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Statement on the Use of American Welding Society Standards

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

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

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

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

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

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

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

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

This standard is subject to revision at any time by the AWS D15 Committee on Railroad Welding. It must be reviewed
every five years, and if not revised, it must be either reaffirmed or withdrawn. Comments (recommendations, additions, or
deletions) and any pertinent data that may be of use in improving this standard are required and should be addressed to
AWS Headquarters. Such comments will receive careful consideration by the AWS D15 Committee on Railroad
Welding and the author of the comments will be informed of the Committee’s response to the comments. Guests are
invited to attend all meetings of the AWS D15 Committee on Railroad Welding to express their comments verbally.
Procedures for appeal of an adverse decision concerning all such comments are provided in the Rules of Operation of the
Technical Activities Committee. A copy of these Rules can be obtained from the American Welding Society, 8669 NW
36 St, # 130, Miami, FL 33166.
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Foreword
This foreword is not part of this standard but is included for information purposes only.

This specification establishes minimum welding standards for the manufacture and maintenance of railcars, locomotives,
and their components, intended for North American railroad service. It was developed and is maintained by the D15
Committee on Railroad Welding of the American Welding Society.

Welding of railroad components is vital to the industry. An investigating committee was formed in 1982 which recom-
mended a Railroad Welding Committee be formed to establish minimum welding standards for the industry. This recom-
mendation was made because of confusion and incompleteness of the existing welding specifications and guides as
applied to the railroad industry needs. The committee is made up of individuals from all segments of the railroad industry:
both users and suppliers, the general public, and representatives of the Association of American Railroads.

The purpose of this specification is to provide a single comprehensive document of welding data that will be used
throughout the railroad industry. Also, it should contribute to improvements in welding quality and performance.

AWS D15.1-86 was titled simply Railroad Welding Specification. For the 1993 revision, the suffix Cars and Locomo-
tives was added because the locomotive section had been introduced. A later revision was published in 2001, AWS
D15.1:2001. The welding of rail is addressed in AWS D15.2/D15.2M, Recommended Practice for the Welding of Rails
and Related Rail Components for Use by Rail Vehicles.

Several significant modifications have been made in AWS D15.1/D15.1M:2019. A vertical line in the margin or under-
lined text in clauses, tables, or figures indicates an editorial or technical change from the 2012 edition. Limitations of
essential variables for welding procedure qualification and welder performance qualification have been set up in table
format (Tables 10.1 and 11.1, respectively). Friction stir welding has been included in the list of approved welding pro-
cesses. Additional prequalified joint details for FCAW and GMAW have been added (see Figures 7.1G and 7.2A). Table
17.1 (Weld Crater Limitations) has been added. Clause 18 (Welding of Sheet Metal) has been revised.

This amendment to AWS D15.1/D15.1M:2019 includes additional changes to Table 10.1.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary of
the AWS D15 Committee on Railroad Welding, American Welding Society, 8669 NW 36 St, # 130, Miami, FL 33166.
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Amendments

The following amendments have been identified and are incorporated in this reprint.

AWS Standard: D15.1/D15.1M:2019

Amendment Number: 1

Subject: Table 10.1, PQR Essential Variable Changes Requiring WPS Requalification for SMAW,
SAW, GMAW, FCAW, FW, and GTAW (See 10.1)

Page 92—Addition of (b) to Table 10.1 (5) as follows:

Page 92—Delete “X” from FW column in Table 10.1 (5)

Pages 92–97—Change title of Table 10.1 from “PQR Essential Variable Changes Requiring WPS Requalification for
SMAW, SAW, GMAW, FCAW, FW, and GTAW (See 10.1)” to “PQR Essential Variable Changes Requiring WPS Requali-
fication for SMAW, SAW, GMAW, FCAW, GTAW, and FW (See 10.1)”
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1

Railroad Welding Specification
for Cars and Locomotives

1. General Requirements

1.1 Scope. This specification covers the minimum welding requirements applicable to railcars, locomotives, and their
components, intended for North American railroad service. For welding tank car tanks, refer to Association of American
Railroads (AAR) Manual of Standards and Recommended Practices, Section C-III, Specifications for Tank Cars, Speci-
fication M-1002.

1.2 Units of Measurement. This standard makes use of both U.S. Customary Units and the International System of
Units (SI). The latter are shown within brackets ([ ]), or in appropriate columns in tables and figures. The measurements
may not be exact equivalents; therefore, each system must be used independently.

1.3 Safety. Safety and health issues and concerns are beyond the scope of this standard; some safety and health informa-
tion is provided, but such issues are not fully addressed herein.

Safety and health information is available from the following sources:

American Welding Society:

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

(2) AWS Safety and Health Fact Sheets

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

Material or Equipment Manufacturers:

(1) Safety Data Sheets supplied by materials manufacturers

(2) Operating Manuals supplied by equipment manufacturers

Applicable Regulatory Agencies:

(1) Federal Railroad Administration

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

2. Normative References

The documents listed below are referenced within this publication and are mandatory to the extent specified herein. For
undated references, the latest edition of the referenced standard shall apply. For dated references, subsequent amend-
ments to, or revisions of, any of these publications do not apply.
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CLAUSE 2. NORMATIVE REFERENCES AWS D15.1/D15.1M:2019-AMD1

2

American Welding Society (AWS) standards:1

AWS A2.4, Standard Symbols for Welding, Brazing, and Nondestructive Examination;

AWS A3.0M/A3.0, Standard Welding Terms and Definitions, Including Terms for Adhesive Bonding, Brazing, Sol-
dering, Thermal Cutting, and Thermal Spraying;

AWS A5.01M/A5.01 (ISO 14344:2010 MOD), Welding Consumables—Procurement of Filler Metals and Fluxes;

AWS A5.1/A5.1M, Specification for Carbon Steel Electrodes for Shielded Metal Arc Welding;

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

AWS A5.5/A5.5M, Specification for Low-Alloy Steel Electrodes for Shielded Metal Arc Welding;

AWS A5.9/A5.9M, Specification for Bare Stainless Steel Welding Electrodes and Rods;

AWS A5.10/A5.10M, Specification for Bare Aluminum and Aluminum Alloy Welding Electrodes and Rods;

AWS A5.17/A5.17M, Specification for Carbon Steel Electrodes and Fluxes for Submerged Arc Welding;

AWS A5.18/A5.18M, Specification for Carbon Steel Filler Metals for Gas Shielded Arc Welding;

AWS A5.20/A5.20M, Specification for Carbon Steel Electrodes for Flux Cored Arc Welding;

AWS A5.22/A5.22M, Specification for Stainless Steel Flux Cored and Metal Cored Welding Electrodes and Rods;

AWS A5.23/A5.23M, Specification for Low Alloy Steel Electrodes and Fluxes for Submerged Arc Welding;

AWS A5.28/A5.28M, Specification for Low-Alloy Steel Electrodes and Rods for Gas Shielded Arc Welding;

AWS A5.29/A5.29M, Low Alloy Steel Electrodes for Flux Cored Arc Welding;

AWS A5.32M/A5.32 (ISO 14175: 2008 MOD), Welding Consumables—Gases and Gas Mixtures for Fusion Welding
and Allied Processes;

AWS A5.36/A5.36M, Specification for Carbon and Low-Alloy Steel Flux Cored Electrodes for Flux Cored Arc Weld-
ing and Metal Cored Electrodes for Gas Metal Arc Welding;

AWS B1.10M/B1.10, Guide for Nondestructive Examination of Welds;

AWS B2.1/B2.1M, Specification for Welding Procedure and Performance Qualification;

AWS B4.0, Standard Methods for Mechanical Testing of Welds; and

AWS D16.4M/D16.4, Specification for the Qualification of Robotic Arc Welding Personnel.

