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Abstract

This code covers the welding requirements for any type of welded structure made from the commonly used carbon and 
low-alloy constructional steels. Clauses 1 through 11 constitute a body of rules for the regulation of welding in steel 
construction. There are eight normative and eleven informative annexes in this code. A Commentary of the code is 
included with the document.



AWS D1.1/D1.1M:2020

iiii

ISBN Print: 978-1-64322-087-1
ISBN PDF: 978-1-64322-088-8

© 2020 by American Welding Society
All rights reserved

Printed in the United States of America

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

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



AWS D1.1/D1.1M:2020

iii

Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American 
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the 
American National Standards Institute (ANSI). When AWS American National Standards are either incorporated in, or 
made part of, documents that are included in federal or state laws and regulations, or the regulations of other governmen-
tal bodies, their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS standards 
must be approved by the governmental body having statutory jurisdiction 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 stand-
ard 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 proc-
ess 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 pub-
lished 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 amend-
ments or errata, or supplemented by publication of addenda. Information on the latest editions of AWS standards includ-
ing 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: Director, Standards Development, 8669 NW 36 St, # 130, Miami, FL 33166 (see Annex T). 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 D1 Committee on Structural 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 requested and should be addressed 
to AWS Headquarters. Such comments will receive careful consideration by the AWS D1 Committee on Structural 
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 D1 Committee on Structural 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.



AWS D1.1/D1.1M:2020

xiii

Foreword

This foreword is not part of AWS D1.1/D1.1M:2020, Structural Welding Code—Steel, 
but is included for informational purposes only.

The first edition of the Code for Fusion Welding and Gas Cutting in Building Construction was published by the American 
Welding Society in 1928 and called Code 1 Part A. It was revised in 1930 and 1937 under the same title. It was revised 
again in 1941 and given the designation D1.0. D1.0 was revised again in 1946, 1963, 1966, and 1969. The 1963 edition 
published an amended version in 1965, and the 1966 edition published an amended version in 1967. The code was com-
bined with D2.0, Specifications for Welding Highway and Railway Bridges, in 1972, given the designation D1.1, and 
retitled AWS Structural Welding Code. D1.1 was revised again in 1975, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 
1988, 1990, 1992, 1994, 1996, 1998, 2000, 2002, 2004, 2006, 2008 and 2010. A second printing of D1.1:2010 was pub-
lished in 2011. From 1972 to 1988, the D1.1 code covered the welding of both buildings and bridges.

In 1988, AWS published its first edition of AASHTO/AWS D1.5, Bridge Welding Code; coincident with this, the D1.1 
code changed references of buildings and bridges to statically loaded and dynamically loaded structures, respectively, in 
order to make the document applicable to a broader range of structural applications. After the publishing of the 2010 edi-
tion, it was decided that the AWS Structural Welding Code—Steel would be published on a five year revision cycle 
instead of a two year revision cycle. This was done in order to sync the publication cycle of AWS Structural Welding 
Code-Steel with the publication cycles of the AISC Steel Building Specification and the International Building Code. 
This 2020 edition is the 24th edition of D1.1.

Changes in Code Requirements, underlined text in the clauses, subclauses, tables, figures, or forms indicates a change 
from the 2015 edition. A vertical line in the margin of a table or figure also indicates a change from the 2015 edition.

The following is a summary of the most significant technical changes contained in D1.1/D1.1M:2020:

Summary of Changes
Clause/Table/Figure/Annex Modification

Clause 1
Clause 2 This is a new clause listing normative references. It replaces subclause 1.9 and Annex S from the 

previous edition.
Clause 3 This is a new clause that provides terms and definitions specific to this standard. It replaces 

subclause 1.3 and Annex J from the previous edition.
Clause 4 Clause 4 was presented as Clause 2 in the previous edition. Annex A Figures in the previous 

edition were incorporated into Clause 4.
Clause 5 Clause 5 was presented as Clause 3 in the previous edition. The Clause has also been restructured 

to follow the normal progression of writing a prequalified WPS. Table 5.2 has been editorially 
renamed and reorganized to list WPS essential variables. Additional requirements have been 
added when using shielding gases and a new Table 5.7 was added on shielding gases. New 
materials have been added to Tables 5.3 and 5.8.

Clause 6 Clause 6 was presented as Clause 4 in the previous edition. Revisions include the requirements 
for the qualification of WPSs using waveform technology. All the CVN testing requirements have 
been added to Table 6.7, so they now are all contained in a single place. The WPS retest 
requirements have been clarified. The PJP Groove weld clause has been reorganized to clarify the 
qualification of PJP Groove welds using the Joint Details in Figure 5.2. Part D of the Clause has 
been reorganized to better align the testing procedures and qualification of CVNs with the order 
that they would be accomplished.

(Continued)
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Summary of Changes
Clause/Table/Figure/Annex Modification

Clause 7 Clause 7 was presented as Clause 5 in the previous edition. Revisions were made to the weld 
restoration of base metal with mislocated holes.

Clause 8 Clause 8 was presented as Clause 6 in the previous edition. Revisions were made to the 
qualification requirements for inspection personnel to ensure that all welding inspectors are 
qualified. The Engineer’s responsibilities as it relates to Inspection were also clarified. Digital 
radiography has been added to Radiographic Testing. The limitations for geometric unsharpness 
have been added to the Code and the equation has been revised to match the equation in ASME 
Boiler and Pressure Vessel Code, Section V, Article 2. The methodology to determine the 
attenuation factor has been updated to reflect that UT instruments are now capable of reporting a 
fractional value for dB.

Clause 9 Clause 9 was presented as Clause 7 in the previous edition. The code was updated to require the 
manufacturer’s permanent identification on headed studs and deformed anchor bars. Revisions 
were made to provide weld procedure requirements for fillet welding of studs.

Clause 10 Clause 10 was presented as Clause 9 in the previous edition. The calculations for static strength 
of welded tubular connections were removed in deference to AISC design provisions.

Clause 11 Clause 11 was presented as Clause 8 in the previous edition.
Annex A Annex A was presented as Annex B in the previous edition.
Annex B Annex B was presented as Annex H in the previous edition.
Annex D Annex D was presented as Annex F in the previous edition.
Annex E Annex E was presented as Annex D in the previous edition.
Annex F Annex F was presented as Annex E in the previous edition.
Annex H New Annex that addresses phased array ultrasonic testing (PAUT)
Annex J Annex J was presented as Annex M in the previous edition.
Annex K Annex K was presented as Annex P in the previous edition.
Annex L Annex L was presented as Annex T in the previous edition.
Annex M Annex M was presented as Annex U in the previous edition.
Annex N Annex N was presented as Annex K in the previous edition.
Annex O Annex O was presented as Annex Q in the previous edition.
Annex P Annex P was presented as Annex L in the previous edition.
Annex Q Annex Q was presented as Annex O in the previous edition.
Annex R Annex R has been modified to contain preliminary design of circular tube connections previously 

contained in the Tubular Structures clause as well as ovalizing parameter alpha.
Annex T Annex T was presented as Annex N in the previous edition.
C-Annex H Commentary was added for Annex H

Commentary. The Commentary is nonmandatory and is intended only to provide insightful information into provision 
rationale.

Normative Annexes. These annexes address specific subjects in the code and their requirements are mandatory require-
ments that supplement the code provisions.

Informative Annexes. These annexes are not code requirements but are provided to clarify code provisions by showing 
examples, providing information, or suggesting alternative good practices.

Index. As in previous codes, the entries in the Index are referred to by subclause number rather than by page number. This 
should enable the user of the Index to locate a particular item of interest in minimum time.

(Continued)
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Errata. It is the Structural Welding Committee’s Policy that all errata should be made available to users of the code.
Therefore, any significant errata will be published in the Society News Section of the Welding Journal and posted on the 
AWS web site at: http://www.aws.org/standards/page/errata.

Suggestions. Your comments for improving AWS D1.1/D1.1M:2015, Structural Welding Code—Steel are welcome.
Submit comments to the Secretary of the D1Q Subcommittee, American Welding Society, 8669 NW 36 St, # 130,  
Miami, FL 33166.
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Structural Welding Code—Steel

1.  General Requirements

1.1  Scope
This code contains the requirements for fabricating and erecting welded steel structures. When this code is stipulated in 
contract documents, conformance with all provisions of the code shall be required, except for those provisions that the 
Engineer (see 1.5.1) or contract documents specifically modifies or exempts.

The following is a summary of the code clauses:

1. General Requirements. This clause contains basic information on the scope and limitations of the code, key defini-
tions, and the major responsibilities of the parties involved with steel fabrication.

2. Normative References. This clause contains a list of reference documents that assist the user in implementation of this 
code or are required for implementation.

3. Terms and Definitions. This clause contains terms and definitions as they relate to this code.

4. Design of Welded Connections. This clause contains requirements for the design of welded connections composed of 
tubular, or nontubular, product form members.

5. Prequalification of WPSs. This clause contains the requirements for exempting a Welding Procedure Specification 
(WPS) from the WPS qualification requirements of this code.

6. Qualification. This clause contains the requirements for WPS qualification and the performance qualification tests 
required to be passed by all welding personnel (welders, welding operators, and tack welders) to perform welding in 
accordance with this code.

7. Fabrication. This clause contains general fabrication and erection requirements applicable to welded steel structures 
governed by this code, including the requirements for base metals, welding consumables, welding technique, welded 
details, material preparation and assembly, workmanship, weld repair, and other requirements.

8. Inspection. This clause contains criteria for the qualifications and responsibilities of inspectors, acceptance criteria for 
production welds, and standard procedures for performing visual inspection and nondestructive testing (NDT).

9. Stud Welding. This clause contains the requirements for the welding of studs to structural steel.

10. Tubular Structures. This clause contains exclusive tubular requirements. Additionally, the requirements of all other 
clauses apply to tubulars, unless specifically noted otherwise.

11. Strengthening and Repair of Existing Structures. This clause contains basic information pertinent to the welded 
modification or repair of existing steel structures.

1.2  Standard 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.
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1.3  Safety Precautions
Safety and health issues and concerns are beyond the scope of this standard and therefore are not fully addressed herein. 
It is the responsibility of the user to establish appropriate safety and health practices. Safety and health information is 
available from the following sources:

American Welding Society:

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

(2)	 AWS Safety and Health Fact Sheets

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

Material or Equipment Manufacturers:

(1)	 Safety Data Sheets supplied by materials manufacturers

(2)	 Operating Manuals supplied by equipment manufacturers

Applicable Regulatory Agencies

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

1.4  Limitations
The code was specifically developed for welded steel structures that utilize carbon or low alloy steels that are 1/8 in  
[3 mm] or thicker with a minimum specified yield strength of 100 ksi [690 MPa] or less. The code may be suitable to 
govern structural fabrications outside the scope of the intended purpose. However, the Engineer should evaluate such 
suitability, and based upon such evaluations, incorporate into contract documents any necessary changes to code require-
ments to address the specific requirements of the application that is outside the scope of the code. The Structural Welding 
Committee encourages the Engineer to consider the applicability of other AWS D1 codes for applications involving alu-
minum (AWS D1.2), sheet steel equal to or less than 3/16 in [5 mm] thick (AWS D1.3), reinforcing steel (AWS D1.4), 
stainless steel (AWS D1.6), strengthening and repair of existing structures (AWS D1.7), seismic supplement (AWS 
D1.8), and titanium (AWS D1.9). The AASHTO/AWS D1.5 Bridge Welding Code was specifically developed for weld-
ing highway bridge components and is recommended for those applications.

1.5  Responsibilities
1.5.1  Engineer’s Responsibilities. The Engineer shall be responsible for the development of the contract documents 
that govern products or structural assemblies produced under this code. The Engineer may add to, delete from, or 
otherwise modify, the requirements of this code to meet the particular requirements of a specific structure. All requirements 
that modify this code shall be incorporated into contract documents. The Engineer shall determine the suitability of all 
joint details to be used in a welded assembly.

The Engineer shall specify in contract documents, as necessary, and as applicable, the following:

(1)	 Code requirements that are applicable only when specified by the Engineer.

(2)	 All additional NDT that is not specifically addressed in the code.

(3)	 Extent of verification inspection, when required.

(4)	 Weld acceptance criteria other than that specified in Clause 8.

