
conducts on material of that classification, as specified in
Schedule F, Table 1, of AWS A5.01. Testing in accordance

of the material shipped will be in accordance with those
requirements.

A4. Certification

The act of placing the AWS specification and classificas
tion designations on the packaging enclosing the product
or the classification on the product itself, constitutes, the
supplier’s (manufacturer’s) certification that the~product
meets all of the requirements of the specificatien."The only
testing requirement implicit in this “cerification” is that
the manufacturer has actually conducted the tests required
by the specification on material that, is’representative of
that being shipped and that the<tested material met the
requirements of the specificatioif, Representative material,
in this case, is any produetion run of that classification
using the same formulatioit. “Certification” is not to be
construed to mean thaptests of any kind were necessarily
conducted on samples- of the specific material shipped.
Tests on such madtérial may or may not have been con-
ducted. The~basis for the “certification” required by the
specification™is the classification test of “representative
material?’ cited above, and the “Manufacturer’s Quality
Assurance System” in AWS A5.01.

AS. Ventilation During Welding

AS5.1 Five major factors govern the quantity of fumes
in the atmosphere to which welders and welding operators
are exposed during welding. These are:

(a) dimensions of the space in which welding is done
(with special regard to the height of the ceiling)

(b) number of welders working in that space

(c) rate of evolution of fumes, gases, or dust, according
to the materials and processes used

(d) the proximity of the welders to the fumes, as these
fumes issue from the welding zone, and to the gases and
dusts in the space in which they are working

(e) the ventilation provided to the space in which the
welding is performed

A5.2 American National Standard ANSI Z49.1, Safety
in Welding, Cutting, and Allied Processes (published by
the American Welding Society), discusses the ventilation
that is required during welding, and should be referred to
for details. Attention is drawn particularly to the Section
on Ventilation in that document. Further information con-
cerning ventilation in welding can be found in AWS F3.2,
Ventilation Guide for Weld Fume.

A6. Welding Considerations

A6.1 Before welding or heating any copper-base alloy,
the base metal should be clean. Oil, grease, paint, lubri-

with any other Schedule 1n that Table must be specifically
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A7.3 ECuSi Classification (Silicon Bronze). ECuSi

contain sulfur, lead, or silver, that may cause cracking
(embrittlement) of the base metal or the weld metal if
present during welding or heating.

A6.2 Electrodes of some of the classifications are used
for dissimilar metal welds. When making such welds, it is
important to obtain as little dilution as possible from the
dissimilar metal member (steels, for example). This can
be done by traveling slowly to deposit a thicker bead and
to dissipate the energy of the arc against the molten weld
metal or the copper base metal, rather than the dissimilar
metal member.

A6.3 Most of the electrodes in this specification are
intended to be used with direct current, electrode positive
(dcep) polarity. Some electrodes may be designated to
operate also on alternating current, which makes them
desirable for minimizing arc blow. The electrode manufac-
turer should be consulted to determine if the particular
product is designed to be used with alternating current.

A7. Description and Intended Use of Electrodes

A7.1 Copper and copper-alloy electrodes generally
operate with DCEP and the coverings often are hygro-
scopic.

A7.1.1 The supplier should be consulted regarding
the following:
(a) specific operating parameters and positions
(b) recommended storage conditions and reconditioning
temperatures

A7.1.2 The weld area should be free~ffém moisture
and other contaminants.

A7.2 ECu Classification (Copper Electrodes). ECu
electrodes are generally manufactured from deoxidized
copper wire (essentially pute copper with small amounts
of deoxidizers added) andamay be used for shielded metal
arc welding (SMAW) ef deoxidized coppers, oxygen-free
coppers, and tough\pitch (electrolytic) coppers.

The electrodesyare also used to repair or surface these
base metals ag well as to surface steel and cast iron.
Mechanically and metallurgically sound joints can best be
made_in deoxidized coppers.

Reactions with hydrogen in oxygen-free copper, and the
Segregation of copper oxide in tough pitch copper may
detract from joint efficiency. However, when highest qual-
ity is not required, ECu electrodes may be successfully
used on these base metals.

The high thermal conductivity of unalloyed coppers in
thick sections may require preheat and interpass tempera-

electrodes contain approximately 3% silicon plus small
percentages of manganese and tin. They are used primarily
for welding copper-silicon alloys. ECuSi electrodes are
occasionally used for the joining of copper, dissimilar met-
als, and some iron base metals. Silicon bronze weld metal
seldom is used to surface bearing surfaces, but often is
used to surface areas subject to corrosion.

A7.4 ECuSn Classification (Phosphor Bronze).
ECuSn electrodes are used to join phosphor bronzes of
similar compositions. They are also useful for;joining
brasses and, in some cases, for welding themé cast iron
and carbon steel. ECuSn weld metals tenidto flow slug-
gishly, requiring preheat and interpass teémperatures of at
least 400°F [200°C] on heavy sectiofig)Postweld heat treat-
ment may not be necessary, but it‘is desirable for maximum
ductility, particularly if the weldmietal is to be cold worked.

A7.4.1 ECuSn-A elettrodes are used primarily to
join base metals of simiilar composition. They also may be
used to weld coppecif the resultant weld metal has adequate
electrical condu¢tiyity and corrosion resistance for the spe-
cific applicatien.

A7.42) ECuSn-C electrodes have higher tin content
resultirfg in weld metals of higher hardness, tensile
strength, and yield strength compared to ECuSn-A weld
metal.