American National Standards Institute (ANSI) standard:2

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

Association of American Railroads (AAR) standards:3

AAR M-1002, Specification for Tank Cars, Appendix W;

AAR S-137, Standard for Coupler Shank Wear Plates and Application;

AAR S-269, Standard for Coupler Carrier Wear Plate;

AAR S-306, Standard for Center Bowl Vertical Wear Liner.;

AAR S-307, Standard for Center Bowl Horizontal Wear Liner;

AAR S-308, Standard for Center Bowl Wear Liner Application;

1 AWS standards are published by the American Welding Society, 8669 NW 36 St, # 130, Miami, FL 33166.
2 This ANSI standard is published by the American Welding Society, 8669 NW 36 St, # 130, Miami, FL 33166.
3 AAR standards are published by the Association of American Railroads, TTCI, Technical Standards Publications, PO Box 11130,
Pueblo, CO 81001.
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AAR S-320, Standard for the Application of Side Frame Column Friction Wear Plates;

AAR S-327, Standard for Side Frame Roof Repair;

AAR Field Manual of Interchange Rules; and

AAR Manual of Standards and Recommended Practices, Section C-II, Design, Fabrication and Construction of
Freight Cars, M-1001.

ASME International standards:4

ASME Boiler and Pressure Vessel Code, Section V;

ASME Boiler and Pressure Vessel Code, Section IX; and

ASME B46.1, Surface Texture (Surface, Roughness, Waviness, and Lay).

American Society for Nondestructive Testing (ASNT) standards and practices:5

ASNT SNT-TC-1A, Personnel Qualification and Certification in Nondestructive Testing.

ASTM International Standards:6

ASTM A435, Specification for Straight Beam Ultrasonic Examination of Steel Plates for Pressure Vessels;

ASTM A488, Practice for Steel Castings, Welding, Qualifications of Procedures and Personnel;

ASTM B548, Method and Specifications for Ultrasonic Inspection of Aluminum—Alloy Plate for Pressure Vessels;

ASTM E94, Guide for Radiographic Testing;

ASTM E165, Practice for Liquid Penetrant Inspection Method;

ASTM E709, Practice for Magnetic Particle Examination;

ASTM E747, Standard Practice for Design, Manufacture and Material Grouping Classification of Wire Image Qual-
ity Indicators (IQI) Used for Radiology; and

ASTM E1032, Standard Test Method for Radiographic Examination of Weldments.

Canadian Standards Association:7

CSA W47.1, Certification of Companies for Fusion Welding of Steel Structures; and

CSA W47.2, Certification of Companies for Fusion Welding of Aluminum.

Federal Railroad Administration8

49 CFR Part 229 Locomotive Safety Standards and Locomotive Inspection.

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

Class 1 Weld. A structural weld requiring the most stringent level of inspection. The determination of a Class 1 weld is
the responsibility of the designer and shall be noted on the manufacturing drawings. D15.1/D15.1M provides the
acceptance criteria only (see Table 17.2).

4 ASME standards are published by ASME International, 3 Park Avenue, New York, NY 10016-5990.
5 ASNT standards are published by the American Society for Nondestructive Testing, PO Box 28518, 1711 Arlingate Lane, Columbus,
OH 43228-0518.
6 ASTM standards are published by ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.
7 CSA standards are published by the Canadian Standards Association, 178 Rexdale Boulevard, Toronto, Ontario, Canada, M9W 1R3.
8 CFR standards are published by the Office of the Federal Register, 8601 Adelphi Road College Park, MD 20740-6001.
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Class 2 Weld. The default level of inspection requirements of all welds not identified as Class 1.

company. The organization performing welding, including all facilities under common ownership that utilizes the same
program of welding standards and documentation (see 5.3.3, 9.4.1, and 9.4.2).

designated inspector. The individual who is given responsibility by the manufacturer or company to inspect fabrication/
production welding operations and completed welds. Inspection may or may not be the individual’s sole responsibility.

essential variables. Those welding parameters considered critical to the welding operation. A change outside of the
specified range requires requalification of the welding procedure specification.

Fabricator’s Engineer. A designated individual with design authority employed by the fabricator, manufacturer, or out-
side repair facility who is responsible for the ongoing activities within the scope of the specification.

fillers. A nonconsumed metallic strip or bar used in a lap or T-joint to reduce a gap (see Figures 5.1 and 5.3).

fusion-type discontinuity. Slag inclusions, incomplete fusion, or similar discontinuities resulting in incomplete fusion
between weld metal and base metal or between weld beads.

image quality indicator (IQI). A device whose image in a radiograph is used to determine radiographic quality level. It
is not intended for use in judging the size nor for establishing acceptance limits of discontinuities.

manufacturer. The original builder, fabricator, or installer of equipment, as well as any company or organization per-
forming repairs or alterations to such equipment.

multiple electrodes. The combination of two or more single or parallel electrode systems used to produce a weld bead.
Each of the component systems may have its own independent power source and its own electrode feeder.

Owner. The individual or company that exercises legal ownership of the product or structural assembly produced under
this specification.

Owner’s Engineer. A designated individual or company with engineering authority that represents or is employed by
the Owner, operating railroad, or purchaser, as applicable.

parallel electrode. Two electrodes connected electrically in parallel and exclusively to the same power source. Both
electrodes are usually fed by means of a single electrode feeder. Welding current, when specified, is the total for the
two electrodes.

pipe. Tubular-shaped product of circular cross section.

verification inspector. The duly designated person who acts on behalf of the Owner or purchaser on all inspection and
quality matters within the scope of the contract documents.

4. General Information
4.1 Base Metals. AWS B2.1/B2.1M, Specification for Welding Procedure and Performance Qualification, provides an
extensive list of materials grouped into categories to minimize the number of qualification tests required. This in no way
implies that materials in one group are interchangeable or equivalent for any given application. See Annex A for addi-
tional materials specific to this specification.

4.2 Since railroad equipment may be coated with lead base paint, all suspect coatings shall be removed in a safe manner
prior to welding.

4.3 Clauses 1 through 17 give the general requirements for welded construction for metal components 1/8 in [3 mm] or
greater in thickness. Unless otherwise stated, these requirements apply to all freight cars, locomotives, and passenger
train vehicles. Clauses 18 through 23 cover specific requirements for the welding of base metals less than 1/8 in [3 mm]
in thickness. Material 0.1196 in [3 mm] nominal may be considered 1/8 in [3 mm].
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4.4 Companies shall be responsible for the quality of the welding done by their organization and their subcontractors and
shall perform whatever tests are necessary beyond the requirements of this specification to assure that the welds achieve
requirements of the design.

4.5 Requirements contained herein constitute acceptable industrial practices. They are not intended as a substitute for
engineering judgment with respect to the suitability of application of listed joints to a welded structure.

4.6 Additionally, they are not intended to nullify or void any rules or requirements contained in the U.S. Department of
Transportation Locomotive Inspection Act (45 USC-22), or the Federal Railroad Administration’s Railroad Locomotive
Safety Standards and Locomotive Inspection (49 CFR Part 229). Requirements contained herein are not intended to nul-
lify or void the requirements of any law or governmental agency regulation nor any specification of the Association of
American Railroads.

4.7 All references to the need for approval shall be interpreted to mean approval by either the Fabricator’s Engineer or
the Owner’s Engineer, as defined in Clause 3, Terms and Definitions. It is understood that in some cases and under some
specific contracts, approval will need to be obtained by both the Fabricator’s Engineer and the Owner’s Engineer. In such
cases, the references assigned to only one entity shall apply to both entities.

4.8 Specific areas of application to locomotives and passenger train vehicles include, but are not limited to the following:

(1) Structural components including primary and secondary load-bearing members of the locomotive under-frame,
center plate bearings, truck bolsters, draft gear pockets, equipment bases and supports, collision posts, main generators
(alternator), traction motor frames, and car body structures.

(2) Air reservoirs not covered by the provisions of the ASME Boiler and Pressure Vessel Code.

(3) Fuel tank manufacture and repair.

(4) Air compressor and air system piping.

(5) Electrical components including eddy current clutches, reverser contacts, and motor commutator terminations.

4.9 Engines and engine components may require specialized processes and procedures unique to the original equipment
manufacturer. Repair or rework of the engine and its components shall be in accordance with the original equipment
manufacturer’s specification, or equivalent.

4.10 The repair and reconditioning of specific car components are described in the AAR Field Manual of Interchange
Rules and its referenced documents, which may include exceptions or additions, or both, to the provisions of this docu-
ment (see 8.7).