(5)	 CVN toughness criteria for weld metal, base metal, and/or HAZ when required.

(6)	 For nontubular applications, whether the structure is statically or cyclically loaded.

CLAUSE 1. GENERAL REQUIREMENTS� AWS D1.1/D1.1M:2020



3

AWS D1.1/D1.1M:2020� CLAUSE 1. GENERAL REQUIREMENTS

(7)	 Which welded joints are loaded in tension.

(8)	 All additional requirements that are not specifically addressed in the code.

(9)	 For OEM applications, the responsibilities of the parties involved.

1.5.2  Contractor’s Responsibilities. The Contractor shall be responsible for WPSs, qualification of welding personnel, 
the Contractor’s inspection, and performing work in conformance with the requirements of this code and contract 
documents.

1.5.3  Inspector’s Responsibilities

1.5.3.1  Contractor Inspection. Contractor inspection shall be supplied by the Contractor and shall be performed as 
necessary to ensure that materials and workmanship meet the requirements of the contract documents.

1.5.3.2  Verification Inspection. The Engineer shall determine if Verification Inspection shall be performed. 
Responsibilities for Verification Inspection shall be established between the Engineer and the Verification Inspector.

1.6  Approval
All references to the need for approval shall be interpreted to mean approval by the Authority Having Jurisdiction or the 
Engineer.

1.7  Mandatory and Nonmandatory Provisions
1.7.1  Code Terms “Shall,” “Should,” and “May.” “Shall,” “should,” and “may” have the following significance:

1.7.1.1  Shall. Code provisions that use “shall” are mandatory unless specifically modified in contract documents by 
the Engineer.

1.7.1.2  Should. The word “should” is used to recommend practices that are considered beneficial, but are not 
requirements.

1.7.1.3  May. The word “may” in a provision allows the use of optional procedures or practices that can be used as an 
alternative or supplement to code requirements. Those optional procedures that require the Engineer’s approval shall 
either be specified in the contract documents, or require the Engineer’s approval. The Contractor may use any option 
without the Engineer’s approval when the code does not specify that the Engineer’s approval shall be required.

1.8  Welding Symbols
Welding symbols shall be those shown in AWS A2.4, Standard Symbols for Welding, Brazing, and Nondestructive 
Examination. Special conditions shall be fully explained by added notes or details.
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ASTM E164, 8.22.1, H5.7
ASTM E165, 8.14.5
ASTM E317, C–8.23.1, H14.1.2
ASTM E494, H14.4
ASTM E709, 8.14.4
ASTM E1032, 8.16.1
ASTM E1254, 8.18.4.1

Index
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ASTM E1936, C–8.17.11.2
ASTM E2033, 8.16.1.1
ASTM E2339, 8.16.1
ASTM E2445, 8.16.1.1
ASTM E2698, 8.16.1.1, C–8.17.11.2
ASTM E2699, 8.18.4.2
atmospheric time periods, 7.3.2.2, 7.3.2.3, 

Annex D, Figs. D.1 and D.2, 
Table 7.1

attachments
auxiliary, engineer’s approval of, 5.3.1, 

Tables 5.3 and 5.4
backing, 7.9.1

attenuation factor, ultrasonic testing, 
8.25.6.4, 8.27.1.5, C–8.25.6.4

automatic mechanized welding, 9.5.1, 
C–9.5.1

AWS A2:4:2012, 1.8
AWS A5:32M/A5.32, 5.6.3, 7.3.1.3
AWS A5:36/A5.36M, 5.6.3
AWS A5.1/A5.1M, 7.3.2, 7.3.5, B6.2.2
AWS A5.5/A5.5M, 7.3.2, 7.3.5, B6.2.2
AWS A5.18/A5.18M, 5.6.3
AWS A5.25, 6.15.1.3
AWS A5.26, 6.15.1.3
axial stress and bending, 4.15.2
azimuthal scan, phased array ultrasonic 

testing, Annex H3.1

B
backgouging

butt joints, 10.14.1, Fig.10.18
T-, Y- or K-connections, 10.14.3, 

Fig.10.18
backing

attachment, 7.9.1
base metal, 7.2.2.2
CJP butt joints, 4.17.2.3, 10.14.1, 

Fig.10.18
CJP groove welds, 5.4.1.2, 5.4.1.3,  

Fig. 5.1
CJP T and corner joints, 4.17.2.2
contouring weld, corner and T-joints, 

4.17.3
fabrication, 7.9, 10.22, C–7.9, C–10.22
full-length, 7.9.1.2, 10.22.1, C–7.9.1.2, 

C–10.22.1
fusion, 7.9.1.1
longitudinal groove welds and corner 

joints, 4.17.2.4
non-steel, 7.9.3
prohibited joints and welds, 4.18.4
radiographic testing, 8.17.3.2
steel attachment, 4.17.2.1, 8.25.12, 

C–8.25.12, Table 4.5
T-, Y- or K-connections, 10.14.3, 10.14.4, 

C–10.14.4, Figs.10.17 and 10.18

thickness, 7.9.1.3, C–7.9.1.3
backscatter, radiographic testing, 8.17.8.3, 

C–8.17.8.3
baking electrodes, 7.3.2.4
bandpass filtering, phased array ultrasonic 

testing, Annex H3.2
base metal

allowable stresses, 4.6.3
cracks, 7.25.1.4
fabrication, 7.2, C–7.2, Table 5.3, Table 

6.9
insufficient thickness, 11.5.4, C–11.5.4
mislocated holes, welded restoration, 

7.25.5, C–7.25.5
notch toughness, tubular connections, 

10.7.2, C–10.7.2, Table C–10.1 to 
C.10.4

preparation, 7.14, C–7.14
prequalified WPSs, 5.3, Tables 5.3 and 

5.4
qualification, 6.8.3, C–6.8, Table 5.3, 

Tables 6.8 and 6.9
repair and strengthening, 11.2, C–11.2, 

Table C–11.1
straight-beam testing, 8.24.4
stud welding, 9.4.3, 9.5.4
thickness combination, 5.7.2, Table 5.8
through-thickness loading, 4.7.3, 

C–4.7.3
ultrasonic testing, 8.25, 10.29.4, 

C–8.25
workmanship, 11.5.1

base plates, connections and splices, 4.7.2
beams

camber, 7.22.3, 7.22.4, C–7.22.4,  
Fig. C–7.6, Tables 7.5 and 7.6

depth variation, 7.22.9
straightness, 7.22.2, C–7.22.2

bearing
loading points, 7.22.10, C–7.22.10, 

Fig. C–7.8
stiffeners, 7.22.11.3, C–11.3

bend testing, 6.10.3.1, 6.10.3.2, 6.10.3.3, 
C–6.10.3.2, Figs. 6.6 to 6.13

acceptance criteria, 6.10.3.3, 9.8.3, 
C–6.10.3.3

RT as substitution for, 6.17.1.1
stud welding, 9.6.7.1, 9.7.1.4, 9.8.3, 

9.9.7.2, C–9.7.1.4, Figs. 9.4  
and 9.5

bevel groove welds, 4.4.2.7, C–Fig. 5.2, 
Figs. 4.2 to 4.6

bidders, information furnished to, 8.1.1, 
C–8.1.1

bolts, 4.7.7, C–4.7.7
break test, fillet welds, 6.23.4, Figs. 6.25, 

6.27
built-up members, 4.12, C–4.12

camber in, 7.18.1, C–7.18

splices, 7.19.2
weld access holes, 7.16.1.2, Fig. 7.2

butt joints
alignment, 7.21.3, C–7.21.3,  

Fig. C–7.3 and C.7.4
circumferential groove welds, 10.28.1
CJP welds, backing, 4.17.2.3, 10.14.1, 

C–10.14, Fig.10.18
prequalified WPSs, 10.10.1, C–10.10.1
radiographic testing (RT), 8.16, C–8.16
single-side backing, 10.14.2, Fig.10.18
steel backing, C–8.25.12, Fig. C–8.3 

and C–8.4
surface contouring, 4.7.5, C–4.7.5
T-, Y- or K-connections, 10.15,  

Fig. 10.16 and 10.17, Tables 10.10 
and 10.11

testing, 8.25.6.2, Fig. 8.15
thickness transitions, 4.17.1.1,  

Fig. 4.17
transversely loaded, 4.17.5
weld tabs, 7.30.4
width transitions, 4.17.1.2, Fig. 4.18

C
calibration

angle-beam testing, 8.24.5
inspection testing, 8.24, 8.27
phased array ultrasonic testing, Annex 

H8
for testing, 8.24, C–8.24
ultrasonic testing, 8.21.4, 8.24, 8.27, 

10.29.3
camber

beams and girders, 7.22.3, 7.22.4, 
C–7.22.4, Fig. C–7.6, Tables 7.5 
and 7.6

built-up sections, 7.18.1, C–7.18
caulking, 7.27, C–7.27
Centerline cracking, C–5.8.2.1,  

Fig. C–5.1
center of rotation, instantaneous, 4.6.4.3, 

C–4.6.4.3
certification, nondestructive testing 

personnel, 8.14.6.2
channels, phased array ultrasonic testing, 

Annex H3.3
Charpy impact testing, Annex M, Table 

M.3
circular-to-circular tubular connections

effective lengths, 10.5.5, C–10.5.5
preliminary design, Annex R
stress categories, 10.2.3.2, C–10.2.3.2, 

Figs. C–10.1 and C–10.3,  
Table 10.3

circumferential groove welds, RT 
requirements, 10.28.1
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cleaning
completed welds, 7.29.2
in-process, 7.29.1

cleanliness
stud welding, 9.4.1
ultrasonic testing, 8.25.3

coating, stud welding, 9.4.2
Code approved processes, prequalified 

WPSs, 5.5.2
code interpretations, Engineer’s 

responsibilities, C–1.5.1(1)
columns, straightness, 7.22.1
Complete joint penetration (CJP) groove 

welds
allowable stress ranges, 4.16.2, 

C–4.16.2
butt joints, backing, 4.17.2.3
effective size, 4.4.1.2, 10.5.3.2,  

Table 10.7
full-length backing, 10.22.1, C–10.22.1
partial length prohibition, 4.8.2
prequalified WPSs, 5.4.1, 10.10, 

C–10.10, Figs. 5.1 and 5.5
prohibited joints and welds, 4.18.4
qualification requirements, 6.11, 6.21, 

Table 6.2(1)
T-, Y- or K-connections, 10.10.2, 

10.14.4.2, 10.14.4.3, Figs. 10.7  
to 10.11, 10.19 and 10.20, Table 
10.7

T and corner joints, backing, 4.17.2.2
tubular connections, 10.10, 10.14, 

10.18, C–10.10, C–10.14, 
C–10.18, Figs. 10.17, 10.20 to 
10.22, Table 10.13

visual inspection, 6.10.1.1
WPS qualification, 10.13, C–10.13, 

Tables 10.9, C–10.9
compression members

connections and splices, 4.7.2
cyclically loaded structures, 8.12.2.2, 

Fig. 8.3
intermittent weld, maximum spacing, 

4.12.2.2, C–4.12.2.2
concavity, repairs, 7.25.1.2
concentrically loaded weld groups, 

4.6.4.4, C–4.6.4.4, Table 4.4
construction aid welding, 7.17
consumables

fabrication, 7.3, C–7.3
verification test, 6.13.3, Fig. 6.18

contract documents
inspection stipulations, 8.1.2, C–8.1.2
plans and specifications, 4.3

contractor
inspection obligations, 1.5.3.1, 8.1.2.1, 

8.6
nondestructive testing responsibilities, 

8.6.4, 8.6.5

qualification responsibilities, 6.2.1.1, 
6.2.2.2, C–6.2.1.1

radiographic testing equipment 
provision, 8.18.1, C–8.18.1

repairs, 7.25.1, C–7.25.1
responsibilities of, 1.5.2, 8.6.1, 

C–1.5.2, C–8.6.1
shrinkage or distortion responsibilities, 

7.20.3
stud welding requirements, 9.3.3
testing responsibilities, 9.6.3
WPS preparation, 6.7

convexity, 7.25.1.1
cooling rates, Annex B.3.3, B6.1.3, Figs. 