A7.5 ECuNi Classification (Copper-Nickel). Elec-
trodes of the ECuNi classification are used for shielded
metal arc welding (SMAW) of wrought or cast %0, %%,
and °%, copper-nickel alloys to themselves or to each
other. They also are used for welding the clad side of
copper-nickel clad steel. Preheating generally is not nec-
essary.

A7.6 ECuAl Classification (Aluminum Bronze)

A7.6.1 The copper-aluminum electrodes are used
only in the flat position. For butt joints, a 90 deg single
V-groove is recommended for plate thicknesses up to and
including 7/ in. [10 mm]. A modified U- or double
V-groove is recommended for heavier plate thicknesses.
Preheat and interpass temperature should be as follows:

(a) For iron-base materials, 200°F to 300°F [100°C to
150°C]

(b) For bronzes, 300°F to 400°F [150°C to 200°C]

(c) For brasses, 500°F to 600°F [250°C to 300°C]

A7.6.2 ECuAl-A2 electrodes are used in joining alu-
minum bronzes of similar composition, high strength
copper-zinc alloys, silicon bronzes, manganese bronzes,
some nickel alloys, many ferrous metals and alloys, and
combinations of dissimilar metals. The weld metal is also
suitable for surfacing wear- and corrosion-resistant bearing

tures up to 1000°F [540°C].
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TABLE A2 TABLE A3
HARDNESS OF COPPER AND COPPER-ALLOY WELD DISCONTINUED CLASSIFICATIONS
METAL Discontinued Classifications Last Year Published
Hardness®
ECuAl-A? 1948
Brinell Vickers ECUAIl-CP 1948
AWS Classification HBS Load, kgf HV Load, kgf ECuAI-D¢ 1948
ECuAI-E® 1948
ECu 25" .. 38 1 ECuAIl-A1? 1969
ECuSi 80-100 500 94-110 1
ECuSn-A 70-85 500 76-98 1 NOTES:
ECuSn-C 85-100 500 98-110 1 a. This electrode classification was reclassified as ECUAIFAL with a
ECuNi 60-80 20 64-94 1 wider aluminum content by dropping the minimups allowable. That
ECUAI-A2 130-150 3000 130-150 10 classification was later discontinued in 1977¢
ECuAI-B 130-180 3000 140-184 10 b. This older electrode classification, togethér with the old version of
ECuNiAl 160-200 3000 163-205 10 ECUAI-B, was reclassified into a new singl&’electrode classifiction
ECuMnNiAl 160-200 3000 163-205 10 ECuAI-A2 with a combined wider range of aluminum, and is cur-
rently listed in this current revisiondThis older classification contin-
NOTES: ues in the A5.13 specification£btit with a higher aluminum content
a. These values are average values for an as-welded deposit made with than was specified in A5.6:487F.
the filler metal specified. This table is for information only. c. This older electrode clasSification became the newer version of
b. Rockwell F-scale (HRF).

A7.6.3 ECuAl-B electrodes deposit weld metal hav-
ing a higher tensile strength, yield strength, and hardness
(with a correspondingly lower ductility) than ECuAl-A2
weld metal. ECuAl-B electrodes are used for repairing
aluminum bronze and other copper-alloy castings.
ECuAl-B weld metal also is used for wear- and
corrosion-resistant bearing surfaces.

A7.6.4 ECuNiAl electrodes are used to join or repair
cast or wrought nickel-aluminum bronze materials,/These
weld metals also may be used for applications #equiring
high resistance to corrosion, erosion, or cavitation in salt
and brackish water.

A7.6.5 ECuMnNiAl electrodes are used to join or
repair cast or wrought manganese-nickel-aluminum bronze
materials. These weld metals exhibit excellent resistance
to corrosion, erosion, and cavitation.

A8. Special Testing

A8.1 It is recognizéd that supplementary tests may be
necessary to determine the suitability of these electrodes
for applications involving properties not considered in this
specificationtJn' such cases, additional tests to determine
such speeificproperties as corrosion resistance, mechanical
propexties‘at low and high temperatures, and suitability for
welding combinations of dissimilar metals may be required
apon agreement between the purchaser and supplier.

A8.2 Tests for hardness are not included in this specifi-
cation. For reference, however, a chart of typical hardness
values is included as Table A2.

A9. Discontinued Classifications

Some classifications have been discontinued from one

ECuAI-B and still contintes in the current specification. This older
classification contihues-in the A5.13 specfication, but with a higher
aluminum content-than was specified in A5.6-48T.

This older-electfode classification was reclassified as ECuAI-C in
the A5.13<56T specification. This older classification continues in
the A5.13 specfication, but with a higher aluminum content than
was-specified in A5.6-48T.

from changes in commercial practice or changes in the
classification system used in the specification. The classi-
fications that have been discontinued are listed in Table A3,
along with the year in which they were last included in
the specification.

A10. General Safety Considerations

A10.1 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 Annex Clause A5. Safety and health informa-
tion is available from other sources, including, but not
limited to, Safety and Health Fact Sheets listed in A10.3,
ANSI Z49.1, Safety in Welding, Cutting, and Allied Pro-
cesses, and applicable federal and state regulations.