4.11 Design of joints subject to fatigue loading is outside the scope of this specification. For freight cars and their com-
ponents requiring fatigue analysis, refer to Chapter VII, “Fatigue Design of Freight Cars,” of AAR Manual of Standards
and Recommended Practices, Section C-II, Design, Fabrication and Construction of Freight Cars, M-1001.

5. Requirements for All Welding
5.1 General—Welding Procedure Specification Data. The following matrix indicates the welding data to be included
in a WPS for each welding process. A WPS may be presented in any format, written or tabular provided the data
required in this matrix are included. The WPS may list variables recorded on the PQR within the full range permitted for
a qualification variable and practical limits determined by the Company for other than qualification variables.

5.2 Processes. The welding processes covered by Clauses 1 through 17 are shielded metal arc welding (SMAW), sub-
merged arc welding (SAW), gas metal arc welding (GMAW), flux cored arc welding (FCAW), gas tungsten arc welding
(GTAW), and flash welding (FW). This does not preclude the use of other welding processes in the construction, alter-
ation, or repair of railcars, locomotives and their components. However, the requirements for the design, qualification,
inspection, and testing related to the use of such processes are the responsibility of the Fabricator’s Engineer. The com-
pany wishing to use such processes shall generate documented evidence to justify their use and to define the essential
variables.
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5.1.1 Joint Design

(1) Joint type and dimensions. X X X X X X X

(2) Treatment of backside, method of gouging/preparation. X X X X X X

(3) Backing material, if used. X X X X X X

(4) Total cross section area. X

(5) Method or equipment used to minimize flash. X

(6) End preparation method. X

5.1.2 Base Metal

(1) M-Number and Group Number. X X X X X X X

(2) Thickness range qualified. X X X X X X

(3) Diameter (tubular only). X X X X X X

(4) Diameter (solid and tubular). X

(5) The coating description or type, if present. X X X X X X X

5.1.3 Filler Metal

(1) Specification, classification, F- and A-Number, or if not classified the nominal
composition.

X X X X X X

(2) Weld metal thickness by process and filler metal classification. X X X X X X

(3) Filler metal size or diameter. X X X X X X

(4) Flux-electrode classification. X

(5) Penetration enhancing flux. X

(6) Supplemental filler metal. X X X X X

(7) Consumable insert and type. X

(8) Energized filler metal “hot.” X

5.1.4 Position

(1) Welding position(s). X X X X X X

(2) Progression for vertical welding. X X X X X X

5.1.5 Preheat and Interpass

(1) Preheat minimum. X X X X X X X

(2) Interpass temperature maximum (if applicable). X X X X X X

(3) Preheat maintenance. X X X X X X

5.1.6 Heat Treatment

(1) PWHT temperature and time. X X X X X X X
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(2) Amplitude and number of PWHT cycles following welding cycle. X

5.1.7 Shielding Gas

(1) Torch shielding gas and flow rate range. X X X

(2) Root shielding gas and flow rate range. X

(3) Shielding gas composition pressure, and purging time. X

5.1.8 Electrical

(1) Current (or wire feed speed), current type, and polarity. X X X X X X

(2) Voltage range (except for manual welding). X X X X X

(3) Specification, classification, and diameter of tungsten electrode. X

(4) Transfer mode. X X X

(5) Pulsed current mode shall be indicated. X X X X X

(6) Flash time. X

(7) Upset current time. X

5.1.9 Variables

(1) Welding process and whether manual, semiautomatic, mechanized, or automatic. X X X X X X

(2) For mechanized or automatic, single or multiple electrode and spacing. X X X X X

(3) Single or multipass. X X X X X X

(4) Contact tube to work distance. X X X X

(5) Cleaning. X X X X X X

(6) Peening. X X X X X X

(7) Stringer or weave bead. X X X X X X

(8) Travel-speed range for mechanized or automatic welding and manual applications
requiring heat input calculations.

X X X X X

(9) Type and model of equipment. X

(10) Upset length and force. X

(11) Distance between clamping dies. X

(12) Preparation of clamping area. X

(13) Clamping force. X

(14) Forward and/or reverse speeds. X

(15) Use of thermal processes. X

(16) Supporting PQR number(s), SWPS number, or Prequalified, as applicable. X X X X X X X
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5.2.1 Friction Stir Welding (FSW). When using FSW for fabrication purposes in the railcar industry, AWS
D17.3/D17.3M, Specification for Friction Stir Welding of Aluminum for Aerospace Applications may be used as a guide
for the development of procedure, welding operator, fabrication, and inspection requirements. The resolution of discrep-
ancies between the requirements of this document and AWS D17.3/D17.3M shall be agreed upon by the customer and
Fabricator’s Engineer. These differences may include, but are not limited to, weld classes, essential variables in proce-
dure qualification, eye examinations and period of effectiveness in welding operator qualification, calibration of welding
equipment, qualifications of NDT personnel, NDT inspection requirements for each class of weld, and the acceptance
criteria for each class of weld.

5.2.2 Capacitor Discharge Welding. When using capacitor discharge welding to apply thermocouples and/or insula-
tion pins associated with post weld heat treatment, a written welding procedure is required and the welding operator
shall be trained on proper use of the specified welding equipment. Welding operator training shall be documented. Nei-
ther qualification of the welding procedure, nor the performance qualification of the operator is required. Capacitor dis-
charge welds used in this application shall be subject to the acceptance criteria for a temporary weld as specified in 17.1.

5.3 Welding Procedure Qualification

5.3.1 Welding of steels listed in Clauses 7 and 8, Tables 8.1 and 8.2, using SMAW, SAW, GMAW (except short cir-
cuiting transfer), and FCAW procedures conforming to the provisions of Clauses 5 through 8 shall be deemed as
prequalified and are therefore approved for use without performing procedure qualification tests. Standard Welding Pro-
cedure Specifications (SWPSs) published by the AWS Committee on Welding Qualification in accordance with AWS
B2.1/B2.1M, Specification for Welding Procedure and Performance Qualification, shall also be accepted. The use of
Prequalified Welding Procedure Specifications (PWPSs) and Standard Welding Procedure Specifications (SWPSs) is not
intended as a substitute for engineering judgment with respect to the suitability of application of these procedures to a
welded assembly or weld repair.

5.3.2 Other materials or welding procedure specifications using one of the processes covered by this specification
may be used, provided they are qualified by applicable tests as prescribed in Clause 10. The acceptability of qualification
to other standards is the Fabricator’s Engineer’s responsibility, to be exercised based upon the specific structure, or ser-
vice conditions, or both.

5.3.3 Qualification of a procedure by one company shall not qualify that procedure for any other company (see 9.4.1),
unless the company that developed the qualified procedure contracts with a second company to perform the production
welding to that procedure.

5.3.4 The welding of the test coupon to produce a Procedure Qualification Record (PQR) shall not be subcontracted.

5.3.5 Proprietary procedures for the manufacture of new engine blocks qualified in accordance with the manufac-
turer’s requirements are the responsibility of the manufacturer.

5.3.6 This specification does not define prequalified joints and welding procedure specifications for base metals less
than 1/8 in [3 mm] thick. Welding procedure specifications for these materials are qualified in accordance with Clause
18.

5.3.7 Welding Procedure Specifications qualified in accordance with any of the following specifications, within the
limitations of the essential variables and methods of testing specimens of this specification, shall be considered acceptable:

(1) ASME Boiler and Pressure Vessel Code, Section IX

(2) AAR M-1002, Specification for Tank Cars, Appendix W

(3) AWS D1.1/D1.1M, Structural Welding Code—Steel

(4) AWS D1.2/D1.2M, Structural Welding Code—Aluminum

(5) AWS D1.3/D1.3M, Structural Welding Code—Sheet Steel

(6) AWS D1.5M/D1.5, Bridge Welding Code

(7) AWS D1.6/D1.6M, Structural Welding Code—Stainless Steel

(8) ASTM A488, Practice for Steel Castings, Welding, Qualifications of Procedures and Personnel
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(9) AWS B2.1/B2.1M, Specification for Welding Procedure and Performance Qualification (qualification by visual
inspection alone is prohibited)

(10) CSA W47.1, Certification of Companies for Fusion Welding of Steel Structures

(11) CSA W47.2, Certification of Companies for Fusion Welding of Aluminum

5.4 Qualification of Welders and Welding Operators

5.4.1 All welders (including tack welders) and welding operators performing work in accordance with this specifica-
tion shall be qualified in accordance with 9.3, except for those cases defined in 5.4.2, 5.4.3, or 5.4.4.