B.2, B.3
cope holes, 7.16.3, C–7.16.3, Fig C–7.2
corner joints

backing, 4.17.2.2, 4.17.2.4, 4.17.3
preparation, 5.4.1.6, 5.4.2.5, C–5.4.1.6, 

C–5.4.2.5, C–Figs. 5.1 and 5.2
prequalified WPSs, Fig. 5.5
prohibited joints and welds, 4.18.4
qualification requirements, 6.11.1.1
steel backing, C–8.25.12, Fig. C–8.1 

and C–8.2
surface contouring, 4.7.5, C–4.7.5

corner reflectors, prohibition of, 8.22.2, 
C–8.22.2

corrosion protection, cyclically loaded 
structures, 4.14.3

couplants
phased array ultrasonic testing, Annex 

H5.6
ultrasonic testing, 8.25.3, C–8.25.4

cracks, weld or base metal, 7.25.1.4
cratering, repairs, 7.25.1.2
crushed slag, fabrication, 7.3.3.4, 

C–7.3.3.4
cumulative damage, cyclically loaded 

tubular structures, 10.2.3.4
cutting equipment, 7.10

thermal cutting process, 7.14.8
CVN toughness testing

acceptance criteria, 6.27.7,  
Table 6.15

FCAW-S testing, 6.28.5, Figs. 
6.31–6.32

general requirements, 6.26, C–6.26, 
Figs. 6.5 to 6.7, Tables 6.1 to 6.2, 
and 6.5 and 6.7

locations, 6.27.1, Fig. 6.28
notch location, 6.27.4, Fig. 6.28
number of specimens, 6.27.2,  

C–6.27.2
reporting requirements, 6.29
retesting, 6.27.8
specimen size, 6.27.3, Table 6.14
sub-size specimens, 6.27.6, Table 6.15
test temperature, 6.27.5, Table 6.14

tubular connections, 10.7.2.1, 
10.14.4.4, C–10.7.2.1, 
C–10.14.4.4

cyclically loaded structures
allowable stresses and stress ranges, 

4.16.2, C–4.16.2, C–11.4.2
backing, 7.9.1.4, C–7.9.1.4, Table 4.5
code provisions, nontubular structures, 

C–1.5.1(6)
in compression, 8.12.2.2, Fig. 8.3
detailing, fabrication and erection, 4.17
discontinuities, acceptance criteria, 

8.12.2, C–8.12.2.1, Fig. C–8.9, 
Figs. 8.2 and 8.3

general requirements, 4.13, C–4.13
girder web flatness, Annex F
inspection, 4.19
limitations, 4.14, C–14
material trimming, 7.14.7
prohibited joints and welds, 4.18
splices, 7.19.1.2
stress calculations, 4.15, 10.2.3.1, 

10.2.3.2, 10.2.3.3, C–10.2.3.2, 
C–10.2.3.3, Figs. 10.1, C–10.1, 
C–10.3, Tables 10.1 and 10.3

in tension, 8.12.2.1, Fig. 8.2
tubular connections, 10.2.3, C–10.2.3
ultrasonic testing, acceptance criteria, 

8.13.2, C–8.13.2, Tables 8.2 and 8.3
web flatness, 7.22.6.3
weld tabs, 7.30.3

D
dB accuracy

Annex P nomograph, 8.28.2.4
decibel equation, 8.28.2.2
inspection, 8.31
qualification procedures, 8.28.2

dead elements, phased array ultrasonic 
testing, Annex H3.4

decibel equation, 8.28.2.2
definitions, 3
depth variation, beams and girders, 7.22.9
design requirements

conformance, 7.12, C–7.12, Table 8.1, 
Table 10.15

strengthening and repair, 11.3, C–11.3
tubular connections, 10.2, 10.5,  

Table 10.1
welded connections

contract plans and specifications, 
4.3, C–4.3

scope, 4.1
destructive testing, acceptance criteria, 

6.24.2, Fig. 6.23
detailing, cyclically loaded structures, 

4.17, C–4.17
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digital image sensitivity range, 8.17.11.2, 
C–8.17.11.2, C–11.2

digital radiography
equipment, 8.18.1.2
radiographic testing (RT), 8.16.1.1, 

C–8.16.1.1
dihedral angle

prequalified WPSs limitations, 5.4.3.3, 
Annex Q, Fig. 5.4

steel backing, C–8.25.12
dimensional tolerance

groove dimensions, 10.23.2
joint configuration, 7.21, C–5–4.1.1, 

C–7.21
stiffeners, 7.22.12
stud welding, 9.2.1, Fig. 9.1
welded structural members, 7.22, 

C–7.22
discontinuities

acceptance criteria, 7.14.5.1, 8.12.1, 
8.12.2, 8.25.8, C–8.12.1, 
C–8.25.8, Fig. 7.1, Fig. C–8.7 and 
C–8.8, Figs. 8.1 to 8.3, Table 7.4, 
Tables 8.2 and 8.3

cyclically loaded structures, 8.12.2, 
C–8.12.2.1, Fig. C–8.9, Figs. 8.2 
and 8.3

length measurement, 8.25.7, C–8.25.7
longitudinal scanning patterns, 8.30.1
members, 11.5.2, C–11.5.2
mill-induced, 7.14.5, Table 7.4
phased array ultrasonic testing, Table 

H.3
repairs, 7.4.6, 7.14.5.2, C–7.14.5.2, 

Table 7.4
size evaluation, 8.29
statically loaded nontubular 

connections, 8.12.1, C–8.12.1, 
Fig. 8.1, Figs. C–8.7 and  
C–8.8

tension cyclically loaded structures, 
8.12.2.1, Fig. 8.2

testing procedures, 8.25, C–8.25
transverse discontinuities, 8.30.2
ultrasonic testing, 10.29.7, Annex O8, 

O9, O10, O11
display range, ultrasonic testing, 8.21.5
distance calibration, ultrasonic testing, 

8.21.7.6, 8.27.1.1, 8.27.2.3, 
10.29.3.1

distortion
control, 7.20, C–7.20
excessive, 7.22.6.4, C–7.22.6.4

double-sided groove preparation, 5.4.1.4
drawings

contract documents, 4.3.1
filler plates, 4.11.3
inspector’s access to, 8.1.6, C–8.1.6
shop drawings, 4.3.5

E
earthquake loading, C–14.4.2
eccentricity, calculated stresses, 4.6.2, 

C–4.6.2, Fig. C–4.3
edge blocks, radiographic testing, 

8.17.13, C–8.17.13, Fig. 8.10
edge discontinuities, 7.14.5.1, Fig. 7.1, 

Table 7.4
edge distance, ultrasonic testing, 8.21.7.6
effective areas, 4.4. See also specific 

welds, e.g., Groove welds
effective length, 4.4.2.2, 4.4.2.5, 

10.5.1, 10.5.5, 10.5.6, C–4.4.2.5, 
C–10.5.1, C–10.5.5

effective throat, 4.4.2.6, 4.4.3.7, Annex 
A, Fig. 4.1

minimum length, 4.4.2.3
elastic analysis, 4.15.1, C–4.15.1
electrodes

atmospheric time periods, 7.3.2.2, 
Table 7.1

baking, 7.3.2.4
carbon steel, Annex M, Table M.1
certification, 7.3.1.1
classification groups, 7.3.1.2, Table 

6.13
composition requirements, Annex M, 

Table M.6
condition, 7.3.1.5
crushed slag, 7.3.3.4, C–7.3.3.4
EGW, 7.4.2
ESW, 7.4.2
FCAW, 7.3.4, Annex M, C–Table 5.1, 

Table M.9
flux combinations, 7.3.1.1, 7.3.3.1, 

C–7.3.3.1
flux conditions, 7.3.3.2, C–7.3.3.2
flux reclamation, 7.3.3.3, C–7.3.3.3
GMAW, 7.3.4, Annex M, C–Table 5.1, 

Table M.9
GTAW, 7.3.5
low-hydrogen storage conditions, 

7.3.2.1, 7.3.2.5, Annex D, 
C–7.3.2.1, C–7.3.2.5, Figs. D.1 
and D.2

metal cored, Annex M, Table M.9
SAW, 5.5.5, 7.3.3
shielding gases, 5.6.3, 7.3.1.3, 

C–7.3.1.3
SMAW, 7.3.2, C–7.3.2
storage, 7.3.1.4, 7.3.2.1, C–7.3.2.1
usability characteristic, Annex M, 

Table M.4
Electrogas welding (EGW)

electrodes and guide tubes, 7.4.2
processes, 7.4, C–7.4
qualification, 6.8.2, 6.15.1, 6.15.1.3, 

C–6.15.1.3, Table 6.6

qualification test plates, 6.10, 6.21.2.2, 
Figs. 6.5, 6.24

scanning patterns, 8.30.3
Electroslag welding (ESW)

electrodes and guide tubes, 7.4.2
processes, 7.4, C–7.4
qualification, 6.8.2, 6.15.1, 6.15.1.3, 

C–6.15.1.3, Table 6.6
scanning patterns, 8.30.3
test plates, 6.10, 6.21.2.2, Figs. 6.5, 

6.24
end returns, maximum length, 4.9.3.3, 

C–4.9.3.3, Fig. 4.12
Engineer’s responsibilities

acceptance criteria, 8.8, C–8.8, Tables 
C–8.1 and C–10.15

auxiliary attachments approval, 5.3.1, 
Tables 5.3 and 5.4

cyclically loaded structures, 4.13.3
groove dimensions, 7.21.4.3
inspection personnel, 8.1.4.1,  

C–8.1.4.1
inspection responsibilities, 8.6.3
repairs, 7.25.3
Structural Welding Code requirements, 

1.5.1, C.1.5.1
stud welding, 9.3.3

equipment
inspection of, 8.2
peening, 7.26.1, C–7.26
phased array ultrasonic testing, Annex 

H5.6
qualification, 8.23, 8.28, C–8.23
radiographic testing, 8.18.1,  

C–8.18.1
stud welding, 9.9.5.2
ultrasonic testing, 8.21, Annex O, 

C–8.21, Table 8.8
welding and cutting, 7.10

erection, cyclically loaded structures, 
4.17

excessive convexity, 7.25.1.1
existing structures

base metal repair, 11.2, C–11.2
design for strengthening and repair, 

11.3, C–11.3
fatigue life enhancement, 11.4,  

C–11.4
quality controls, 11.6, C–11.6
strengthening and repair requirements, 

11.1, C–11.1
workmanship and technique, 11.5, 

C–11.5
exposures, tubular connections

double-wall, 10.28.1.2, 10.28.1.3, 
Figs.10.27 to 10.29

single-wall, 10.28.1.1, Fig. 10.26
eye examination, inspectors,  

8.1.4.6
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F
fabrication

arc strikes, 7.28, C–7.28
backing, 7.9, 10.22, C–7.9, C–10.22
base metal, 7.2, 7.14, C–7.14
camber, 7.18, C–7.18
caulking, 7.27, C–7.27
construction aid welds, 7.17
consumables and electrode 

requirements, 7.3, C–7.3
copes, heavy shapes, 7.16.3, C–7.16.3, 

Fig. C–7.2
cyclically loaded structures, 4.17, 

C–4.17
design conformance, 7.12, C–7.12
dimensional tolerance, 7.22, C–7.22
distortion and shrinkage control, 7.20, 

C–7.20
environmental conditions, 7.11, C–7.11
equipment, 7.10
ESW/EGW processes, 7.4, C–7.4
fillet weld sizes, 7.13, C–7.13, Table 

7.7
galvanized shapes, 7.16.2, C–7.16.2
joint tolerance, 7.21, C–7.21
peening, 7.26, C–7.26
plug welds, 7.24
preheat and interpass temperatures, 7.6
quenched and tempered steels, 7.7
reentrant corners, 7.15, C–7.15, Fig. 