A10.2 Safety and Health Fact Sheets. The Safety and
Health Fact Sheets listed below are published by the Ameri-
can Welding Society (AWS). They may be downloaded
and printed directly from the AWS website at http://
www.aws.org. The Safety and Health Fact Sheets are

revision of this specification to another. This results either
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A10.3 AWS Safety and Health Fact Sheets Index 13 Ergonomics in the Welding Environment
(SHF)9 14 Graphic Symbols for Precautionary Labels
15 Style Guidelines for Safety and Health Documents
No. Title 16 Pacemakers and Welding
T 17 Electric and Magnetic Fields (EMF)
1 Fumes and Gases 18 Lockout/Tagout
i Ra(.lfatlon 19 Laser Welding and Cutting Safety
Noise . . . . 20 Thermal Spraying Safety
4 Chromium and Nickel in Welding Fume 21 Resistance Spot Welding
5 E.lectrlc Hazards. . 22 Cadmium Exposure from Welding & Allied Processes
6 Fire and Explosion Prevention 23 California Proposition 65
7~ Bumn Pr.otectlon 24 Fluxes for Arc Welding and Brazing: Safe Handling and-Usg
8 Mechanical Hazards 75 Metal Fume Fever
9 Trlppmg ar.1d Falling 26 Arc Viewing Distance
10 Falllfrilg Objects 27 Thoriated Tungsten Electrodes
11" Confined Spaces 28 Oxyfuel Safety: Check Valves and Flashback(Arfestors
12 Contact Lens Wear 29 Grounding of Portable and Vehicle Mounted.Welding Generators
 AWS standards are published by the American Welding Society, 550 30 Cylinders: Safe Storage, Handling, and-Use
31 Eye and Face Protection for Welding and Cutting Operations

N.W. LeJeune Road, Miami, FL 33126.
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SPECIFICATION FOR COPPER AND COPPER-ALLOY
BARE WELDING RODS AND ELECTRODES

®Z@ SFA-5.7 /SFA-57M

®

(Identical with AWS Specification A5.7/A5.7M:2007. In case of dispute, the original AWS text applies.)
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BARE WELDING RODS AND ELECTRODES

&

®

SFA-5.7/SFA-5.TM

(Identical with AWS Specification A5.7/A5.7M:2007. In case of dispute, the original AWS text applies.)

1.  Scope

1.1 This specification prescribes requirements for the
classification of copper and copper-alloy bare welding rods
and electrodes for plasma arc, gas metal arc, and gas tung-
sten arc welding. It includes compositions in which the
copper content exceeds that of any other element.!

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 the informative Annex Clauses A5 and A10.
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. Custom-
ary 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 proper-
ties. The specification with the designation AS.7 uses U.S.
Customary Units. The specification AS.7M uses SI Units.
The latter are shown within brackets [«J\or in appropriate
columns in tables and figures. Standatd dimensions based
on either system may be used for Sizing of filler metal or
packaging or both under AS5.7°0r A5.7M specification.

2. Normative References

The following-Standards contain provisions which,
through referencel in this text, constitute provisions of this
AWS standard? For dated references, subsequent amend-
ments tes.or revisions of, any of these publications do not
apply~However, parties to agreement based on this AWS

"No attempt has been made to provide for classification of all grades
of copper and copper-alloy filler metals; only the more commonly used
have been included.

standard are encouraged to investigate the possibility of
applying the most recent editions of theydocuments shown
below. For undated references, thé latest edition of the
standard referred to applies.

2.2 The following AWSGtandard? is referenced in the
normative clauses of this document:
(1) AWS AS5.01, Filler Metal Procurement Guidelines.

2.3 The follpwinig ANSI standard® is referenced in the
normative clauses’of this document:

(1) ANSIZA9.1, Safety in Welding, Cutting, and Allied
Processes:

234" The following ASTM International standards* are
referenced in the normative clauses of this document:

(1) ASTME 29, Standard Practice for Using Significant
Digits in Test Data to Determine Conformance with Speci-
fications.

(2) ASTM E 75, Test Methods for Chemical Analysis
of Copper-Nickel and Copper-Nickel-Zinc Alloys.

(3) ASTM E 478, Standard Test Methods for Chemical
Analysis of Copper Alloys.

2.5 The following ISO standard’ is referenced in the
normative clauses of this document:

(1) 1SO 544: Welding consumables — Technical deliv-
ery conditions for welding filler materials — Type of prod-
uct, dimensions, tolerances and markings.

2 AWS standards are published by the American Welding Society, 550
N.W. LeJeune Road, Miami, FL 33126.

3 This ANSI standard is published by the American Welding Society,
550 N.W. LeJeune Road, Miami, FL 33126.

4 ASTM International standards are published by the American Society
for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959.

5 ISO standards are published by the International Organization for
Standardization, 1 rue de Varembé, Case postale 56, CH-1211 Geneva
20, Switzerland.
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the results of one or both retests fail to meet the require-

3.1 The welding materials covered by the AWS
AS5.7/A5.7TM specification are classified using a system that
is independent of U.S. Customary Units and the Interna-
tional System of Units (SI). Classification is according to
the chemical composition of the filler metal or rod stock
from which it was made, as specified in Table 1.

3.2 Material classified under one classification shall
not be classified under any other classification of this speci-
fication.

3.3 The materials classified under this specification are
intended for plasma arc, gas metal arc, and gas tungsten
arc welding, but that does not prohibit their use with other
welding processes for which they are found suitable.

4. Acceptance

Acceptance® of the material shall be in accordance with
the provisions of AWS A5.01.

5. Certification

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

6. Rounding-Off Procedure

For purposes of determining conformance with'this spec-
ification, an observed or calculated value shallkbe rounded
to the “nearest unit” in the last right-hand“place of figures
used in expressing the limiting value inCaccordance with
the rounding-off method given in ASTM E 29.

7.  Summary of Tests

Chemical analysis ofithe filler metal, or the stock from
which it was made,.is\the only test required for classifica-
tion of a product tnder this specification.