5.4.2 Welders or welding operators who are qualified for the materials, processes, and procedures being used in
accordance with one of the following specifications shall be considered qualified to weld within limitations of the essen-
tial variables and method of testing specimens of this specification:

(1) ASME, Boiler and Pressure Vessel Code, Section IX

(2) AAR M-1002, Specification for Tank Cars, Appendix W

(3) AWS D1.1/D1.1M, Structural Welding Code—Steel

(4) AWS D1.2/D1.2M, Structural Welding Code—Aluminum

(5) AWS D1.3/D1.3M, Structural Welding Code—Sheet Steel

(6) AWS D1.5M/D1.5, Bridge Welding Code

(7) AWS D1.6/D1.6M, Structural Welding Code—Stainless Steel

(8) ASTM A488, Practice for Steel Castings, Welding, Qualifications of Procedures and Personnel

(9) AWS B2.1/B2.1M, Specification for Welding Procedure and Performance Qualification (qualification by visual
inspection alone is prohibited)

(10) CSA W47.1, Certification of Companies for Fusion Welding of Steel Structures

(11) CSA W47.2, Certification of Companies for Fusion Welding of Aluminum

5.4.3 If the operator of a totally automated welding machine has no control over welding variables and no control
over the location of the filler metal or heat source, then the operator does not require qualification in accordance with
Clause 11.

5.4.4 Personnel operating robotic arc welding equipment shall be qualified. AWS D16.4M/D16.4, Specification of
Robotic Arc Welding Personnel, is the preferred method of demonstrating such qualification.

5.4.5 A thread-deforming weld to retain a nut on a bolt shall be made by a qualified welder or tack welder as defined
in 5.4.1.

5.5 Design of Welded Joints

5.5.1 Drawings and Welding Procedure Specifications

5.5.1.1 When drawings are specified, complete information regarding location, type, and extent of welds shall be
clearly documented. Detailed drawings or welding procedure specifications shall indicate clearly, by welding symbols or
sketches, details of welded joints and preparation of base material. Width and thickness of fused metallic backing shall
be detailed. Where welding symbols do not adequately define requirements, sketches or notes shall be provided.

5.5.1.2 Drawings should note those joints or groups of joints where it is especially important that welding
sequence and technique be controlled carefully to minimize shrinkage stresses and distortion.

5.5.1.3 All welding shall be performed in accordance with a written welding procedure specification that meets the
requirements of Clauses 7 and 8, for prequalified steel joints or has been qualified in accordance with Clause 10 (see also
5.3.1). A welding procedure specification may cover a range of qualified joint dimensions and welding conditions.

5.5.1.4 When there are special inspection requirements, these shall be noted on the drawings, in the welding proce-
dure specification, or in the contract specification.
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(1) All welds that are Class 1 shall be identified as such on the drawing.

5.5.2 Effective Weld Areas, Lengths, and Sizes

5.5.2.1 Groove Welds. The effective area shall be the effective weld length multiplied by the groove weld size.

(1) The effective weld length for any groove weld shall be the length of the specified weld.

(2) The effective size of a complete joint penetration groove weld shall be the thickness of the thinner part joined. No
increase is permitted for weld reinforcement.

(3) The effective size of a partial joint penetration groove weld shall be defined by 7.1 for prequalified procedures or
in accordance with 10.6.2.

(4) The minimum weld size for all partial joint penetration groove welds shall conform to Table 5.1.

(5) Partial penetration groove welds made from one side shall be designed to prevent tension across the weld root.

5.5.2.2 Fillet Welds. The effective area is the effective weld length measured through the centerline of the theoret-
ical throat multiplied by the theoretical throat. Stress in a fillet weld shall be considered as applied to this effective area,
for any direction of applied load. The theoretical throat is the minimum distance minus any convexity between the joint
root and the face of fillet weld.

(1) The minimum length of any fillet weld segment shall be four times the nominal weld size but not less than 1-1/2 in
[38 mm] unless limited by part size. In joints connected only by fillet welds, the minimum size of fillet weld to be used
shall be as shown in Table 7.3.

(2) The effective length of a fillet weld is the length of the full size fillet (specified size). No reduction in effective
length shall be made for either the start or termination of the weld if the weld is full size throughout its length.

(3) The effective length of a curved fillet weld shall be measured along the centerline of the effective throat. If the
weld area of a fillet weld in a hole or slot computed from this length is greater than the area found in 5.5.2.3, the hole or
slot area shall be used as the effective area of the fillet weld.

(4) Fillet welds in holes or slots in lap joints shall be in accordance with 5.5.4.2 and shall not be considered as plug or
slot welds.

(5) Fillet welds used in skewed T-joints shall be in accordance with 5.5.4.3.

NOTE: Annex C2 contains a formula governing the calculation of required leg sizes for fillet welds in skewed T-
joints. A convenient tabulation of measured leg size (W) and acceptable root openings (R) related to the effective
weld throat (E) has been provided for dihedral angles between 60° and 135°.

5.5.2.3 Combination Groove and Fillet Welds. The effective throat of a combination partial joint penetration
groove weld and fillet weld is the shortest distance from the weld root to the face of the weld, less any convexity (minus
1/8 in [3 mm] for any prequalified groove details requiring such deduction) (see Annex C1).

(1) Limits for fillet weld convexity and concavity are found in 6.4.1.

5.5.2.4 Plug and Slot Welds

(1) The effective area is the nominal area of the hole or slot in the plane of the faying surface.

(2) Plug or slot welds may be used as follows:

(a) To transmit shear in a lap joint

(b) To prevent buckling of lapped joint members

(c) To join component members

(d) To repair worn members

(3) The minimum center-to-center spacing of plug welds shall be four times the diameter of the hole.

(4) The ends of the slot shall be semicircular or shall have the corners rounded to a radius not less than the thickness
of the part containing it, except those ends which extend to the edge of the joint member.
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(5) The minimum center-to-center spacing of lines of slot welds in a direction transverse to their length shall be four
times the width of the slot. The minimum center-to-center line spacing in a longitudinal direction on any line shall be
two times the length of the slot.

(6) For material less than 1/4 in [6 mm] thick, the depth of filling shall be equal to the thickness. The depth of filling
of plug or slot welds in materials 1/4 in to 5/8 in [6 mm to 16 mm] thick shall be equal to the thickness of the base mate-
rial to 1/16 in [1.5 mm] under. In material over 5/8 in [16 mm] in thickness it shall be at least one-half the thickness of
the base metal, but not less than 5/8 in [16 mm]. In any case, minimum depth of filling need not exceed the thickness of
the underlying material.

(7) The allowable loads on plug welds of base metal less than 1/4 in [6 mm] thick shall be limited as follows:

P ≤ 0.88TDFb and P ≤ 0.24D2Fw

where

P = Allowable load, pound force [Newtons]
D = Hole diameter, in [mm]
T = Base metal thickness, in [mm]
Fb = Minimum tensile strength of base metal, psi [MPa] from the applicable material specification
Fw = Minimum tensile strength of weld metal as specified in the applicable AWS Classification, psi [MPa]

5.5.3 Filler Plates

5.5.3.1 Filler plates may be used only in accordance with Figures 5.1 and 5.3 and as described in 5.5.3.2 and
5.5.3.3.

5.5.3.2 A filler plate less than 1/4 in [6 mm] thick shall not be used to transfer stress but shall be kept flush with the
welded edges of the stress-carrying joint member. The sizes of welds along such edges shall be increased over the
required sizes by an amount equal to the thickness of the filler (see Figure 5.1).

5.5.3.3 Any filler plate 1/4 in [6 mm] or more in thickness shall extend beyond the edges of the joint member and
comply with the requirements of Figure 5.3.