C–7.1
repairs, 7.25, C–7.25
scope, 7.1, C–7.1
slot welds, 7.24
splices, 7.19
stress-relief heat treatment, 7.8,  

C–7.8
stud welding, 9.4, 9.8, C–9.4, C–9.8
tack welds, 7.17
weld access holes, 7.16.1, C–7.16.1
weld cleaning, 7.29, C–7.29
weld profiles, 7.23, C–7.23, Fig. 7.4, 

Tables 7.8 and 7.9
weld tabs, 7.30, C–7.30
WPS variables, 7.5, C–7.5

face bends, mechanical testing, 6.10.3.1, 
Fig. 6.8, 6.9, Figs. 6.11 to 6.13

failure
requalification retest, 6.25.1.4
stud weld testing, 9.7.1.5

fatigue
analysis, for strengthening and repair, 

11.3.3, C–11.3.3
cyclically loaded structures, 4.14.2, 

4.16.2, 10.2.3.2, 10.2.3.6, 
C–4.14.2, C–10.2.3.2, C–10.2.3.6, 
Figs. 4.16, C–10.1 to C–10.3, 
Tables 10.1, 10.3 and 10.4

life enhancement methods, 11.4.1, 
C–11.4.1, Fig. C–11.2, Table 
C–11.2

low cycle fatigue, C–14.4.2
redundant-nonredundant members, 

C–14.4.4
stress design parameters, 4.14.1, 

4.17.2.1, Table 4.5
faying surface, 7.21.1.1
filler metals

AWS A5.36 classifications and 
properties, Annex M

prequalified WPSs, 5.6, 5.6.2, C–5.6, 
Tables 5.3, 5.4 and 5.6

strength properties, Annex L
variables testing, 6.28.1, Table 6.9, 

Table 6.16
filler plates

joint configuration, 4.11
thick plates, 4.11.2, Fig. 4.15
thin plates, 4.11.1, Fig. 4.14

fillet welds
allowable stress ranges, 4.16.2, 

C–4.16.2, C–11.4.2
assembly, 7.21.1, C–7.21.1
backing, 4.17.6
break test, 6.23.4, Figs. 6.25, 6.27
common plane, 4.9.3.5, C–4.9.3.5,  

Fig. 4.13
drawing, 4.3.5.2
effective area, 4.4.2, 10.5.2.1
effective throat, 4.4.2.6, Annex A,  

Fig. 4.1
equivalent strength coefficients, 

oblique loading, Table 4.4
holes, 4.4.4, 4.9.4
intermittent, 4.9.5, 7.23.2
joint configuration, 4.9, 7.21.1, C–4.9, 

C–7.21.1
longitudinal, 4.9.1.2, 4.9.2, C–4.9.1.2, 

Fig. 4.10
macroetch test, 6.23.2.1, Figs. 6.25 to 

6.26
maximum weld size, 4.4.2.9, Fig. 4.7
minimum size, 4.4.2.8, 7.13, C–7.13, 

Tables 7.7 and 9.2
positions, test plates, 6.3.4, C–6–3.4, 

Fig. 6.4
prequalified WPSs, 5.4.3, 10.8, Figs. 

5.3, 10.3, 10.5, Table 7.7
profile, 7.23.1, Fig. 7.4, Table 8.1, 

Table 10.15, Tables 7.8–7.9
prohibited joints, 4.18.3
qualification requirements, 6.13, 

6.22.2, C–6.13, Figs. 6.15, 6.22, 
Tables 6.4, 6.11

reinforcement of, 4.4.2.7, Figs. 4.2 to 
4.6, 5.2

repairs, 9.5.5.9

SAW cooling rates, Annex B.3.3, 
B6.1.3, Figs. B.2, B.3

single-pass, filler metals, 5.6.2.1,  
Table 5.4

size and energy input, Annex B6.1.5, 
C–Annex B, Fig. B.4

slots, 4.4.4, 4.9.4
stresses, 4.6.4.1, 4.6.4.2, 10.5.4,  

Table 10.2
stud welding, 9.5.5, C–9.5.5
surface contouring, 4.7.5, C–4.7.5
T-, Y- or K-connections, 10.15, Fig. 

10.16, Tables 10.10 and 10.11
terminations, 4.9.3, 4.9.3.2, 4.17.6, 

C–4.9.3, C–4.9.3.2, C–4.17.6,  
Fig. 4.11

testing methods, 6.13.2, Fig. 6.15, 
10.16, Table 6.4

transverse, 4.9.1.1, C–4.9.1.1, Fig. 4.9, 
Fig. C–4.7

tubular connections, 10.8, 10.15, 10.20, 
Fig.10.5 and 10.6, Table 10.13

visual inspection, 6.10.1.2, Fig. 7.4
WPS qualification, 6.13, 10.13, 

C–6.13, C–10.9, C–10.13,  
Tables 6.4 and 10.11

film equipment, radiographic testing, 
8.18.1.1

film length and width, radiographic 
testing, 8.17.8.1, 8.17.9

film quality, radiographic testing, 8.17.10, 
8.17.11.1, C–8.17

finish methods and values, 7.23.3.2
fit-up tolerances, 5.4.1.8, 5.4.2.7,  

Figs. 5.1 and 5.2
flame cut edges, 4.17.4
flange

centerlines, 7.22.7
warpage and tilt, 7.22.8, C–7.22.8,  

Fig. C–7.7
flare-groove welds

effective size, 4.4.1.4, 4.4.2.7, 
C–4.4.1.4, C–5.2, Figs. 4.5 to 4.6, 
Table 4.1

qualification of, 6.12.4, Fig. 6.29
flat position

groove welds, 4.18.2
plug welds, 7.24.1.1

flush surfaces, groove welds, 7.23.3.1
flux

conditions, 7.3.3.2, 7.4.3, C–7.3.3.2
electrode combinations, 7.3.1.1
reclamation, 7.3.3.3, C–7.3.3.3
stud welding, 9.2.3

Flux Cored Arc Welding (FCAW)
CJP groove joints, 10.10.2.1
electrodes, 7.3.4
power sources, 5.5.4, C–5.5.4
prequalified WPSs, 5.5.1, C–5.5.1
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qualification, 6.8, C–6.8, Table 6.5, 
Table 6.7

shielding gases, 5.6.3, Table 5.7
SMAW joints, 5.4.1.5, 5.4.2.4

Flux Cored Arc Welding-G (FCAW-G), 
shielding gases, 5.6.3, Table 5.7

Flux Cored Arc Welding-S (FCAW-S)
CVN toughness testing, 6.26.1.2, 

C–6.26.1.2
testing procedures, 6.28, Table 6.16

focal law, phased array ultrasonic testing, 
Annex H3.10

foreign materials, 7.14.4, C–7.14.4
forms preparation

qualification procedures, 6.19
sample forms, Annex J
ultrasonic testing, 10.29.8.1
UT equipment qualification and 

inspection, Annex P
Fracture Critical discontinuities, 8.25.8, 

C–8.25.8, Tables 8.2 and 8.3
frequency, ultrasonic testing transducer, 

8.21.7.1
full screen height (FSH), phased array 

ultrasonic testing, Annex H3.10
fusion

backing, 7.9.1.1
incomplete, 7.25.1.3

G
gain control, UT instrument qualification, 

8.21.4, 8.23.2, 8.27.1.5, C–8.23.2
galvanized shapes, 7.16.2, C–7.16.2
Gas Metal Arc Welding (GMAW)

electrodes, 7.3.4, C–Table 5.1
power sources, 5.5.4, C–5.5.4
prequalified WPSs, 5.5.1, C–5.5.1, 

Table C–5.1
qualification, 6.8, 6.15.1, C–6.8,  

Table 6.5, Table 6.7
root pass, 5.5.5
shielding gases, 5.6.3, Table 5.7
SMAW joints, 5.4.1.5, 5.4.2.4

Gas Metal Arc Welding-S (GMAW-S)
CJP groove joints, 10.10.2.1
metal transfer, C–5.5.1, Fig. C–5.3

Gas Tungsten Arc Welding (GTAW), 
qualification, 6.8, 6.15.1, 6.15.1.2, 
C–6.8, Table 6.5, Table 6.7

geometric unsharpness, radiographic 
testing, 8.17.5.1, C–8.17.5.1

girders
camber, 7.22.3, 7.22.4, C–7.22.4,  

Fig. C–7.6, Tables 7.5 and 7.6
depth variation, 7.22.9
straightness, 7.22.2, C–7.22.2
web flatness, Annexes E, F

girth weld alignment, 10.23.1
gouges

grooves, 7.21.5, Figs. 5.1–5.2
limitations, 7.14.8.4

groove welds. See also CJP groove welds, 
flare-groove welds, PJP groove 
welds

dimensions, 7.21.4, 10.23.2, Table 
10.14

double-sided groove preparation, 
5.4.1.4

effective areas, 4.4, 10.5.3
flat position, 4.18.2
gouged grooves, 7.21.5
joint configuration, 4.8, 5.4.1, C–4.8, 

Fig. 4.8, Fig. 5.1
longitudinal, 4.17.2.4
one-sided, 4.18.1
profiles, 7.23.3, Fig. 7.4, Tables 7.8 

and 7.9
radiographic testing (RT), 8.16, C–8.16
single-pass, filler metals, 5.6.2.1,  

Table 5.4
ultrasonic testing (UT), 8.19, C–8.19
unreinforced bevel groove weld, 

4.4.2.7, Fig. 4.2
visual inspection, 6.10.1.1, Fig. 7.4

ground welds, discontinuities, 8.30.2.1
guided bend test jig, 6.10.3.1, Fig. 6.11 to 

6.13

H
hardness requirements, preheat and 

interpass temperatures, 5.7.4, 
Annex B

H&D density, radiographic testing, 
8.17.11.1.1, C–8.17.11.1.1

Heat-affected zone (HAZ)
CVN toughness, C–10.14.4.4
hardness requirements, 5.7.4, Annex B
test values, Fig. C–10.3, Table C–10.7

heat input
calculation methods, 6.8.5.1,  

C–6.8.5
fillet leg size, C–Annex B
maximum heat input, multi-position 

WPSs, 6.8.5.2
quenched and tempered steels, 7.7, 

C–7.7
heat treatment

CVN testing, 6.8.5, C–6.8.5
heat repair temperature limitations, 

7.25.2, C–7.25.2
postweld, 5.9, 7.8.2, 7.8.3, C–5.9, 

Table 7.3
repair and strengthening, 11.5.5, 

C–11.5.5

stress-relief requirements, 7.8,  
Table 7.2

high current testing, stud welds, 9.9.6.1
holes

fillet welds, 4.4.4, 4.9.4
IQI requirements, 8.17.1, 10.27.1, Figs. 

8.4 to 8.9, Tables 8.4 and 10.16
mislocated holes, welded restoration, 

7.25.5, C–7.25.5
weld access holes, 4.7.6, C–4.7.6

horizontal linearity
instrument qualification, 8.23.1, 

8.27.1.4, 8.28.1, C–8.23.1
ultrasonic testing, 8.21.1, Annex G3

horizontal sweep, 8.24.5.1, Annex H, 
C–8.24.5.1, C–Annex H

hydrogen control, preheat requirements, 
Annex B, Table B.1

Hydrogen Induced Cracking (HIC), 
C–7.3.2.1

I
identification mark, radiographic testing, 

8.17.12, C–8.17.12
image enhancement, radiation imaging 

systems, 8.35.3
immediate retest, 6.25.1.1
inaccessibility, ultrasonic testing, 

8.25.5.2, C–8.25.5.2, Table 8.7, 
Table C–8.7

indication rating, ultrasonic testing, 
8.25.6.5, C–8.25.6.5

information aces
for bidders, 8.1.1, C–8.1.1
nondestructive testing personnel, 

8.15.4
inspection

acceptance criteria, 8.7
advanced ultrasonic systems, 8.34
calibration for testing, 8.24, 8.27, 

C–8.24
contract documents, 4.3.5.6, 8.1.2
contractors’ responsibilities, 8.6,  

C–8.6
cyclically loaded structures, 4.19
dB accuracy certification, 8.31
discontinuity size evaluation, 8.29
Engineer’s approval, alternate 

acceptance criteria, 8.8, C–8.8, 
Tables C–8.1 and C–10.15

equipment qualification, 8.23, 8.28, 
C–8.23

extent of testing, 8.15, C–8.15
image enhancement, 8.35.3
incomplete, reporting requirements, 

10.29.8.3
materials and equipment, 8.2, C–8.2
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nondestructive testing, 8.11, 8.14, 8.15, 
8.32, C–8.11, C–8.14, C–8.15

penetrant/particle testing, 8.10
personnel qualification, 8.35.2
prior inspection reports, 8.26.2
procedure qualification, 8.35.1
qualification requirements, 8.20
radiation imaging systems, 8.33, 8.35.4
radiographic testing (RT), 8.12, 8.16, 