8. Retest

If ¢he ‘results of any test fail to meet its requirement,
that fest shall be repeated twice. The results of both tests
shall meet the requirements. Specimens for retest may be
taken from the original test sample or from a new test
sample. For chemical analysis, retest need be only for those
specific elements that failed to meet their requirement.If

® See Clause A3 (in Annex A) for further information concerning
acceptance, testing of the material shipped, and AWS A5.01.

7 See Clause A4 (in Annex A) for further information concerning
=

ment, the material under test shall be considered as not
meeting the requirements of this specification for that clas-
sification.

In the event that, during preparation or after completion
of any test, it is clearly determined that prescribed or proper
procedures were not followed in preparing the test specis
mens 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 pre-
scribed procedures. In this case the requiretient for dou-
bling of the number of test specimens~do€s not apply.

9.  Chemical Analysis

9.1 A sample of the fillemetal or the stock from which
it is made shall be prepafed for chemical analysis.

9.2 The sample shall'be analyzed by accepted analytical
methods. The referee ‘method shall be ASTM E 478, and
ASTM E 75 for copper-nickel alloys, as appropriate.

9.3 The\results of the analysis shall meet the require-
ments<Of Table 1 for the classification of filler metal
under/test.

10. Method of Manufacture

The welding materials classified according to this speci-
fication may be manufactured by any method that will
produce material that meets the requirements of this speci-
fication.

11. Standard Sizes and Shapes

Standard sizes for filler metal in the different package
forms (straight lengths, coils with support, coils without
support, and spools) are shown in Table 2.

12. Finish and Uniformity

12.1 Al filler metal shall have a smooth finish that is
free from slivers, depressions, scratches, scale, seams, laps,
and foreign matter that would adversely affect the welding
characteristics, the operation of the welding equipment, or
the properties of the weld metal.

12.2 Each continuous length of filler metal shall be
from a single heat or lot of material, and welds, when
present, shall have been made so as not to interfere with
the uniform, uninterrupted feeding of the filler metal on
automatic or semiautomatic equipment.

13.
13.1 Standard package forms are straight lengths, coils

Standard Package Forms

certification and the testing called for to meet this requirement.
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TABLE 2
STANDARD SIZES
Diameter Tolerance®
Standard Package Form in. in. mm in. mm
Straight lengths® Yo (0.062) 1.6 +0.002 +0.1
%a (0.078) 2.0 +0.002 +0.1
%2 (0.094) 2.4 +0.002 +0.1
. (0.097) 2.5 +0.002 +0.1
% (0.125) 3.2 +0.002 +0.1
%2 (0.156) 4.0 +0.002 +0.1
%o (0.187) 4.8¢ +0.002 +0.1
. (0.197) 5.0 +0.002 +0.1
A (0.250) 6.4 +0.002 +0.1
Coils, with or without support % (0.125) 3.2 +0.002 +0-01
=0.07
%o (0.156) 4.0 +0.002 +0.01
-0.07
e (0.187) 4.8¢ +0.002 +0.01
-0.07
(0.197) 5.0 +07002 +0.01
-0.07
(0.237) 6.0 +0.002 +0.01
-0.07
Y (0.250) 6.4° +0.002 +0.01
-0.07
Spools 0.020 0.5 +0.002 +0.01
-0.04
0.030 0.8 +0.002 +0.01
-0.04
0.035 0.9 +0.002 +0.01
-0.04
1.0 +0.002 +0.01
-0.04
Q2045 — +0.002 +0.01
-0.04
(0.047) 1.2 +0.002 +0.01
-0.04
1/16 (0.062) 1.6 +0.002 +0.01
-0.04
5/64 (0.078) 2.0 +0.002 +0.01
-0.04
3/32 (0.094) 2.4 +0.002 +0.01
-0.04
(0.097) 2.5 +0.002 +0.01
-0.04
NOTES:
a. Dimensions, tolerances, and package forms other than those shown shall be as agreed upon between
purchaser and supplier.
b. Out of roundness (the difference between the major and minor diameters) shall not exceed one-half of
the tolerance.
c. Length shall be 36 in. +0, =% in. [900 mm +2%].
d. Not included in ISO 544.
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TABLE 3
STANDARD PACKAGE DIMENSIONS AND WEIGHT?
Diameter
Net Weight” Width, max. Inside Outside
Package Form Ib kg in. mm in. mm in. mm
Coils without support As agreed by the purchaser and supplier
Coils with support 25 12 2% 65 12+ 305 + 10, -0 17 445
50 25 4% 120 12+% 305 + 10, -0 17 430
60 30 4% 120 12+% 305 + 10, -0 17 430
Spools* 24 1¢ 4 100
109 54 8 200
25°¢ 12¢ 12 300
Straight lengths 5 2.5
10 5
25 12
50 25

NOTES:
a.

Dimensions of the standard spools are specified in Figure 1.
+20%.

o oo o

package dimensions and weights for each form are given
in Table 3. Dimensions for standard spools are given in
Fig. 1. Package forms, sizes, and weights other than these
shall be as agreed upon between purchaser and supplier.

13.2 The liners in coils with support shall be desigied
and constructed to prevent distortion of the coil dyring
normal handling and use, and shall be clean and ds§.enough
to maintain the cleanliness of the filler metal.

13.3 Spools shall be designed and constructed to pre-
vent distortion of the spool and the fillet metal during
normal handling and use, and shall beeléan and dry enough
to maintain the cleanliness of the filler metal. Spools shall
electrically insulate the filler metal from the spindle.

14.