5.5.4 Details of Fillet Welds

5.5.4.1 For fillet welds in lap joints, if the fillet size equals the thickness of the edge being welded, there is the pos-
sibility of the weld size not being as large as it appears because of edge melting. It is a common practice in material 1/4 in
[6 mm] or greater to keep the fillet size 1/16 in [1.5 mm] less than the thickness to avoid this problem. When this practice
is not followed, precautions should be taken to assure the needed throat size [see Figure 5.4(B)].

5.5.4.2 Fillet welds in holes or slots in lap joints may be used to transfer shear or to prevent buckling or separation
of lapped joint members. Fillet welds in holes or slots are not to be considered as plug or slot welds.

5.5.4.3 Skewed T- Joints. T-joints having a dihedral angle (Ψ) between the joined parts greater than 100° or less
than 80° are defined as skewed T-joints. Such joints are considered pre-qualified if in accordance with 7.3.1 and Figure
5.4(A). The Fabricator’s Engineer shall specify the required effective weld throat (E), root opening (R), and measured
leg size (W). These details shall be clearly shown on the drawing. Dihedral angles of less than 60° and equal to or greater
than 30° are permitted; however, in such cases, the weld is considered to be a partial joint penetration groove weld and
the Fabricator’s Engineer shall specify a minimum joint penetration. Angles less than 30° shall not be considered as
effective in transmitting design loads.

5.5.5 Intermittent Fillet Welds

5.5.5.1 Intermittent fillet welds should be avoided in primary load-carrying members.

5.5.5.2 Intermittent fillet welds may be used to transfer calculated stress across a joint or faying surfaces when the
strength required is less than that developed by a continuous fillet weld of the smallest permitted size, and to join compo-
nents of built-up members.

5.5.5.3 The effective length of any segment of intermittent fillet welding shall be not less than four times the weld
size, with a minimum of 1-1/2 in [38 mm].

Full document details: D15.1 - D15.1M-2019-AMD1 (2021)

http://www.avadocuments.com/doc/d15-1-d15-1m-2019-amd1-2021
http://www.avadocuments.com/doc/d15-1-d15-1m-2019-amd1-2021


CLAUSE 5. REQUIREMENTS FOR ALL WELDING AWS D15.1/D15.1M:2019-AMD1

12

5.5.6 Lap Joints

5.5.6.1 The minimum width of laps on lap joints should be five times the thickness of the thinner joint member and
not less than 1 in [25 mm] (see Figure 5.2).

5.5.6.2 Lap joints joining plates or bars subjected to member axial load shall be fillet welded along the edge of
both lapped members except where the deflection of the lapped members is sufficiently restrained to prevent opening of
the joint under maximum loading (see Figure 5.2).

5.5.7 Mechanical Fasteners. Mechanical fasteners used in bearing type connections shall not be considered as shar-
ing the stress in combination with welds; the welds shall be considered to carry the full load. Consideration should be
given to applying bolts first to ensure alignment and limit distortion.

5.5.8 Design Considerations

5.5.8.1 Base Metals. Base metals listed in this standard are intended to be used as a guide in the selection of base
metal for the intended application. It is not intended that suitable base metals described by other specifications should be
excluded. Use of a base metal specifically described by the listed specifications is not mandatory, as specific designs,
manufacturing, and service conditions may dictate the use of a base metal not so described.

5.5.8.2 Allowable Stress (Steel). Refer to Table 5.2 for the allowable design weld stresses.

5.5.8.3 Allowable Stress (Aluminum). The allowable design stresses for welded aluminum structures shall be
determined as follows:

(1) Welding of structural aluminum alloys causes local or partial annealing which produces an area of lower strength
along the heat-affected zone (HAZ). The resulting variation in mechanical properties in the vicinity of a weld is illus-
trated by the typical distribution shown in Figure 5.5. When designing welded load carrying members, this decrease in
strength shall be taken into consideration in addition to the normal design rules. Allowable stresses for welded members
(Table 5.3) shall be determined from the same formulas that are used for nonwelded members. In applying these formu-
las to welded structures, the tensile strength, δtu, shall be 90% of the weld qualification test value of strength, δtuw but not
more than 90% of the strength values given in Table 5.3. The yield strengths, δty and δcy, shall be the tensile and com-
pressive yield strengths, δtyw

 and δcyw, given in Table 5.4.

(2) If less than 15% of the area of a given cross section lies within 1 in [25 mm] of a weld, regardless of material
thickness, the effect of welding may be neglected and allowable stresses calculated assuming nonwelded construction. If
Aw is equal to or greater than 15% of A, the allowable stress shall be calculated from the following:

(Eq. 1)

where

δpw = allowable stresses on cross section, part of whose area lies within 1.0 in [25 mm] of a weld
δn = allowable stress for cross section 1.0 in [25 mm] or more from weld (Table 5.5)
δw = allowable stress for cross section if entire area were to lie within 1.0 in [25 mm] of a weld (Table 5.4)
Aw = area of cross section lying within 1.0 in [25 mm] of a weld
A = net area of cross section of a tension flange of a beam, or gross area of cross section of a compression member

or compression flange of a beam (a beam flange is considered to consist of that portion of the member further
than 2c/3 from the neutral axis, where c is the distance from the neutral axis to the extreme fiber)

5.5.8.4 Copper-Bearing Steel. When a copper-bearing steel is used and weldability is a factor, it is preferable that
the copper content of the base metal does not exceed 0.30%.

5.6 Consumables

5.6.1 Condition. Welding consumables that have been removed from the original package shall be protected and
stored so that the welding properties are not affected. Electrodes shall be dry and in condition suitable for use.

5.6.2 Certification. When requested by the Owner’s Engineer, the manufacturer shall furnish certification that the
filler metal or flux or combination meets the requirements of the appropriate AWS filler metal specification.

δpw δn Aw δn δw–( )
A--------------------------------–=

Full document details: D15.1 - D15.1M-2019-AMD1 (2021)

http://www.avadocuments.com/doc/d15-1-d15-1m-2019-amd1-2021
http://www.avadocuments.com/doc/d15-1-d15-1m-2019-amd1-2021


AWS D15.1/D15.1M:2019-AMD1 CLAUSE 5. REQUIREMENTS FOR ALL WELDING

13

5.6.3 Flux for Submerged Arc Welding. Flux used for submerged arc welding shall be dry and free of contamina-
tion from dirt, mill scale, or other foreign material. All flux shall be purchased in packages that can be stored, under nor-
mal conditions, for at least six months without such storage affecting welding characteristics or weld properties. Flux
from damaged packages shall be discarded or shall be dried at a minimum temperature of 500°F [260°C] for one hour
before use. Flux that has been wet shall not be used.

5.6.3.1 Recrushed Slag. Recrushed slag may be used provided it has its own marking, using the recrusher’s name
and trade designation. In addition, each dry batch or dry blend (lot) of flux, as defined in AWS A5.01M/A5.01
(ISO14344:2010 MOD), Welding Consumables—Procurement of Filler Metals and Fluxes, shall be tested in conform-
ance with Schedule I of AWS A5.0M 1/A5.01 (ISO14344:2010 MOD) and classified by the manufacturer or recrusher
per AWS A5.17/A5.17M or A5.23/A5.23M, as applicable.

5.6.4 Conformance. Welding electrodes, rods, and flux-electrode combinations shall conform to the applicable AWS
filler metal specification.

5.6.5 Shielding Gas. Shielding gases shall conform to the requirements of AWS A5.32M/A5.32, (ISO 14175:2008
MOD), Welding Consumables—Gases and Gas Mixtures for Fusion Welding and Allied Processes.

5.6.6 Low Hydrogen Shielded Metal Arc Welding Electrodes

5.6.6.1 All low hydrogen electrodes shall be purchased in hermetically sealed containers or shall be baked as pre-
scribed below. After hermetically sealed containers are opened, electrodes shall be consumed or placed in a storage oven
held at a temperature of at least 250°F [121°C].