8.17, 8.18, C–8.12, C–8.17, 
C–8.18

records, radiation imaging, 8.35.4
reference standards, 8.22, C–8.22
report preparation and disposition, 8.26
scanning patterns, 8.30, Fig. 8.15
scope, 8.1, C–8.1
testing procedures, 8.25, C–8.25
ultrasonic (UT) testing, 8.13, 8.19, 

8.21, 8.27, C–8.13, C–8.19, 
C–8.21

verification, 8.1.2.2
visual weld inspection, 6.10.1, 6.23.1, 

8.9, 11.6.1, C–8.9, Table 8.1, 
Table 10.15

of welder, welding operator and tack 
welder qualifications, 8.4, C–8.4

work and records, 8.5, C–8.5
of WPSs, 8.3, C–8.3

inspector
assistant, 8.1.4.4
categories, 8.1.3, C–8.1.3
contractor inspection by, 1.5.3.1
contractor’s inspector, 8.1.3.1
identification of inspections performed, 

8.5.4, C–8.5.4
items furnished to, 8.1.6, C–8.1.6
qualifications, 8.1.4, C–8.1.4.3
requests from, 8.6.2
responsibilities of, 1.5.3, 8.1.4.8, 

C–1.5.3, C–8.1.5
verification inspection, 1.5.3.2, 8.1.3.2

instantaneous center of rotation, 4.6.4.3, 
C–4.6.4.3

instrument requirements, ultrasonic 
testing, 8.21.3

intermediate stiffeners, 7.22.11.1, 
7.22.11.2

intermittent welds
fillet welds, 4.9.5, 7.23.2
maximum spacing, 4.12.2
PJP groove welds, 4.8.3

internal reflections, ultrasonic testing, 
8.21.7.5, 8.28.3

International Institute of Welding (IIW) 
reference block

calibration of UT unit, 8.27
ultrasonic testing, 8.21.7.7, 8.22.1, 

Annex G, C–8.22.1, Fig. 8.12, 
Fig. 8.13, Fig. C–8.13

interpass temperature requirements
fabrication, 7.6
prequalified WPSs, 5.7, C–5.7
qualification, 6.8.4, Table 5.8
restraint levels, Annex B6.2.4,  

Table B.2
IQI requirements

digital image sensitivity, 8.17.11.2, 
C–8.17.11.2

hole-type requirements, 8.17.1, 
10.27.1, Figs. 8.4 to 8.9,  
Table 8.4, Table 10.16

radiation imaging systems, 8.33.2
radiographic testing, 8.17.7, 10.27.2, 

C–8.17.7, C–10.27.2 Table 10.18
selection and placement, 8.17.7, 

C–8.17.7, Figs. 8.4 to 8.9,  
Table 8.6

single- and double-wall exposures, 
10.28.1.2, 10.28.1.3, Figs.10.26 to 
10.29

wire requirements, 8.17.1, 10.27.1, 
Figs. 8.4 to 8.9, Tables 8.5 and 
10.17

J
J-groove preparation, 5.4.1.4, 5.4.1.9, 

5.4.2.8
joint configuration, 4.7, C–4.7. See also 

specific joints
fillet welds, 4.9, C–4.9
groove welds, 4.8, C–4.8, Fig. 4.8
plug and slot welds, 4.10
preparation, 7.14.6, C–7.14.6
prequalified WPSs, 5.4, C–5.4
prohibited joints and welds, 4.18
T-, Y- or K-tubular connections, 

10.5.2.2, 10.5.3.1, 10.5.3.2,  
Table 10.5

tolerance of dimensions, 7.21, 10.23, 
C–7.21, C–10.23

tubular connections, 10.18.1,  
Figs. 10.21 and 10.22

L
lap joints

configuration, 4.9, Fig. 4.9
maximum weld size, 4.4.2.9, Fig. 4.7
prequalified WPSs, 10.8.1, Figs. 10.3, 

10.5
tension, 4.9.3.2, C–4.9.3.2, Fig. 4.11
tubular connections, 10.5.2.3, Fig. 10.3

linear reference comparators, 
radiographic testing, 8.17.14, 
C–8.17.14

loading points
bearing, 7.22.10, C–7.22.10,  

Fig. C–7.8
deformation, C–4.6.4.2, C–4.6.4.3, 

Figs. C–4.3 to C–4.6
strengthening and repair, 11.3.5, 

C–11.3.5
Local Brittle Zones (LBZ), C–10.14.4.4
longitudinal ultrasonic testing

discontinuity size evaluation, 8.29.1
scanning patterns, 8.30.1
straight-beam search units, 8.21.6, 

C–8.12.6
unit calibration, 8.27.1

longitudinal welds
bend specimen testing, 6.10.3.2, 

C–6.10.3.2
fillet welds, 4.9.1.2, 4.9.2, C–4.9.1.2, 

Fig. 4.10
low current testing, stud welds, 9.9.6.6
low cycle fatigue, C–14.4.2
Lowest Anticipated Service Temperature 

(LAST), tubular connections, 
10.7.2.2, 10.14.4.4, C–10.7.2.2, 
C–10.14.4.4, Table C–10.5 and 
C–10.6

low-hydrogen electrodes
ASTM A514 or A517 steels, 

restrictions, 7.3.2.5, C–7.3.2.5
storage conditions, 7.3.2.1, C–7.3.2.1

M
macroetch test, 6.10.4, Fig. 6.25

acceptance criteria, 6.10.4.2, 6.23.2.2, 
10.21.1.1, Fig. 6.25

flare-groove welds, 6.12.4.2, Fig. 6.29
PJP qualification, 6.12.2.2, Fig. 6.29
plug and fillet welds, 6.23.2.1, Figs. 

6.25 to 6.26
T-, Y- or K-connections, 10.21.1, Figs. 

10.21 to 10.22
welders and welding operators 

qualification, 6.23.2
magnetic particle testing (MT), 8.10
manufacturers

stud welding base qualification 
requirements, 9.9

stud welding ID, 9.2.1.1
matched box connections, 10.9.1.1,  

Figs. 10.5 to 10.7
materials

inspection of, 8.2, C–8.2
stud welding, 9.5.5.2, 9.9.5.1,  

Tables 5.3 and 6.9
trimming, 7.14.7
tubular connections, 10.7, C–10.7, 

Figs. C–10.3 and C–10.4

AWS D1.1/D1.1M:2020	 � INDEX



628628

maximum indication, ultrasonic testing, 
8.25.6.3

maximum weld size
cyclically loaded tubular structures, 

10.2.3.4
fillet welds, 4.4.2.9, Fig. 4.7

measurement units, standard units, 1.2, 
C–1.2

mechanical testing (MT), 6.10.3
procedures and technique, 8.14.4
RT as substitution for, 6.17.1.1

metal deck, stud welding, 9.9.6.3
microscopic intrusions, Fig. C–11.1
mill-induced discontinuities, 7.14.2, 

7.14.5, C–7.14.2, Table 7.4
minimum holding time, 7.8.1, Table 7.2
minimum size, fillet weld, 4.4.2.8, 7.13, 

9.5.5.6, C–7.13, Tables 7.7 and 
9.2

moisture
stud welding, 9.4.4
temperature-moisture content charts, 

Annex D, Figs. D.1 and D.2
multiple electrodes, SAW, 5.5.5, C–Table 

5.1

N
nomograph, dB accuracy, 8.28.2.5
nondestructive testing (NDT)

acceptance criteria, 8.11, C–8.11
contractors’ responsibilities, 8.6.4, 

8.6.5
Engineer’s responsibilities, C–1.5.1(2)
extent of, 8.15, C–8.15
full testing, 8.15.1
general requirements, 8.32
methods, 6.10.2
partial testing, 8.15.2
personnel qualification, 8.14.6, 8.35.2, 

C–8.14.6
procedures, 8.14, 8.35.1, C–8.14
qualifications, 8.35
quality control, 11.6.2
spot testing, 8.15.3
tubular connections, 10.25, C–10.25

non-steel backing, 7.9.3
nontubular connections. See also tubular 

connections
code provisions, C–1.5.1(6)
cross-sectional variations, 7.21.4.1
cyclically loaded structures, 4.13 to 

4.19, 7.9.1.4, 7.22.6.3, C–4.13, 
C–7.9.1.4, Table 4.5

qualification requirements, 6.21, 6.22
statically loaded nontubular structures, 

4.5 to 4.12, 7.22.6.2, C–7.22.6.2
weld tabs, 7.30.2

Z loss dimension, 4.4.2.6, 4.4.3.3, 
Table 4.2

non-waveform-controlled power sources, 
WPSs qualification, 6.9.1

notch toughness
base metals, tubular connections, 

10.7.2, C–10.7.2, Table C–10.1 to 
C–10.4

contract plans, 4.3.2, C–1.5.1(5)
design requirements, welded 

connections, C–4.3.2
limitations, 7.14.8.4
ultrasonic Class X testing, 10.26.1.2, 

Figs. 10.9 and 10.25
notifications, to inspector, 8.1.7, C–8.1.7

O
OEM (Original Equipment Manufacturer) 

applications, C–1.5.1(9)
one-sided groove welds, 4.18.1
overhead position, plug welds, 7.24.1.3
overlap

film, radiographic testing, 8.17.8.2
minimum, fillet welded joints, 4.9.1.1, 

C–4.9.1.1, Fig. 4.9, Fig. C–4–7
repair, 7.25.1.1

P
parallel electrodes, SAW, 5.5.5
Partial Joint Penetration (PJP) groove 

welds
allowable stress ranges, 4.16.2, 

C–4.16.2, C–11.4.2
assembly, 7.21.2, C–7.21.2
drawing, 4.3.5.1
effective areas, 4.4.2.7, 10.5.3.1,  

Figs. 4.2 to 4.6, 5.2, Table 10.5
intermittent welds, 4.8.3
minimum size, 4.4.1.3, 5.4.2.3,  

Table 5.5
prequalified WPSs, 5.4.2, 10.6,  

10.7, 10.9, Fig.10.6, Figs. 5.1  
and 5.2

qualification requirements, 6.12, 
6.22.1, C–6.12, Fig 5.2

stresses, 10.5.4, Table 10.2
T-, Y- or K-connections, 10.15,  

Figs. 10.6 and 10.16, Tables 10.10 
and 10.11

tubular connections, 10.9, 10.15, 10.19
WPS qualification methods, 6.12.1, 

6.12.2, 6.12.3, 10.13, C–10.13, 
Fig. 5.2, Fig. 6.29, Tables 6.3, 6.5 
and 6.6, Tables 10.10, C–6.12.1, 
C–10.9

peening, 7.26, 11.4.1, C–7.26, C–11.4.1, 
Fig. C–11.7

penetrant testing (PT), 8.10, 8.14.5
performance qualification

essential variables, 6.20, C–6.20,  
Fig. C–6.1, Table 6.12

general requirements, 6.16, C–6.16
preparation of forms for, 6.19
production welding, 10.16, C–10.16, 

Tables 10.13, C–10.12
tack welders, 6.2.3.2, 6.16.1.2, 

6.16.2.2, 10.16.2
tubular structures, welding personnel 

qualifications for, 10.11
welders, 6.2.2, 6.2.3.1, 6.16, 6.18, 6.19, 

10.16.1, C–6.2.2, C–6.16, Fig. 
10.23, Fig. C–6.1, Tables 6.10, 
6.11 to 10.13

welding operators, 6.2.2, 6.2.3.1, 6.16, 
6.18, 6.19, 10.16.1, C–6.2.2, 
C–6.16, Fig. 10.23, Fig. C–6.1, 
Tables 6.10, 6.11 to 10.13

weld types for, 6.18, 10.17
personnel requirements. See also welding 

personnel
certification, nondestructive testing, 

8.14.6.2
information access for, 8.15.4
inspections, 8.1.4.1, 8.35.2, C–8.1.4.1, 

C–8.1.4.3
nondestructive testing, 8.14.6, 8.35.2
phased array ultrasonic testing,  

Annex H4
ultrasonic testing, 10.29.2
UT operators, Annex O

Phased array ultrasonic testing (PAUT), 
Annex H, C–Annex H

essential variables, C–8.19.2, Table H.1
plate length, radiographic testing, 8.17.8.1
plug welds

effective area measurements, 4.4.5
fabrication, 7.24.1
joint configuration, 4.10
macroetch tests, 6.23.2.1, Figs. 6.25 to 