14.1 The electrode on spools and in coils shall be
closely wound so, that kinks, waves, sharp bends, overlap-
ping, or wedgifg are not encountered, leaving the filler
metal fre¢"to-unwind without restriction. The outside end
of the filler metal (the end with which welding is to begin)
shall\be identified so that it can be located readily and shall
betfastened to avoid unwinding. The outermost layer of
electrode or rod on spools shall be at least 1/8 in. [3 mm]
from the rim (the O.D.) of the flanges of the spool.

Winding Requitements

14.2 The cast and helix of the filler metal in coils and
spools shall be such that the filler metal will feed in an

equipment.

238

Weights, dimensions, and package forms other than these shall be as agreed upon between purchaser and supplier.
Net weight may vary +10% from the nominal weight, except as provided in Notes d and e.

+20%, except that 20% of any lot may contain spools that vary in weight from 12-% Ih%0/20 Ib [5 kg to 10 kgl.

14.3./The cast and helix of filler metal on 4 in. [100 mm]
spools shall be such that a specimen long enough to produce
asiigle loop, when cut from the spool and laid unrestrained
on a flat surface, will:

(1) form a circle not less than 4 in. [100 mm], nor more
than 15 in. [380 mm] in diameter; and

(2) rise above the flat surface no more than % in.
[13 mm] at any location.

14.4 The cast and helix of filler metal on 8 in. [200 mm]
spools shall be such that a specimen long enough to produce
a single loop, when cut from the spool and laid unrestrained
on a flat surface, will:

(1) form a circle not less than 10 in. [250 mm] nor more
than 30 in. [760 mm] in diameter, and

(2) rise above the flat surface no more than % in.
[19 mm] at any location.

14.5 The cast and helix of filler metal on 12 in.
[300 mm] spools shall be such that a specimen long enough
to produce a single loop, when cut from the spool and laid
unrestrained on a flat surface, will:

(1) form a circle not less than 15 in. [380 mm] nor more
than 50 in. [1 250 mm] in diameter, and

(2) rise above the flat surface no more than 1 in. [25 mm]
at any location.

15. Filler Metal Identification
15.1 The product information and precautionary infor-

uninterrupted manner in automatic and semi-automatic mation required in 17.1 and 17.2 for marking each package

shall also appear on each coil and spool.
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FIG.1 DIMENSIONS OF 4 IN., 8 IN., AND 12 IN. [100 MM, 200 MM, AND 300 MM1 SPOOLS

A<_ MB"
- - I
SEE
NOTE 2
by /
SEE B o
NOTE1 C A
a a T
SECTION A-A

DIMENSIONS OF STANDARD 4 in. [100 mm] SPOOL

A g
4 <
SEE \ / A"
NOTE 1
A} L
I
SEE NOTE 3
— = A SECTION A-A

DIMENSIONS OF'STANDARD 8 in. AND 12 in. [200 mm AND 300 mm] SPOOLS

DIMENSIONS
4 in. [100 mm1 Spools 8 in. [200 mm1 Spools 12 in. [300 mm1 Spools
in. mm in. mm in. mm
A Diameter, max.((Note 4) 4.0 102 8.0 203 12 305
Width 1.75 46 2.16 56 4.0 103
Tolerance +0.03 +0, -2 +0.03 +0, -3 +0.06 +0, -3
C Djanjeter 0.63 16 +1, 2.03 50.5 2.03 50.5
Toletance +0.01, -0 -0 +0.06, -0 +2.5, -0 +0.06, -0 +2.5, -0
D Distance between axes — — 1.75 44.5 1.75 44.5
Tolerance — — +0.02 +0.5 +0.02 +0.5
E Diameter (Note 3) — — 0.44 10 0.44 10
Tolerance — — +0, —0.06 +1, -0 +0, —0.06 +1, -0

NOTES:

1. Outside diameter of barrel shall be such as to permit proper feeding of the filler metals.

2. Inside diameter of the barrel shall be such that swelling of the barrel or misalignment of the barrel and flanges will not result in the inside
of the diameter of the barrel being less than the inside diameter of the flanges.

3. Holes are provided on each flange, but they need not be aligned. No driving holes required for 4 in. [100 mm1 spools.

4. Metric dimensions and tolerances conform to I1SO 544 except that “A” specifies + tolerances on the nominal diameter, rather than a plus

tolerance only, which is shown here as a maximum.
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15.2 Coils without support shall have a tag containing

ASME BPVC.IL.C-2023

16. Packaging

this information securely attached to the inside end of
the coil.

15.3 Coils with support shall have the information
securely affixed in a prominent location on the support.

15.4 Spools shall have the information securely affixed
in a prominent location on the outside of at least one flange
of the spool.

15.5 Each bare straight length filler rod shall be durably
marked with identification traceable to the unique product
type of the manufacturer or supplier. Suitable methods of
identification could include stamping, coining, embossing,
imprinting, flag-tagging, or color coding. (If color coding
is used, the choice of color shall be as agreed upon between
supplier and purchaser and the color shall be identified on
the packaging.) When the AWS classification designation
is used, the “ER” may be omitted; for example, “CuAl-A2”
for classification ERCuAl-A2. Additional identification
shall be as agreed upon between supplier and purchaser.

Filler metal shall be suitably packaged to ensure against
damage during shipment and storage under normal condi-
tions.

17. Marking of Packages

17.1 The following product information (as a mini-
mum) shall be legibly marked so as to be visible from 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 precautiodry information® as
given in ANSI Z49.1, latest edition; (as a minimum) or its
equivalent, shall be prominegntly displayed in legible print
on all packages of electrodes, including individual unit
packages enclosed within a larger package.