5.6.6.2 Baking Electrodes. Electrodes not purchased in hermetically sealed containers, electrodes from damaged
containers and electrodes exposed to the atmosphere for periods greater than those permitted in Table 5.6 shall be baked
as follows:

(1) All electrodes having low hydrogen coverings conforming to AWS A5.1/A5.1M shall be baked for at least two
hours between 500°F and 800°F [260°C and 427°C], or

(2) All electrodes having low hydrogen coverings conforming to AWS A5.5/A5.5M shall be baked for at least one
hour at temperatures between 700°F and 800°F [371°C and 427°C].

Low hydrogen electrodes shall be rebaked no more than one time. Electrodes that have been wet shall not be used.

5.6.6.3 Approved Atmospheric Exposure Time Periods. After hermetically sealed containers are opened or after
electrodes are removed from baking or storage ovens, the electrode exposure to the atmosphere shall not exceed the
times shown in Table 5.6, Column A for the specific electrode classification including those having optional supplemen-
tal designators. Electrodes exposed to the atmosphere for periods less than those allowed by Table 5.6, Column A may
be returned to a storage oven maintained at 250°F [121°C] min.; after a minimum storage period of four hours, the elec-
trodes may be reissued.

5.6.6.4 Alternative Atmospheric Exposure Time Periods Established by Tests. Alternative exposure time val-
ues shown in Table 5.6, Column B may be used provided testing establishes the maximum allowable time. The testing
shall be performed in accordance with the latest edition of AWS A5.5/5.5M, for each electrode classification and each
electrode manufacturer. Such tests shall establish that after exposure, the maximum moisture content values of AWS
A5.1/A5.1M or AWS A5.5/A5.5M as applicable, are not exceeded. These electrodes shall not be used at combinations of
relative humidity and temperature that exceed either the relative humidity or moisture content in the air that prevailed
during the testing program.

For proper application of 5.6.6.4, any standard psychrometric chart shall be used in the determination of temperature-rel-
ative humidity limits.

5.6.6.5 Electrode Restrictions for M11 Steels. When used for welding M11 steels (refer to AWS B2.1/B2.1M,
Specification for Welding Procedure and Performance Qualification), electrodes of any classification lower than
E100XX should be dried for at least one hour at temperatures between 700°F and 800°F [371°C and 427°C] before
being used. Alternatively, special low-moisture content electrodes may be purchased.
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Table 5.1
Minimum Weld Size for Partial Joint Penetration Groove Welds

Base Metal Thickness of Thicker Part Joined, in [mm] Minimum Weld Size, ina [mma]

1/8 to 3/16 [3 to 5] incl. 1/16 [1.5]

Over 3/16 to 1/4 [Over 5 to 6] incl. 1/8 [3]

Over 1/4 to 1/2 [Over 6 to 13] incl. 3/16 [5]

Over 1/2 to 3/4 [Over 13 to 19] incl. 1/4 [6]

Over 3/4 to 1-1/2 [Over 19 to 38] incl. 5/16 [8]

Over 1-1/2 to 2-1/4 [Over 38 to 57] incl. 3/8 [10]

Over 2-1/4 to 6 [Over 57 to 150] incl. 1/2 [13]

Over 6 [Over 150] incl. 5/8 [16]

a Except that the weld size need not exceed the thickness of the thinner part.

Table 5.2
Allowable Weld Stresses (Steel)

Kind of Stress Base Metal
Required Filler

Metal and Fluxb, c Allowable Design Stressa, f

Tension and compression parallel to axis of any 
complete penetration groove weld.

Any listed in
Table 8.1

As specified in
Table 8.1

Same as for base metal

Tension normal to effective areae of complete 
penetration groove weld.

Any listed in
Table 8.1

As specified in
Table 8.1

Same as allowable tensile
stress for base metal

Compression normal to effective areae of 
complete or partial penetration groove weld.

Any listed in
Table 8.1

As specified in
Table 8.1

Same as allowable
compressive stress for
base metal

Shear effective areae of complete penetration 
groove weld and partial penetration groove weld.

Any listed in
Table 8.1

As specified in
Table 8.1

Same as allowable shear
stress for base metal

• Shear stress on effective areae of fillet weld 
regardless of direction of application of loadf

• Tension normald to the axis on the effective 
throat of a partial-penetration groove weldf

• Shear stress on the effective area of a plug or 
slot weld.f

Class I of
Table 8.1

As specified in
Class I of Table 8.1

29.0 ksi [200 MPa]

Class II of
Table 8.1

As specified in
Class II of Table 8.1

33.06 ksi [228 MPa]

Class III of
Table 8.1

As specified in
Class III of Table 8.1

38.86 ksi [268 MPa]

Class IV of
Table 8.1

As specified in
Class IV of Table 8.1

50.46 ksi [348 MPa]

a These allowable design stresses are based on weld metal properties and do not include a factor of safety. This should be considered in any design
using these allowable stress values.

b The use of chromium-molybdenum filler metal is not recommended for structural components.
c Only low hydrogen electrodes or their equivalent shall be used to weld ASTM A242, A441, A514, A517, A572, A588, A633, A656, and A709 steels.
d Fillet welds and partial penetration groove welds joining the component elements of built-up members, such as flange-to-web connections, may be

designed without regard to the tension or compressive stresses in those elements parallel to the axis of the weld.
e See 5.5.2 for effective areas for groove welds and for fillet welds.
f The allowable stress, regardless of electrode classification used, shall not exceed that given in the table for the weaker base metal being joined.
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Table 5.3
Allowable Weld Stresses (Aluminum)

Kind of Stress Base Metal
Required

Filler Metal Design Stressa

Tension and compression parallel to axis of 
any complete penetration groove weld

Any listed in
Tables 5.4 and 5.5

As specified in
Annex E

See 5.5.8

Tension normal to weld axis of complete 
penetration groove welds

Any listed in
Table 5.4

As specified in
Annex E

See 5.5.8

Compression normal to weld size of 
complete or partial penetration groove weld

Any listed in
Tables 5.4 and 5.5

As specified in
Annex E

See 5.5.8

Shear on weld size of complete penetration 
groove weld and partial-penetration groove 
weld

Any listed in
Tables 5.4 and 5.5

As specified in
Annex E

See 5.5.8

Shear stress on effective throat fillet weld 
regardless of direction of application of load; 
tension normal not the axis on the effective 
throat of a partial penetration groove weld; 
and shear stress on effective area of a plug
or slot weldb

Any listed in
Tables 5.4 and 5.5

As specified in
Annex E

18.5 ksi [127 MPa] for ER5183
17.0 ksi [117 MPa] for ER5356
20.0 ksi [138 MPa] for
ER5556 and ER5554
12.0 ksi [83 MPa] for ER5654

a These design stresses are based on weld metal properties and do not include a factor of safety. This should be considered in any design using these
design stress values.

b See 5.5.2 for effective area for groove welds and effective throats for fillet welds.
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Table 5.4
Minimum Mechanical Properties for Welded Aluminum Alloysa

(Gas Tungsten Arc or Gas Metal Arc Welding with No Postweld Heat Treatment

Alloy and Temper
Product and Thickness Range

in [mm]

Tension Compression Shear Bearing

δtuw
ksi [MPa]

δtyw
b

ksi [MPa]
δcyw

b

ksi [MPa]
Tuw

ksi [MPa]
Tyw

ksi [MPa]
δbruw

ksi [MPa]
δbryw

ksi [MPa]

5052-H32, H34 All 25 [172] 13 [90] 13 [90] 16 [110] 7.5 [51] 50 [345] 19 [131]

5083-H111 Extrusions 39 [269] 21 [145] 20 [138] 23 [159] 12 [83] 78 [538] 32 [221]

-H116, H321 Sheet and Plate 0.188–1.500 [5–38] 40 [276] 24 [166] 24 [166] 24 [166] 14 [97] 80 [552] 36 [248]

-H116, H321 Plate 1.501–3.000 [38–75] 39 [269] 23 [159] 23 [159] 24 [166] 13 [90] 78 [538] 34 [234]

-H323, H343 Sheet 40 [276] 24 [166] 24 [166] 24 [166] 14 [97] 80 [552] 36 [248]

5086-H111 Extrusions 35 [241] 18 [124] 17 [117] 21 [145] 10 [69] 70 [483] 28 [193]