6.26
minimum spacing, 4.10.1
prequalified WPSs, 5.4.4, C–5.4.4
qualification requirements, 6.22.3,  

Fig. 6.26, Fig. C–6.1, Table 6.10
porosity

excessive, 7.25.1.3
piping, C–8.19.3

positions of welds
performance qualifications, 6.3.4, 6.4, 

10.11.1, C–6.3.4, C–10.11.1, Fig. 
C–6.1, Figs. 6.1 to 6.4, Figs. 10.11 
to 10.13, Table 6.1, Table 6.10, 
Table 10.8

plug welds, 7.24.1.1, 7.24.1.2, 7.24.1.3
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production positions, 10.12, 10.16, 
C–10.16, Tables 10.8 and 10.12, 
C–10.12

postweld heat treatment (PWHT)
alternative, 7.8.2
prequalified WPSs, 5.9, C–5.9
steels not recommended for, 7.8.3

power
non-waveform-controlled sources, 

6.9.1
total instantaneous power, 6.8.5.3

practice, retesting after, 6.25.1.2
preheat temperature requirements

alternative methods, Annex B,  
C–Annex B

ESW/ESG processes, 7.4.5
fabrication, 7.6
minimum preheat, Annex B6.2.4,  

Table B.2
prequalified WPSs, 5.7, C–5.7
qualification, 6.8.4, Table 5.8
stud welding, 9.5.5.7

pre-production testing, 9.7.1
Prequalification of WPSs. See also 

Qualification
base metals, 5.3, Tables 5.3
butt joints, 10.10.1, C–10.10.1
CJP groove welds, 5.4.1, 10.10, C–5.4, 

C–10.10, Figs. 5.1 and 5.5
contents, Annex K
essential variables for, 5.2.1,  

C–Table 5.2
filler metal and shielding gas, 5.6, 

Table 5.4 Tables 5.6 and 5.7
fillet weld requirements, 5.4.3, 10.8, 

Figs. 5.3, 10.3, 10.5, Table 7.7
general WPS requirements, 5.2, 5.8, 

C–5.8, C–Table 5.2, Fig. 5.6, 
Table 5.8, Tables 5.1 and 5.2

inspection of, 8.3.1
limitation of variables, 5.8.2, Table 5.1
postweld heat treatment, 5.9, C–5.9
preheat and interpass temperature 

requirements, 5.7, C–5.7, Table 5.8
sample forms, Annex J
scope, 5.1, C–5.1, C–Table 5.1
stud welds, 9.6.1, Table 5.3
welding processes, 5.5
weld joints, 5.4, Figs. 5.1 to 5.5, Table 5.5

prequalified joints
detail dimensions, C–4.3.5.4
drawing, 4.3.5.4
plug and slot welds, 4.10.3

procedure qualification record (PWR), 
WPS preparation, 6.7, 6.8.2, 
Tables 6.6, 6.7

production control, stud welding, 9.5.5.1, 
9.7, C–9.7

profile accuracy, 7.14.8.2

Q
QC1 requirements, exemption from, 

8.14.6.3
Qualification

aging of test specimens, 6.3.2
assistant inspector, 8.1.4.5
CJP groove welds, 6.21, Fig. C–6.1, 

Table 6.10
common requirements, WPS and 

Welding Personnel Performance, 
6.3

CVN toughness testing, 6.2.1.3, 6.26, 
6.27, C–6.26, C–6.27

equipment, 8.23, 8.28, C–8.23
essential variables, 6.8, 6.20, C–6.8, 

C–6.20, Fig. C–6.1, Table 6.12, 
Tables 6.7, 6.8

existing non-waveform or waveform 
WPSs, 6.9

FCAW-S testing, 6.28
fillet weld specifications, 6.13, 6.22.2, 

C–6.13, Fig. 6.22, Table 6.4
forms preparation, 6.19
general requirements, 6.2
groove weld specifications, 6.11
inspection of, 8.4, C–8.4
inspection personnel, 8.1.4,  

C–8.1.4.3
lapse of, retesting after, 6.25.1.3
manufacturers’ stud welding  

base qualification requirements, 
9.9

nondestructive testing, 8.35
nondestructive testing personnel, 

8.14.6, C–8.14.6
performance qualification, welding 

personnel, 6.2.2, 6.16, 6.18 to 
6.19, C–6.2.2, C–6.16

PJP groove weld specifications, 6.12, 
C–6.12

plug weld specifications, 6.14
previous performance qualification, 

6.2.2.1, 6.3.1, 6.15.1.3, C–6.2.2.1, 
C–6.15.1.3

production welding positions,  
6.4, 6.9

reporting, 6.29
required tests, 6.17
responsibility, 6.2.1.1, 6.2.2.2, 

C–6.2.1.1
retesting, 6.25
scope, 6.1
slot weld specifications, 6.14
stud application requirements, 9.6, 

9.9.7.2, C–9.6, Fig. 9.5
tack welders, 6.17.2, 6.24, Fig. 6.23, 

Fig 6.27
test categories, 6.5, C–6.5

testing methods and acceptance 
criteria, 6.10, 6.23, 6.24, 10.13, 
C–10.13, Table C–10.9

ultrasonic testing requirements, 8.20
welders and welding operators, 6.17.1, 

6.18, 6.23, Fig. 6.24, Fig. 10.23, 
Figs. 6.8 to 6.10, Fig. 6.14, 6.16 to 
6.17, 6.19 to 6.22, Table 6.11

welding processes requiring, 6.15, 
C–6.15

weld types, 6.6, 6.18
WPS preparations, 6.2.1, 6.7, 6.10, 

10.13, C–10.13, Figs. 6.5 to 6.10, 
6.14, 10.14 and 10.15, Tables 10.9 
to 10.11, C–10.9

quality control tests, 9.3.4, 11.6, C–11.6
film quality, 8.17.10, 8.17.11.1, C–8.17

quenched and tempered steels
heat input, 7.7, C–7.7
plug and slot welds, 4.10.4

R
radiation imaging systems, 8.33
radiographic film, 8.17.4, C–8.17.4
Radiographic testing (RT)

acceptance criteria, 6.10.2.2, 6.23.3.2, 
8.12, C–8.12

artifacts, 8.17.10.1
density limitations, 8.17.11
groove welds in butt joints, 8.16, 

C–8.16
procedures and technique, 6.23.3.1, 

8.14.2, 8.17, C–8.17, Figs. 8.4  
to 8.9

repairs, 7.25.1.1
sources, C–8.17.6
substitution for guided bend tests, 

6.17.1.1
tubular structures, 10.27, 10.28, 

C–10.27, Figs. 8.4 and 8.5,  
Tables 10.16 and 10.17

variations in, 8.16.2, C–8.16.2
welders and welding operators 

qualification, 6.23.3, 10.21.2
WPS qualification, 6.10.2.1

range. See distance calibration
records

of inspection, maintenance of, 8.5.5
inspection of, 8.5, C–8.5
performance test results, 6.3.3
phased array ultrasonic testing, Annex 

H13
radiation imaging systems, 8.35.4
radiographic film/image archive,  

8.18.4
radiographic film/image retention, 

8.18.3, C–8.18.3
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reduced-section tension test, 6.10.3.4, 
6.10.3.5, Fig. 6.10

redundant-nonredundant members, 
C–14.4.4

reentrant corners, 7.15, C–7.15,  
Fig. C–7.1

reference standards
alternative ultrasonic testing, Annex O
CVN toughness testing, 6.26.2, 6.26.3, 

C–6.26, C–6.26.3
documents, Annex S
inspection, 8.22, C–8.22
measurement units, 1.2
ultrasonic testing calibration, 8.27, 

Annex G
WPSs qualification, 6.2.1.2
zero reference level, 8.24.5.2

reflector size, ultrasonic testing, 8.25.5.1, 
10.26.1.1, C–8.25.5.1, Fig. 10.24

reinforcement, 7.25.1.1, 8.17.3, C–8.17.3
reject control calibration, 8.24.1
rejected discontinuities, 8.25.8, 8.25.9, 

Annex O12, C–8.25.8,  
Tables 8.2 and 8.3

repairs, 7.25, C–7.25
base metal, 11.2, C–11.2
contractor options, 7.25.1, C–7.25.1
design for, 11.3, C–11.3
existing structures, 11.1 to 11.6, C–11.1 

to C–11.6
fillet welded studs, 9.5.5.9
removal area, 9.7.5
stud welds, 9.7.3, 9.7.5
ultrasonic testing and, 8.25.10
weld discontinuities, 7.4.6, 7.14.5.2, 

C–7.14.5.2, Table 7.4
replacement, for strengthening and repair, 

11.3.4
reporting requirements

completed reports, 8.26.3
content, 8.26.1
CVN toughness testing, 6.29
inspections, 8.26
phased array ultrasonic testing,  

Annex H13
preparation and disposition of reports, 

8.26
prior inspection reports, 8.26.2
radiographic testing, 8.18.2
retest reports, 8.25.11
specification writing guide, Annex N
ultrasonic testing, 10.29.8, Annex O13

resolution requirements, ultrasonic 
testing, 8.22.3, 8.27.1.3, 8.27.2.5, 
C–8.25.12, Fig. 8.14

restoration, for strengthening and repair, 
11.3.4

restraint, minimization, 7.20.5,  
C–Annex B

retesting, 6.10.5, 6.25
CVN toughness testing, 6.27.8
qualification expiration, 8.4.3, C–8.4.3
reports, 8.25.11
stud welds, 9.9.8
tack welders, 6.25.2, C–8.4.2
welder and welding operators, 6.25.1, 

C–8.4.2
rivets, 4.7.7, C–4.7.7
rolled sections, weld access holes, 

7.16.1.1
rolling directions, qualification testing, 

C–6.5
root openings

correction, 7.21.4.2, C–7.21.4.2
mechanical testing, 6.10.3.1, Fig. 6.8, 

6.9
prequalified WPSs, 5.4.1.7, 5.4.2.6

root pass, 5.5.5, Table C–5.1
roughness requirements, 7.14.8.3, 

C–7.14.8.3
rust, 7.14.3, C–7.14.3

S
Safety and health, Structural Welding 

Code - Steel, safety precautions, 
1.3

safety requirements, radiographic testing 
(RT), 8.17.2

scale, 7.14.3, C–7.14.3
scanning patterns, 8.25.6.1, 8.30, 10.29.5, 

Figs. 8.15, 10.30, Table 8.7
phased array ultrasonic testing, Annex 

H
ultrasonic testing, Annex O

seal welded steel backing, C–8.25.12, 
Fig. C–8.5 and C–8.6

sensitivity
base metal straight-beam testing, 

8.24.4.1, C–8.24.4.1
calibration, 8.27.2.4, 10.29.3.2

sequencing of welds, 7.20.2, 11.5.6, 
C–7.20.2, C–11.5.6

shear wave mode, ultrasonic testing, 
8.27.2

shelf bars
base metal, 7.2.2.2
profiles, 7.23.4

Shielded Metal Arc Welding (SMAW)
CJP groove joints, 10.10.2.1
electrodes, 7.3.2, C–7.3.2
filler metals, 5.6, Table 5.4
joint preparation, GMAW/FCAW, 

5.4.1.5, 5.4.2.4
prequalified WPSs, 5.5.1, C–5.5.1
qualification, 6.8, C–6.8, Table 6.5, 

Table 6.7

temperature-moisture content charts, 
Annex D, Figs. D.1 and D.2

shielding gas
composition requirements, Annex M, 

Table M.5
electrodes, 5.6.3, 7.3.1.3, C–7.3.1.3
prequalified WPSs, 5.6.3, C–5.6, Table 

5.7
shop drawing requirements, 4.3.5
shop splices, 7.19.1.1
shrinkage, control, 7.20, C–7.20
side bends, mechanical testing, 6.10.3.1, 

Fig. 6.8, 6.9, Figs. 6.11 to 6.13
skewed T-joints. See also T-joints

drawing, 4.3.5.2
fillet welds, effective throats, Annex A
measurements, 4.4.3, Fig. 5.4
prequalified WPSs, 5.4.3.2, 5.4.3.3, 