8 Typical examplg-of “warning labels” are shown in figures in ANSI
749.1 for some commeon or specific consumables used with certain pro-
cesses.
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- @ @ @@ @ @ AmnexAdnfermative———— 000000

Guide to AWS Specification for Copper and Copper-Alloy
Bare Welding Rods and Electrodes

(This annex is not part of AWS AS.7/AS5.7M:2007, Specification for Copper and Copper-Alloy Bare Welding Rods and Electrodes, but is included,
for informational purposes only.)

Al. Introduction

The purpose of this guide is to correlate the filler metal
classifications with their intended applications so the speci-
fication can be used effectively. Appropriate base metal
specifications are referred to whenever that can be done
and when it would be helpful. Such references are intended
only as examples rather than complete listings of the mate-
rials for which each filler metal is suitable.

A2. Classification System

A2.1 The system for identifying the filler metal classi-
fication in this specification follows the standard pattern
used in other AWS filler metal specifications. The prefix
letters ER at the beginning of each classification designa-
tion stand for electrode and rod, indicating that the filler
metal may be used either way. The chemical symbol Cu
is used to identify the electrodes as copper-base all@ys.
The additional chemical symbol, such as Si for silicon in
ERCuSi, Sn for tin in ERCuSn, etc., indicates th® principal
alloying element of each classification or group of classifi-
cations. Where more than one classificatidiis included in
a basic group, the individual classifications in the group
are identified by using letters (A}\B, C, etc.), as in
ERCuSn-A and ERCuSn-C. Further subdividing is done
by using digits (1, 2, etc.) folfowing the letter, as in
ERCuAl-Al, ERCuAl-A2,cand ERCuAl-A3.

A2.2 An international system for designating welding
filler metals, developed by the International Institute of
Welding (ITW), is being adopted in many ISO specifica-
tions. Table<A\l shows the designations for bare copper-
alloy fillerimetals in ISO 24373 corresponding to those in
this specification.

A3. Acceptance

Acceptance of all welding materials classified under this
specification is in accordance with AWS AS5.01, Filler
Metal Procurement Guidelines, as the specification states.

Any testing a purchaser requires of the supplier, for mate-
rial shipped in accordance with this specification, needs to
be clearly stated in the purchase order; according to the
provisions of AWS A5.01. In_the absence of any such
statement in the purchase order;the supplier may ship the
material with whatever testing’ normally is conducted on
material of that classification, as specified in Schedule F,
Table 1, of AWS AS50F. Testing in accordance with any
other Schedule in~that-table must be specifically required
by the purchage order. In such cases, acceptance of the
material shipped will be in accordance with those require-
ments.

A4 , Certification

The act of placing the AWS Specification and classifica-
tion designations on the packaging enclosing the product
or the classification on the product itself constitutes the
supplier’s (manufacturer’s) certification that the product
meets all of the requirements of the specification.

The only testing requirement implicit in this “certifica-
tion” is that the manufacturer has actually conducted the
tests required by the specification on material that is repre-
sentative of that being shipped and that the material met
the requirements of the specification. Representative mate-
rial, in this case, is any production run of that classification
using the same formulation. “Certification” is not to be
construed to mean that tests of any kind were necessarily
conducted on samples of the specific material shipped.
Tests on such material may or may not have been con-
ducted. The basis for the “certification” required by the
specification is the classification test of “representative
material” cited above, and the “Manufacturer’s Quality
Assurance System” in AWS A5.01.

AS. Ventilation During Welding

AS5.1 Five major factors govern the quantity of fumes
to which welders and welding operators can be exposed
during welding. These are:
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TABLE Al

COMPARISON OF SPECIFICATIONS

Bare Rods and Electrodes A5.7/A5.7M

Covered Electrodes A5.6/A5.6M?

IS0 24373 Designations®

ERCu
ERCuSi-A
ERCuSn-A
ERCuSn-C
ERCuNi
ERCuUAI-A1
ERCuUAI-A2
ERCuUAI-A3
ERCuUNiAl
ERCuMnNiAl

ECu SCu 1898
ECuSi SCu 6560
ECuSn-A SCu 5180
ECuSn-C SCu 5210
ECuNi SCu 7158

... SCu 6100
ECuAI-A2 SCu 6180

e SCu 6240
ECuNiAl SCu 6328
ECuMnNiAl SCu 6338

NOTES:

a. AWS A5.6/A5.6M, Specification for Copper and Copper-Alloy Electrodes for Shielded Metal Arc Welding.
b. IS0 24373, Welding consumables — Solid wires and rods for fusion welding of copper antl{opper

alloys — Classification.

(1) dimensions of the space in which welding is done
(with special regard to the height of the ceiling).

(2) number of welders and welding operators working
in that space.

(3) rate of evolution of fumes, gases, or dust according
to the materials and processes used.

(4) the proximity of the welders or welding operators
to the fumes as they issue from the welding zone, and to
the gases and dusts in the space in which the welders or
welding operators are working.

(5) the ventilation provided to the space in which the
welding is done.

AS.2  ANSI Z49.1, Safety in Welding, Cutting) dnd
Allied Processes, discusses the ventilation that is\required
during welding and should be referred to for details. Atten-
tion is drawn particularly to the clause on Health Protection
and Ventilation in that document. Further details about
ventilation can be found in AWS F3:2; Ventilation Guide
for Welding Fume.

A6. Welding Considerations

A6.1 The filler metal$.in this specification can be used
with any of a variety of welding processes. Most notable
of them are the gas\tungsten arc welding (GTAW) and gas
metal arc welding' (GMAW) processes.