-H112 Plate 0.250–0.499 [6–13] 35 [241] 17 [117] 17 [117] 21 [145] 9.5 [66] 70 [483] 28 [193]

-H112 Plate 0.500–1.000 [13–25] 35 [241] 16 [110] 16 [110] 21 [145] 9 [62] 70 [483] 28 [193]

-H112 Plate 1.001–2.000 [25–50] 35 [241] 14 [97] 14 [97] 21 [145] 8 [55] 70 [483] 28 [193]

-H32, H34, H116 Sheet and Plate 35 [241] 19 [131] 19 [131] 21 [145] 11 [76] 70 [483] 28 [193]

5454-H111 Extrusions 31 [214] 16 [110] 15 [103] 19 [131] 9.5 [66] 62 [427] 24 [166]

-H112 Extrusions 31 [214] 12 [83] 12 [83] 19 [131] 7 [48] 62 [427] 24 [166]

-H32, H34 Sheet and Plate 31 [214] 16 [110] 16 [110] 19 [131] 9.5 [66] 62 [427] 24 [166]

6061-T6, T651, T6510, T6511c All 24 [166] 20 [138] 20 [138] 15 [103] 12 [83] 50 [345] 30 [207]

-T6, T651, T6510, T6511d Over 0.375 [10] 24 [166] 15 [103] 15 [103] 15 [103] 9 [62] 50 [345] 30 [207]

6063-T5, T6 All 17 [117] 11 [76] 11 [76] 11 [76] 6.5 [45] 34 [234] 22 [152]

6351-T5c Extrusions Over 0.375 [10] 24 [166] 20 [138] 20 [138] 15 [103] 12 [83] 50 [345] 30 [207]

-T5IId 24 [166] 15 [103] 15 [103] 15 [103] 9 [62] 50 [345] 30 [207]

7005-T53e Extrusions Up to 0.750 [19] 38 [262] 30 [207] 30 [207] 21 [145] 17 [117] 72 [496] 50 [344]

a Filler metal used is that recommended in Annex E, Table E.3. Values of δtuw are weld qualification test values.
b +0.2% weld joint mismatch in 10 in [254 mm] gage length across a butt weld.
c Values when welded with 5183, 5356, or 5556 alloy filler metal regardless of thickness. Values also apply to thickness less than 0.375 in [10 mm] when welded with 4043, 5154, 5254, or 5554 alloy filler

metal.
d Values when welded with 4043, 5154, 5254, or 5554 alloy filler metal.
e Values when welded with 5356 alloy filler metal.
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Table 5.5
Minimum Mechanical Properties for Before Welding

Alloy and Temper Producta
Thickness Range,

in [mm]

Tension Compression Shear Bearing Compressive 
Modulus of 
Elasticityb

E, ksi [MPa]δtu δtt δcy Tu Ty δbru δbry

5052-H32 Sheet and Plate All 31 [214] 23 [159] 21 [145] 19 [131] 13 [90] 60 [414] 39 [269] 10 200 [70327]

-H34 Rolled Rod and All 34 [234] 26 [179] 24 [166] 20 [138] 15 [103] 65 [448] 44 [303] 10 200 [70327]

-H36 Bar Draw Tube Sheet 0.006–0.162 [0.2–4] 37 [155] 29 [200] 26 [179] 22 [152] 17 [117] 70 [483] 46 [317] 10 200 [70327]

5083-H111 Extrusions up through 0.500 [13] 40 [276] 24 [166] 21 [145] 24 [166] 14 [97] 78 [538] 41 [283] 10 400 [71705]

-H111 Extrusions 0.501 [13] and over 40 [276] 24 [166] 21 [145] 23 [159] 14 [97] 78 [538] 38 [262] 10 400 [71705]

-H321, H116 Sheet and Plate 0.1888–1.500 [5–38] 44 [303] 31 [214] 26 [179] 26 [179] 18 [124] 84 [579] 53 [365] 10 400 [71705]

-H321, H116 Plate 1.501–3.000 [13–75] 41 [283] 29 [200] 24 [166] 24 [166] 17 [117] 78 [538] 49 [338] 10 400 [71705]

-H323 Sheet 0.051–0.249 [1–6] 45 [310] 34 [234] 32 [221] 26 [179] 20 [138] 88 [607] 58 [400] 10 400 [71705]

-H343 Sheet 0.051–0.249 [1–6] 50 [345] 39 [269] 37 [155] 29 [200] 23 [159] 95 [655] 66 [455] 10 400 [71705]

5086-H111 Extrusions up through 0.500 [13] 36 [248] 21 [145] 18 [124] 21 [145] 12 [83] 70 [483] 36 [248] 10 400 [71705]

-H111 Extrusions 0.501 [13] and over 36 [248] 21 [145] 18 [124] 21 [145] 12 [83] 70 [483] 34 [234] 10 400 [71705]

-H112 Plate 0.250–0.499 [6–13] 36 [248] 18 [124] 17 [117] 22 [152] 10 [69] 72 [496] 31 [214] 10 400 [71705]

-H112 Plate 0.500–1.000 [13–25] 35 [241] 16 [110] 16 [110] 21 [145] 9 [62] 70 [483] 28 [193] 10 400 [71705]

-H112 Plate 1.001–2.000 [26–50] 35 [241] 14 [97] 15 [103] 21 [145] 8 [55] 70 [483] 28 [193] 10 400 [71705]

-H112 Plate 2.001–3.000 [50–75] 34 [234] 14 [97] 15 [103] 21 [145] 8 [55] 68 [469] 28 [193] 10 400 [71705]

-H116, H32 Sheet and Plate All 40 [276] 28 [193] 26 [179] 24 [166] 16 [110] 78 [538] 48 [331] 10 400 [71705]

-H34 Drawn Tube All 44 [303] 34 [234] 32 [221] 26 [179] 20 [138] 84 [579] 58 [400] 10 400 [71705]

5454-H111 Extrusions up through 0.500 [13] 33 [228] 19 [131] 16 [110] 20 [138] 11 [76] 64 [441] 32 [221] 10 400 [71705]

-H111 Extrusions 0.501 [13] and over 33 [228] 19 [131] 16 [110] 19 [131] 11 [76] 64 [441] 30 [207] 10 400 [71705]

-H112 Extrusions up through 5.000 [13] 31 [214] 12 [83] 13 [90] 19 [131] 7 [48] 62 [428] 24 [166] 10 400 [71705]

-H32 Sheet and Plate 0.0200–2.000 [0.5–50] 36 [248] 26 [179] 24 [166] 21 [145] 15 [103] 70 [483] 44 [303] 10 400 [71705]

-H34 Sheet and Plate 0.020–1.000 [0.5–25] 39 [269] 29 [200] 27 [186] 23 [159] 17 [117] 74 [510] 49 [338] 10 400 [71705]

6061-T6, T651 Sheet and Plate 0.010–4.000 [0.3–100] 42 [290] 35 [241] 35 [241] 27 [186] 20 [138] 88 [607] 58 [400] 10 100 [69637]
(Continued)
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-T6, T651c Extrusions up through 1.000 [25] 38 [262] 35 [241] 35 [241] 24 [166] 20 [138] 80 [552] 56 [386] 10 100 [69637]

-T6, T651 Rolled Rod and Bar up through 8.000 [200] 42 [290] 35 [241] 35 [241] 27 [186] 20 [138] 88 [607] 56 [386] 10 100 [69637]

-T6 Drawn Tube 0.025–0.500 [0.6–13] 42 [290] 35 [241] 35 [241] 27 [186] 20 [138] 88 [607] 56 [386] 10 100 [69637]

-T6 Pipe up through 0.999 [25] 42 [290] 35 [241] 35 [241] 27 [186] 20 [138] 88 [607] 56 [386] 10 100 [69637]

-T6 Pipe over 0.999 [25] 38 [262] 35 [241] 35 [241] 24 [166] 20 [138] 80 [552] 56 [386] 10 100 [69637]

6063-T5 Extrusions up through 0.500 [13] 22 [152] 16 [110] 16 [110] 13 [90] 9 [62] 46 [317] 26 [179] 10 100 [69637]

-T5 Extrusions over 0.500 [13] 21 [145] 15 [103] 15 [103] 12 [83] 8.5 [58]. 44 [303] 24 [166] 10 100 [69637]

-T5 Extrusions and Pipe All 30 [207] 25 [173] 25 [173] 19 [131] 14 [97] 63 [434] 40 [276] 10 100 [69637]

6351-T5 Extrusions up through 1.00 [25] 38 [262] 35 [241] 35 [241] 24 [166] 20 [138] 80 [552] 56 [386] 10 100 [69637]

7005-T53 Extrusions up to 0.7 [18] 50 [345] 44 [303] 43 [297] 28 [193] 25 [173] 95 [655] 73 [503] 10 500 [72395]

a Most product and thickness ranges are taken from the Aluminum Association’s 1979 edition of “Aluminum Standards and Data.”
b Typical values. For deflection calculations an average modulus of elasticity is used; numerically this is 100 ksi [690 MPa] lower than the values in this column.
c Values also apply to -T6511 temper.