5.4.3.4, Fig. 5.4, Table 7.7.
slag inclusion, 7.25.1.3
slot welds

effective area measurements, 4.4.5
fabrication, 7.24.2
fillet welds as, 4.9.4
joint configuration, 4.10
minimum spacing, 4.10.2
prequalified WPSs, 5.4.4
qualification requirements, 6.22.3,  

Fig. 6.26, Fig. C–6.1, Table 6.10
source-to-subject distance, radiographic 

testing, 8.17.5.2, 8.17.5.3, 
C–8.17.5.2

spacers, 7.2.2.3
spacing requirements, stud welding,  

9.4.5
specific welding requirements, contract 

plans, 4.3.3
specimen preparation

manufacturers’ stud welding base 
qualification requirements, 9.9.5

stud weld testing, 9.6.4
splices

built-up members, 7.19.2
cyclically loaded, 7.19.1.2
shop locations, 7.19.1.1
subassembly, 7.19.1
thick filler plates, 4.11.2, Fig. 4.15
thin filler plates, 4.11.1, Fig. 4.14

statically loaded structures
code provisions, nontubular structures, 

C–1.5.1(6)
girder web flatness, Annex E, 

C–7.22.6.1, Fig. C–7.5
nontubular structures

backing, 7.9.1.5
built-up members, 4.12
discontinuities, 8.12.1, C–8.12.1, 

Fig. 8.1, Figs. C–8.7 and C–8.8
filler plates, 4.11
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fillet weld joint configuration,  
4.9, C–4.9

general requirements, 4.5
groove weld joint configuration, 4.8, 

C–4.8
joint configuration, 4.7
plug and slot weld, joint 

configuration, 4.10
stresses, 4.6
thickness transition, 4.7.5, 4.8.1, 

C–4.8.1, Fig. 4.8
ultrasonic testing, 8.13.1, C–8.13.1, 

Table 8.2
web flatness, 7.22.6.2, C–7.22.6.2

tubular structures, 10.2.1, C–10.2.1
steels. See also quenched and tempered 

steels
ASTM A514 or A517 steels, low-

hydrogen electrodes, 7.3.2.5, 
C–7.3.2.5

backing, 4.17.2.1, 8.25.12, C–8.25.12, 
Table 4.5

base metal qualification, 6.8.3, C–6.8, 
Table 5.3, Tables 6.8 and 6.9

postweld heat treatment, exclusion of, 
7.8.3

zone classification, Annex B5.1,  
Fig. B1

stiffeners
girder web flatness, Annexes E and F, 

C–7.22.6.1, F, Fig. C–7.5
tolerance on, 7.22.11

Stiffeners, transverse welds, 4.9.3.4, 
C–4.9.3.4

storage, consumables, 7.3.1.4
straight-beam search units

base metal testing, 8.24.4
discontinuity size evaluation, 8.29.1
ultrasonic testing, 8.21.6, C–8.12.6

straightness
beams and girders, 7.22.2, C–7.22.2
columns and trusses, 7.22.1

strengthening procedures, existing 
structures, 11.1 to 11.6, C–11.1 to 
C–11.6

stresses. See also allowable stresses
analysis, for strengthening and repair, 

11.3.2
axial stress and bending, 4.15.2
calculated stresses, C–4.6.1, C–4.6.2
calculation, 4.15, C–4.15
cyclically loaded nontubular structures, 

4.15, 4.16
cyclically loaded tubular structures, 

10.2.3.1, 10.2.3.2, 10.2.3.3, 
C–10.2.3.2, C–10.2.3.3, Figs. 
10.1, C–10.1, C–10.3, Tables 10.1 
and 10.3

eccentricity, 4.6.2, C–4.6.2

heat treatment relief, 7.8, C–7.8  
Table 7.2

PJP and fillet welds, 10.5.4, Table 10.2
statically loaded nontubular structures, 

4.6
statically loaded tubular structures, 

10.2.2, C–10.2.2, Table 10.2
stress range threshold, 4.14.1, Table 4.5

allowable ranges, 4.16.2, C–4.16.2, 
C–11.5.2

cyclically loaded tubular connections, 
10.2.3.1

Structural Welding Code - Steel
approval, 1.6
contractor’s responsibilities, 1.5.2
engineer’s responsibilities, 1.5.1
limitations, 1.4
mandatory and nonmandatory 

provisions, 1.7, C–1.7
safety precautions, 1.3
scope, 1.1, C–1.1
standard units of measurement, 1.2
terms and definitions, 3, C–3
welding symbols in, 1.8

Structural Welding Committee, inquiry 
preparation guidelines, Annex T

stud welding
acceptance criteria, 9.4.7, 9.8.3, C.9.4.7
allowable defects, Fig. C–9.1
application qualification requirements, 

9.6, C–9.6
base metal thickness, 9.2.7
bases, 9.2.4
corrective action, 9.8.5
dimension and tolerances, 9.2.1,  

Fig. 9.1
fabrication, 9.4, 9.8, C–9.4
fillet welds, 4.4.2.8, 7.13, 9.5.5.6, 

C–7.13, Tables 7.7 and 9.2
finishes, 9.2.5
flash requirement, 9.7.1.3
general requirements, 9.2, C–9.2
manufacturers’ stud base qualification 

requirements, 9.9
materials, 9.2.6
mechanical requirements, 9.3, C–9.3, 

Table 9.1
production control, 9.5.5.1, 9.7, C–9.7
repairs, 9.5.5.9
scope, 9.1, C–9.1
technique, 9.5, C–9.5
verification inspection, 9.8, C–9.8
visual inspection, 9.8.1

subassembly splices, 7.19.1
Submerged Arc Welding (SAW)

cooling rates, fillet welds, Annex B.3.3, 
B6.1.3, Figs. B.2, B.3

electrodes, 7.3.3
filler metals, 5.6, Table 5.4

fluxes, 7.3.3
multiple electrodes, 5.5.5, C–Table 5.1
parallel electrodes, 5.5.5
preheat and interpass temperatures, 

5.7.3, Table 5.8
prequalified WPSs, 5.5.1, C–5.5.1
qualification, 6.8, C–6.8, Table 6.5, 

Table 6.7
tack weld incorporation, 7.17.5

surface contouring
backing, 4.17.3
fillet welds, 4.7.5, C–4.7.5
stud welding, 9.5.5.3

surface defects, mill-induced, 7.14.2, 
C–7.14.2

susceptibility index, hydrogen control, 
Annex B6.2.3, Table B.1

sweep
base metal straight-beam testing, 

8.24.4.1, C–8.24.4.1
beams and girders, 7.22.5
horizontal, 8.24.5.1, Annex H, 

C–8.24.5.1, C–Annex H
symmetrical cross sections, cyclically 

loaded structures, 4.15.3

T
T-, Y- or K-connections

backing or backgouging, 10.14.3, 
Fig.10.18

CJP groove welds, 10.14.4.2, 
10.14.4.3, 10.18, C–10.18, Figs. 
10.7 to 10.11, 10.17, 10.19 to 
10.22

fatigue improvement, 10.2.3.6, 
C–10.2.3.6, Fig. C–10.2

fillet welds, 10.15, Fig. 10.16, Tables 
10.10 and 10.11

macrotech test, 10.21.1, Figs. 10.21 to 
10.22

material limitations, 10.7.1,  
C–10.7.1

PJP welds, 10.15, Fig. 10.16, Tables 
10.10 and 10.11

prequalified details, 10.5.2.2, 10.5.3.1, 
10.5.3.2, Table 10.5

requirements, 10.10.2, Figs. 10.7 to 
10.11, Tables 10.6 and 10.7

tolerance of joint dimensions, 
10.23.2.1, Table 10.14

ultrasonic Class X testing, 10.26.1.2, 
Figs. 10.9 and 10.25

ultrasonic testing procedure, 10.29.1
weld effective lengths, 10.5.6

tack welders and welding
fabrication processes, 7.17
inspection of qualification, 8.4, C–8.4
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performance qualification, 6.2.3.2, 
6.16.1.2, 6.16.2.2, 10.16.2

required qualification tests, 6.17.2
retesting requirements, 6.25.2
SAW incorporation of, 7.17.5
stud welds, 9.5.5.5
testing methods and acceptance 

criteria, 6.24, Fig. 6.23
temperature requirements

CVN toughness testing, 6.27.5,  
Table 6.14

heat repair temperature limitations, 
7.25.2, C–7.25.2

Lowest Anticipated Service 
Temperature (LAST), 10.7.2.2, 
10.14.4.4, C–10.7.2.2, 
C–10.14.4.4, Table C–10.5 and 
C–10.6

minimum ambient temperature, 7.11.2, 
C–7.11.2, C–11.3

prequalified WPSs, 5.7, C–5.7
shrinkage or distortion, 7.20.6
stud welding, 9.4.4
temperature-moisture content charts, 

Annex D, Figs. D.1 and D.2
tensile strength, reduced-section tension 

specimens, 6.10.3.4, Fig. 6.10
tension testing

AWS A5.36/A5.36M requirements, 
Annex M, Table M.2

loaded plate elements, allowable stress 
ranges, 4.16.2, C–4.16.2, C–11.5.2

stud welding, 9.3.2, 9.6.7.3, 9.9.7.1, 
Fig. 9.2

term of effectiveness, inspectors, 8.1.4.7
testing methods. See also specific testing 

methods
atmospheric exposure time periods, 

7.3.2.3, Table 7.1
calibration for, 8.24, C–8.24
consumables verification test, 6.13.3, 

6.18
CVN toughness testing standards, 

6.26.2, 6.26.3, C–6.26.3
electrode atmospheric time periods, 

7.3.2.3, Table 7.1
fillet welds, 6.13.2, Fig. 6.15, Fig. 

10.16, Table 6.4
Flux Cored Arc Welding-S (FCAW-S), 

6.28
macroetch test, 6.10.4, Fig. 6.25
magnetic particle testing, 8.10
manufacturers’ stud welding base 

qualification requirements, 9.9
mechanical testing, 6.10.3
nondestructive testing, 6.10.2
penetrant testing, 8.10
pre-production testing, 9.7.1
procedures, 8.25, C–8.25

qualification tests, 6.17, 10.13, 
C–10.13, Table C–10.9

quality control tests, 9.3.4
retesting, 6.10.5
specimen preparation, 9.6.4
stud welding, 9.3.2, 9.6.2, 9.6.3, 9.8.2, 

C–9.6.2, Fig. 9.2
tack welders, 6.24, Fig. 6.23
torque test, 9.6.6.2, 9.7.1.3, Fig. 9.3
welders and welding operator 

qualification, 6.23, 10.21
welds, 8.25.6, C–8.25.6, Tables 8.2, 8.3 

and 8.7
weld-through-deck stud specimens, 

9.9.7.3
WPS qualification, 6.2.1, 6.5, 6.7, 6.10, 

8.3.2, 10.13, 10.14, 10.15, C–6.5, 
C–6.10, C–10.13, C–10.14, Figs. 
6.5 to 6.10, 6.14, Table C–10.9, 
Tables 6.2 to 6.4, Tables 10.9 to 
10.11

test plate weld
consumables verification test, 6.13.3.2, 

6.13.3.3, Figs. 6.16 to 6.18
FCAW-S testing, 6.28.2, 6.28.3, 6.28.4, 

Fig. 6.30
fillet welds, 6.3.4, C–6.3.4, Fig. 6.4
groove welds, 6.3.4, C–6–3.4,  

Fig. 6.3
qualification testing, 6.10, 6.21.1, Figs. 

6.6, 6.7, 6.16, 6.19, 6.20
thermal cutting process, 7.14.8
through-thickness loading, base metal, 

4.7.3, C–4.7.3
TIG dressing, 11.5.1, C–11.5.1, Fig. 