A6.2 Before welding or heating any copper-base alloy,
the base mietal must be clean. Oil, grease, paint, lubricants,
marking pencils, temperature indicating materials, thread-
ifigicompounds and other such materials frequently contain
Sulfur or lead that may cause cracking (embrittlement) of
the base metal or the weld metal if present during welding
or heating.

A6.3 For GTAW, direct current-electrode negative
(dcen) is used. High purity grades of either argon or helium

A6.4 For GMAW, ditect current-electrode positive
(dcep) is employed. Argen shielding gas is most often
used, but mixtures of argon and helium are also commonly
used when welding high conductivity copper.

A7. Description and Intended Use of Electrodes and
Reods

A7:l General Characteristics

A7.1.1 Gas tungsten arc welding normally employs
dcen current.

A7.1.2 Gas metal arc welding normally employs
dcep current.

A7.1.3 Shielding gas for use with either process
normally is argon, helium, or a mixture of the two, with
or without hydrogen. Oxygen-bearing gases normally are
not recommended.

A7.1.4 Base metal should be free from moisture and
all other contaminants, including surface oxides.

A7.2 ERCu (Copper) Filler Metal Classification

A7.2.1 ERCu filler metals are made of deoxidized
copper, but also may contain one or more of the following
elements: phosphorus, silicon, tin, manganese, and silver.
Phosphorus and silicon are added primarily as deoxidizers.
The other elements add either to the ease of welding or to
the properties of the final weldment. ERCu filler metals
generally are used for the welding of deoxidized and elec-
trolytic tough pitch (ETP) copper. Reactions with hydrogen
in oxygen-free copper, and the segregation of copper oxide
in tough pitch copper may detract from joint efficiency.
ERCu welding electrodes and rods may be used to weld
these base metals when the highest quality is not required.

A7.2.2 Preheating is desirable on most work; on
thick base metal it is essential. Preheat temperatures of

(or a combination of the two) are used as a shielding gas.

400°F to 1000°F [200°C to 500°C] are suitable.
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copper-nickel alloys to themselves or to each other. These

is preferred. Conventional joint designs consistent with
good welding practice are generally satisfactory. An exter-
nal source of preheating generally is not needed when
welding base metal % in. [6 mm] and less in thickness.
Preheating in the range of 400°F to 1000°F [200°C to
500°C] is desirable when welding base metal thicker than
% in. [6 mm] if high-quality welds are to be obtained.

A7.3 ERCuSi (Silicon Bronze) Filler Metal Classifi-
cation

A7.3.1 ERCuSi filler metals are copper-base alloys
containing approximately three percent silicon; they may
also contain small percentages of manganese, tin, or zinc.
They are used for gas tungsten and gas metal arc welding
of copper-silicon and copper-zinc base metals, to them-
selves and also to steel.

A7.3.2 When gas metal arc welding with ERCuSi
filler metals, it generally is best to keep the weld pool
small and the interpass temperature below 150°F [65°C]
to minimize hot cracking. The use of narrow weld passes
reduces contraction stresses and also permits faster cooling
through the hot-short temperature range.

A7.3.3 When gas tungsten arc welding with ERCuSi
filler metals, best results are obtained by keeping the weld
pool small. Preheating is not required. Welding can be
done in all positions, but the flat position is preferred.

A7.4 ERCuSn-x (Phosphor Bronze) Filler Metal
Classification

A7.4.1 ERCuSn-A filler metals contain‘about five
percent tin and up to 0.35% phosphorus added as a deoxi-
dizer. Tin increases wear resistance of the weld metal and
slows the rate of solidification by breddening the tempera-
ture differential between the liquidus and solidus. This
slower solidification increases;the tendency to hot short-
ness. To minimize this effect, the weld pool should be kept
small and welding time, as.short as possible. ERCuSn-A
filler metals can be used to weld bronze and brass. They
also can be used 0 weld copper if the presence of tin in
the weld metal is not objectionable.

A7.4.2~ERCuSn-C filler metal contains about 8% tin
and up (t0y0.35% phosphorus. The higher tin increases
strength and wear resistance and increases the solidification
temperature range during deposition of the weld metal.

A7.4.3 When gas tungsten arc welding with ERCuSn
filler metals, preheating is desirable. Welding is done in
the flat position only.

A7.5 ERCuNi (Copper-Nickel) Filler Metal Classi-
fication

A7.5.1 ERCuNi electrodes and rods are used for

filler metals also are used for welding the clad side of
copper-nickel clad steel. Preheating generally is not nec-
essary.

A7.5.2 When gas tungsten or gas metal arc welding
with ERCuNi filler metals, preheating is not required,
Welding is done in all positions. The arc should be kept
as short as possible to assure adequate shielding gas sover-
age and thus minimize porosity. This filler metal may also
be used for surfacing applications where high\tesistance
to corrosion, erosion, or cavitation is required:

A7.6 ERCuAl (Aluminum Bronzé€) Filler Metal Clas-
sification

A7.6.1 ERCuAl-Al fillerinetal is an iron-free alumi-
num bronze. It is recomménded for use as a surfacing
metal for wear-resistant surfaces having relatively light
loads, for resistance 0 -corrosive media such as salt or
brackish water, and fer resistance to many commonly used
acids in varying ‘concentrations and temperatures. This
alloy is not recemmended for joining.