Table 5.5 (Continued)
Minimum Mechanical Properties for Before Welding

Alloy and Temper Producta
Thickness Range,

in [mm]

Tension Compression Shear Bearing Compressive 
Modulus of 
Elasticityb

E, ksi [MPa]δtu δtt δcy Tu Ty δbru δbry
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Table 5.6
Allowable Atmospheric Exposure of Low Hydrogen Electrodes

Electrode Column A (hours) Column B (hours)

A5.1/A5.1M

E70XX 4 max.

E70XXR 9 max. Over 4 to 10 max.

E70XXHZR 9 max.

E7018M 9 max.

A5.5/A5.5M

E70XX-X 4 max. Over 4 to 10 max.

E80XX-X 2 max. Over 2 to 10 max.

E90XX-X 1 max. Over 1 to 5 max.

E100XX-X 1/2 max. Over 1/2 to 4 max.

E110XX-X 1/2 max. Over 1/2 to 4 max.

E120XX-X 1/2 max. Over 1/2 to 4 max.

E70XX-X R 9 max.

E80XX-X R 9 max.

E90XX-X R 9 max.

E100XX-X R 9 max.

E110XX-X R 9 max.

E120XX-X R 9 max.

Notes:
1. Column A: Electrodes exposed to atmosphere for longer periods than shown shall be baked before use.
2. Column B: Electrodes exposed to atmosphere for longer periods than those established by testing shall be baked before use.
3. Entire table: Electrodes shall be issued and held in quivers, or other small open containers. Heated containers are not mandatory.
4. The optional supplemental designator, R, designates a low hydrogen electrode that has been tested for covering moisture content after exposure to a

moist environment for 9 hours and has met the maximum level allowed in AWS A5.1/A5.1M, Specification for Carbon Steel Electrodes for
Shielded Metal Arc Welding, and AWS A5.5/A5.5M, Specification for Low-Alloy Steel Electrodes for Shielded Metal Arc Welding.
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Note: The effective area of weld 2 shall equal that of weld 1, but its size shall be its effective size plus the thickness of the filler T.

Figure 5.1—Fillers Less than 1/4 in [6 mm] Thick

Figure 5.2—Lap Width and Member Axial Load
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Notes:
1. The effective area of weld 2 shall equal that of weld 1. The length of weld 2 shall be sufficient to avoid overstressing the filler in shear

along planes x-x.
2. The effective area of weld 3 shall at least equal that of weld 1, and there shall be no overstress of the ends of weld 3 resulting from the

eccentricity of the forces acting on the filler.

Figure 5.3—Fillers 1/4 in [6 mm] or Thicker
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Notes:
1. (En) and (E'n) = effective weld throats dependent on magnitude of root opening (Rn).
2. Wn = measured leg size.
3. Subscript (n) represents 1, 2, 3, or 4 as shown.

The corner has melted away in the weld at the left, making the weld size much smaller than it appears. For the weld on the right, the
corner has been left so that the weld size can be more readily determined (see 5.5.4.1).

Figure 5.4—Details for Fillet Welds”
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Figure 5.5—Distribution of Mechanical Properties in the Vicinity of an Aluminum Weld
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6. Technique and Workmanship
6.1 General

6.1.1 Scope. This clause shall apply to the production and inspection of welded assemblies and structures produced
by any of the processes specified in 5.2.

6.1.2 Equipment. All welding and cutting equipment shall be so designed and manufactured and shall be in such
condition as to enable qualified welders, welding operators, and tack welders to follow the procedures and attain the
results prescribed elsewhere in this specification.

6.1.3 Welding Conditions. Welding shall not be allowed when the surfaces to be welded are wet or exposed to rain,
snow, or high wind, or when the ambient temperature in the area to be welded is below 0°F [–18°C]. These conditions do
not alter or preclude the minimum preheat or interpass temperatures required by the welding procedure specification.

6.1.4 Maximum Preheat and Interpass Temperatures, Aluminum Alloys. Heat-treatable aluminum alloys and
aluminum alloys containing three or more percent magnesium shall not be preheated nor have an interpass temperature
in excess of 250°F [121°C].

6.2 Preparation of Base Metal

6.2.1 Steel and Aluminum Base Metals

6.2.1.1 Thermal Cutting Criteria. Thermal cutting of aluminum alloys is limited to the plasma-arc cutting (PAC)
and laser beam cutting (LBC) processes. In thermal cutting, the equipment shall be so adjusted and manipulated as to
avoid cutting beyond (inside) the prescribed lines. The roughness of all thermal cut surfaces shall be no greater than that
defined by the American National Standards Institute (ANSI) surface roughness value of 1000 µin [25 µm] for material
up to 4 in [100 mm] thick and 2000 µin [50 µm] for material 4 in to 8 in [100 mm to 200 mm] thick, with the following
exception: the ends of members not subject to calculated stress at the ends shall not exceed a surface roughness value of
2000 µin [50 µm]. ASME B46.1, Surface Texture (Surface Roughness, Waviness, and Lay) is the reference standard.
AWS C4.6M (ISO 9013), Thermal Cutting—Classification of Thermal Cuts Geometric Product Specification and Qual-
ity Tolerances, may be used as a guide for evaluating surface roughness of these edges. For materials up to and including
4 in [100 mm] thick, use Sample No. 3, and for materials over 4 in up to 8 in [100 mm up to 200 mm] thick, use Sample
No. 2.

Roughness exceeding these values and notches or gouges no more than 3/16 in [5 mm] deep on otherwise satisfactory
surfaces shall be removed by machining or grinding. Cut surfaces and edges shall be left free of slag. Depressions caused
by removal of discontinuities shall be faired to the cut surfaces with a slope not exceeding one in ten. In cut edges,
notches or gouges less than 7/16 in [11 mm] deep in base metal up to 4 in [100 mm] thick may, with the approval of the
Fabricator’s Engineer, be repaired by welding. Any approved weld repairs shall be made by (1) suitably preparing the
discontinuity, (2) welding with a qualified procedure, (3) observing the applicable requirements of this standard, and (4)
grinding the completed weld smooth and flush with the adjacent surface.

6.2.1.2 Repair of Discontinuities. In the repair of internal discontinuities, the amount of metal removed shall be
the minimum necessary to remove the discontinuity or to determine that the permissible limit is not exceeded. All repairs
of discontinuities by welding shall conform to the applicable provisions of this specification.

In the repair of discontinuities:

(1) The limits of acceptability and the repair of visually observed edge discontinuities shall be in accordance with
Table 6.1 in which the length of discontinuity is the visible long dimension on the cut edge of the metal and the depth is
the distance that the discontinuity extends into the plate from the cut edge.

(2) For discontinuities over 1 in [25 mm] in length with depth greater than 1 in [25 mm], discovered by visual inspec-
tion of cut edges of plate before welding or during examination of welded joints by radiographic or ultrasonic testing, the
following procedures shall be observed:

(a) Where discontinuities such as (W), (X), or (Y) in Figure 6.1 are observed prior to completing the joint, the
size and shape of the discontinuity shall be determined by ultrasonic testing. The area of the discontinuity shall be deter-
mined as the area of total loss of back reflection, when tested in accordance with the procedure of ASTM A435, Specifi-
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