C–11.3 to Fig. C–11.6
tilt, flange, 7.22.8, C–7.22.8, Fig. C–7.7
time corrected gain (TCG), phased array 

ultrasonic testing, Annex H3.24
T-joints. See also skewed T-joints

backing, 4.17.2.2, 4.17.3
prequalified WPSs, Fig. 5.5
prohibited joints and welds, 4.18.4
qualification requirements, 6.11.1.1
steel backing, C–8.2, C–8.25.12

toe grinding, 11.5.1, C–11.5.1, Figs. 
C–11.3 to C–11.6

tolerance
dimensional tolerance, welded 

structures, 7.22, C–7.22
fit-up tolerances, 5.4.1.8, Fig. 5.1
groove welds, 7.21.4.1, Fig. 7.3
joint dimensions, 7.21, 10.23, C–7.21, 

C–10.23
on stiffeners, 7.22.11
stud welding, 9.2.1, Fig. 9.1

tools. See equipment
torque test, stud welding, 9.6.6.2, 9.7.1.3, 

Fig. 9.3

total instantaneous energy or power, 
6.8.5.3

training, retesting after, 6.25.1.2
transducers

index point, 8.27.2.1
qualification and calibration, Annex G
ultrasonic testing, 8.21.7.1, 8.21.7.2, 

8.22, 8.27, 8.28, C–8.21.7.2, 
C–8.22, Figs. 8.11, 8.16

transitions, radiographic testing, 
8.17.11.1.2, C–8.17.11.1.2

transitions of thickness or widths
backing, 7.9.1.3, C–7.9.1.2
butt joints, 4.17.1.1, Fig. 4.17
statically loaded nontubular structures, 

4.7.5, 4.8.1, C–4.8.1, Fig. 4.8
tubular connections, 10.6, Fig. 10.4

transverse welds
butt joints, 4.17.5
discontinuities, 8.30.2
fillet welds, 4.9.1.1, C–4.9.1.1, Fig. 

4.9, Fig. C–4.7
stiffeners, 4.9.3.4, C–4.9.3.4

trusses, straightness, 7.22.1
tubular connections. See also nontubular 

connections
acceptance criteria, 10.21
backing, 10.22, C–10.22
CJP groove weld requirements, 10.10, 

10.14, 10.18, C–10.10, C–10.14, 
C–10.18, Figs. 10.17, 10.19 to 
10.22, Figs. 10.19 and 10.20, 
Tables 10.7 and 10.13

cross-sectional variations, 10.23.2.1, 
Table 10.14

cyclically loaded structures, 10.2.3, 
C–10.2.3

design criteria, 10.2
fatigue limitations, 10.2.3.7, 

C–10.2.3.7, Table 10.4
fillet welds, 10.8, 10.15, 10.20, 

Fig.10.5, Table 10.13
identification and parts, Fig.10.2
joint configuration, 10.18.1, Figs. 

10.21 and 10.22
materials, 10.7, C–10.7, Figs. C–10.3 

and C–10.4
nondestructive testing, 10.25, C–10.25
parts, 10.3, C–10.3, Fig. 10.2
PJP groove welds, 10.9, 10.15, 10.19
production welding positions, 10.12, 

10.16, C–10.16, Table 10.8, 
C–10.12

radiographic testing, 10.27, 10.28, 
C–10.27, Figs. 8.4 and 8.5, Tables 
10.16 and 10.17

scope, 10.1, C–10.1
stresses, 10.2.2, C–10.2.2, Table 10.2
symbols, Annex I, Fig. 10.4
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T-, Y-, and K-connections, 10.29, 
C–10.29

testing methods, 10.13, 10.21, 
C–10.13, Table C–10.9

thickness transition, 10.6, Fig. 10.4
tolerance of joint dimensions, 10.23, 

C–10.23
ultrasonic testing, 10.26, 10.29, 

C–10.26, C–10.29
visual inspection, 10.24, Table 10.15
weld design, 10.5
welding personnel performance 

qualification, 10.11, 10.17
WPS requirements, 10.11

tubular structures, statically loaded 
structures, 10.2.1, C–10.2.1

U
U-groove preparation, 5.4.1.4, 5.4.1.9, 

5.4.5.8
ultrasonic testing (UT)

acceptance criteria, 6.10.2.2, 8.13
advanced systems, 8.34
alternative techniques, Annex O
angle criteria, 8.21.7, 8.25.5.2, 

C–8.25.5.2, Table 8.7, Table 
C–8.7

approach distance, search unit, 8.27.2.6
calibration, 8.24, 8.27, 10.29.3, Annex 

G, Annex O
class R criteria, 10.26.1.1, Fig.10.24
class X criteria, 10.26.1.2, Figs. 10.9 

and 10.25
equipment, 8.21, 8.23, C–8.21, C–8.23, 

Table 8.8
equipment qualification and inspection 

forms, Annex P
groove welds, 8.19, C–8.19
indications, 8.13.2.1
phased array, Annex H
procedures, 8.14.3, 8.25, C–8.19.1, 

C–8.25
qualification requirements, 8.20, 8.23, 

Annex G, C–8.23
recalibration, 8.24.3
report preparation and disposition,  

8.26
resolution, 8.22.3, 8.27.1.3, 8.27.2.5, 

Fig. 8.14
retest reports, 8.25.11
scanning patterns, 8.13.2.2, 8.25.6.1, 

8.30, Fig. 8.15, Table 8.2 and 8.3, 
Table 8.7

standards, C–8.19.1
steel backing, 8.25.12, C–8.25.12
T-, Y- or K-connections, 10.29, 

C–10.29

transducer positions, 8.21.7.1, 8.21.7.2, 
8.22, 8.27, 8.28, C–8.21.7.2, 
C–8.22, Figs. 8.11, 8.16

tubular connections, 10.26, 10.29, 
C–10.26, C–10.29

WPS qualification, 6.10.2.1
undercutting, 7.25.1.2
undersize welds, 7.25.1.2
unground welds, discontinuities, 8.30.2.2
Upper Bound Theorem, 10.7, C–10.7, 

Fig. C–10.3

V
verification inspection

Engineer’s responsibilities, C–1.5.1(3)
stud welding, 9.8, C–9.8

vertical position, plug welds, 7.24.1.2
vertical-up welding, prequalified WPSs, 

5.8.1.1
Vickers hardness number, preheat and 

interpass temperatures, 5.7.3, 
Table 5.8

visual acceptance criteria, tack welders, 
6.24.1

visual inspection
acceptance criteria, 8.9, C–8.9, Table 

8.1, Table 10.15
fillet welded studs, 9.5.5.10
procedures, 6.10.1, 6.23.1
quality control, 11.7.1
stud welds, 9.8.1
tubular connections, 10.24, Table 10.15

W
warpage, flange, 7.22.8, C–7.22.8,  

Fig. C–7.7
waveform equipment, production  

welds with non-waveform using, 
6.9.2

weathering steel
ESW/ESG processes, 7.4.7, Table 5.6
prequalified WPSs, 5.6.2, C–5.6.2, 

Table 5.6
unpainted, 4.12.2.3, C–4.12.2.3

web flatness, 7.22.6, C–7.22.6.1,  
Fig. C–7.5

flange centerlines and, 7.22.7
weld access holes

built-up sections, 7.16.1.2, Fig. 7.2
dimension, 7.16.1, C–7.16.1
heavy shapes, 7.16.3, C–7.16.3
rolled sections, 7.16.1.1

Weld bead, prequalified WPSs, 5.8.2.1, 
Fig. 5.6

welders

CJP groove weld qualification plates, 
6.21.1, Figs. 6.16, 6.17 and 6.19 
to 6.21

inspection of qualifications, 8.4, C–8.4
performance qualification, 6.2.2, 

6.2.3.1, 6.16, 6.18, 6.19, 10.16.1, 
C–6.2.2, C–6.16, Fig. 10.23, 
C–6.1, Table 6.10 and 6.11, 10.13

radiographic testing (RT), 6.23.3, 
10.21.2

required qualification tests, 6.17.1, 
Table 16.11

retesting requirements, 6.25.1
testing methods and acceptance 

criteria, 6.23, 10.21
weld types for performance 

qualification, 6.18
WPS qualification, 6.16.3

welding guns, 9.5.3
welding operators

CJP qualification test plates, 6.21.1, 
Fig. 6.16, 6.17, 6.19 to 6.21

inspection of qualifications, 8.4, C–8.4
performance qualification, 6.2.2, 

6.2.3.1, 6.16, 6.18, 6.19, 10.16.1, 
C–6.2.2, C–6.16, Fig. 10.23, Fig. 
C–6.1, Tables 6.10 and 10.13

radiographic testing (RT), 6.23.3, 
10.21.2

required qualification tests, 6.17.1, 
Table 16.11

retesting requirements, 6.25.1
stud welding qualification, 9.7.4
testing methods and acceptance 

criteria, 6.23, 10.21
weld types for performance 

qualification, 6.18
WPS qualification, 6.16.3

welding personnel
common qualification requirements, 

6.3
performance qualification, 6.2.2, 6.16, 

6.18, 6.19, C–6.2.2, C–6.16
tubular structures, performance 

qualifications for, 10.11
Welding Procedure Specifications 

(WPSs)
acceptance criteria and testing 

methods, 6.7, 6.10, 10.13, 
C–10.13, Figs. 6.5 to 6.10, 6.14, 
10.14 and 10.15, C–6.1, Tables 
10.9 to 10.11, C–6.10, C–10.9

common qualification requirements, 
6.3

CVN toughness testing, 6.26.1.1
development of, 5.2, Tables 5.1  

and 5.2
exemption from qualification 

requirements, 1.1
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existing non-waveform or waveform 
WPSs, 6.9

fillet welds, 6.13, 10.13, C–10.13, 
Tables 6.4 and 10.11, C–6.13, 
C–10.9

GMAW-S, 6.15.1.1, Table 6.5
GTAW, 6.15.1.2
inspection of, 8.3, C–8.3
maximum heat input, multi-position 

WPSs, 6.8.5.2
PJP qualification methods, 6.12.1, 

6.12.2, 6.12.3, 10.13, C–6.12.1, 
C–10.9, C–10.13, Fig. 5.2, Fig. 
6.29, Tables 6.3, 6.5 and 6.6, 
Tables 10.10

preparation, 6.7, Annex L, C–6.7
prequalification (See Prequalification 

of WPSs)
qualification testing, 6.2.1, 6.7, 6.10, 

10.13, C–6.5, C–10.9, C–10.13, 
Figs. 6.5 to 6.10, 6.14, 10.14 and 
10.15, C–6.1, Tables 10.9 to 10.11

qualification to other standards, 6.2.1.2
stud welds, 9.6.2, C–9.6.2
tubular structures, 10.11
variables, 7.5, C–7.5
weld types, 6.6
without prequalification, 10.14.4.1, 

Figs.10.20 to 10.22
welding processes

environment, 7.11, C–7.11
equipment, 7.10

miscellaneous, 7.14.8.1
prequalified WPSs, 5.5, C–5.5
starts and stops, 7.4.4

Welding Suitability Guide, Table C–11.1
welding symbols, 1.8

contract documents, 4.3.5.3
tubular connections, Annex I, Fig. 10.4

welds
backing, 7.9.2
cleaning, 7.29, C–7.29
cracks, 7.25.1.4
inaccessibility, unacceptable welds, 

7.25.4
inspection of, 8.5.1
metal, allowable stresses, 4.6.4, Table 4.3
performance qualification, types of, 

6.18, 10.17
profiles, 7.23, 11.5.1, C–7.23, 

C–10.2.3.7, C–11.5.1, Fig. 7.4. 
10.2.3.7, Fig. C–11.2, Table 8.1, 
Table 10.4, 10.15, Table C–11.2, 
Tables 7.8–7.9

progression, 7.20.4
prohibited joints and welds, 4.18
size and length, 4.3.4, 8.5.1, C–4.3.4
testing, 8.25.6, C–8.25.6, Tables 8.2, 

8.3 and 8.7
weld tabs

base metal, 7.2.2.1, Table 5.3, Table 6.9
fabrication, 7.30, C–7.30
radiographic testing (RT), 8.17.3.1, 

C–8.17.3.1

removal, 4.8.4
weld-through-deck stud testing,  

9.9.7.3
width/depth pass limitation, prequalified 

WPSs, 5.8.2.1, C–5.8.2.1
wind velocity, 7.11.1
wire requirements, IQI requirements, 

8.17.1, 10.27.1, Figs. 8.4 to 8.9, 
Tables 8.5 and 10.17

work inspection, 8.5, C–8.5

X
“X” line testing, 8.25.1

Y
“Y” line testing, 8.25.2

Z
zero reference level, ultrasonic testing, 

8.24.5.2
Z-loss allowance

effective throat calculation, 4.4.2.6
prequalified PJP T-, Y-, and K-tubular 

connections, 10.5.3.1,  
Table 10.5

skewed T-joints, 4.4.3.3, Table 4.2
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