A7.6.2 ERCuAl-A?2 filler metal is iron-bearing alu-
minum bronze and is generally used for joining aluminum
bronzes of similar composition, manganese bronze, silicon
brenze, and some copper-nickel alloys, ferrous metals and
dissimilar metals. The most common dissimilar metal com-
binations are aluminum bronze to steel and copper to steel.
This alloy is also used to provide wear-and corrosion-
resistant surfaces.

A7.6.3 ERCuAI-A3 is a higher strength aluminum
bronze filler metal used for joining and repair welding of
aluminum bronze castings of similar composition, and for
depositing bearing surfaces and wear- and corrosion-resis-
tant surfaces.

A7.6.4 ERCuNiAlis a nickel-aluminum bronze filler
metal used for joining and repairing of cast and wrought
nickel-aluminum bronze base metals.

A7.6.5 ERCuMnNiAl is a manganese-nickel-alumi-
num bronze filler metal used for joining or repairing of
cast or wrought base metals of similar composition. This
filler metal may also be used for surfacing applications
where high resistance to corrosion, erosion, or cavitation
is required.

A7.6.6 Because of the formation of aluminum oxide
in the molten weld pool, aluminum bronze filler metals
are not recommended for use with the oxyfuel gas welding
process.

A7.6.7 Copper-aluminum weld metals are character-
ized by relatively high tensile strength, yield strength, and
hardness. Depending upon the thickness or composition of

the welding of wrought or cast 70/30, 80/20, and 90/10
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TABLE A2
HARDNESS AND TENSILE STRENGTH OF COPPER AND COPPER-ALLOY WELD METAL
Hardness Minimum
Brinell Vickers Tensile Strength
AWS Classification HBW Load, kgf HV Load, Kgf psi MPA
ERCu 25° . 38 . 25 000 170
ERCuSi-A 80-100 500 94-110 1 50 000 345
ERCuSn-A 70-85 500 7698 1 35 000 240
ERCuSn-C 85-100 500 98-110 1 55 000 380
ERCuNi 60-80 500 64-94 1 50 000 345
ERCuAI-A1 80-110 500 94-115 10 55 000 380
ERCuAI-A2? 130-150 3000 130-150 10 60 000 415
ERCuAI-A3? 140-180 3000 140-184 10 65 000 450
ERCuNiAl® 160-200 3000 163-205 10 72 000 480
ERCuMnNiAI? 160-200 3000 163-205 10 75)000 515

GENERAL NOTE:
is included for information only.

NOTES:
a. Gas tungsten arc process only.
b. Rockwell F.

A7.6.8 Welding in the flat position is preferred.
Welding in other positions can be done successfully with
pulsed arc welding equipment and welder technique.

A8. Special Tests

Itis recognized that supplementary tests may:b&required
for certain applications. In such cases, tests-to ‘determine
specific properties (such as corrosion resistance, scaling
resistance, or strength at elevated or.etyogenic tempera-
tures) may be required. AWS AS.01yFEiller Metal Procure-
ment Guidelines, contains proyisions for ordering such
tests. This clause is included forthe guidance of those who
desire to specify such spécial tests. Those tests may be
conducted as agreed upon between purchaser and supplier.

Tests for tensileystrength and hardness are not included
in this specification. A chart of strength and hardness is
included in Tabte’A2. When tests for mechanical properties
are specified, the procedures should be in accordance with
AWS B4.0 or AWS B 4.0M, Standard Methods for
Mechanical Testing of Welds.

It* should be noted that the variables in the procedure
(current, voltage, and welding speed), variables in shielding
medium (the specific gas mixture or the flux), variables in
the composition of the base metal and the filler metal
influence the results which may be obtained. When these
variables are properly controlled, however, the filler metal

Hardness values as listed above are average values for an as-welded deposit made with the filfer metal specified. This table

all-weld-metal tension tests) should meet or exceed the
midimums shown in Table A2.

A9. Discontinued

A9.1 Classifications. Some classifications have been
discontinued from one revision of this specification to
another. This results either from changes in commercial
practice or changes in the classification system used in the
specification. The classifications that have been discon-
tinued are listed in Table A3, along with the year in which
they were last included in the specification.

A10. General Safety Considerations

A10.1 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 annex Clause A5 and below. Safety and health
information is available from other sources, including but
not limited to Safety and Health Fact Sheets listed in A10.3,
ANSI Z49.1, Safety in Welding, Cutting, and Allied Pro-
cesses, and applicable federal and state regulations.

A10.2 Safety and Health Fact Sheets. The Safety and
Health Fact Sheets listed below are published by the Ameri-
can Welding Society (AWS). They may be downloaded
and printed directly from the AWS website at http://
www.aws.org. The Safety and Health Fact Sheets are

should give sound welds whose strengths (determined by
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A10.3 AWS Safety and Health Fact Sheets Index

DISCONTINUED CLASSIFICATIONS

Discontinued Classifications

Last Year Published

RCuAl-A1 1952
RCuSn? 1952
RCuSi-B 1957
RCUP 1969
RCuSi-A° 1969
RCuSn-A° 1969
RCuN{® 1969
RCUAI-A2° 1969
RBCuZn-A° 1969
RCuZn-B® 1969
RCuzZn-C* 1969
RBCuZn-D°¢ 1969
RCuAl-B 1969

NOTES:

a. This rod classification was reclassified as RCuSn-A with a wider
range listed for phosphorus.

b. These classifications were redesignated as ERxx-x in A5.7-77 to
indicate both electrode and rod materials and continue in the current
specification.

c. These classifications were transferred to A5.27 where they became

RBxx-x rod for braze welding. The A5.27 specification was later
withdrawn, and these classifications moved to the current A5.8
specification.

(SHF)’
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