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

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

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

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request, in writing,
to the appropriate technical committee. Such requests should be addressed to the American Welding Society, Attention: Managing
Director, Standards Development, 8669 NW 36 St, # 130, Miami, FL 33166 (see Annex P). 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.
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Foreword

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

The original preparation of this specification was undertaken in response to a need for a common welding specification for the
fabrication of steel highway bridges across the country. Prior to its publication, the departments of highways and transportation
that make up the American Association of State Highway and Transportation Officials (AASHTO) had routinely used other
specifications of the American Welding Society (AWS) Structural Welding Committee, with various unique modifications, to
produce contract documents suitable for the construction of bridges. The proliferation of disparate requirements resulted in the need
for a single specification that could facilitate uniformity and improved economy in steel bridge fabrication, while at the same time
addressing the issues of structural integrity and public safety.

The first AWS code for Fusion Welding and Gas Cutting in Building Construction was published in 1928. In 1934, a committee
was appointed to prepare specifications for the design, construction, alteration, and repair of highway and railway bridges. The
first bridge specification was published in 1936. Until 1963, there were separate AWS committees for bridges and buildings. These
two committees joined in 1963 to form the Structural Welding Committee of the American Welding Society. The committee has
since promulgated standards for the application of welding to the design and construction of structures.

The Federal Highway Administration of the United States Department of Transportation requires states using federal funds for
the construction of welded highway bridges to conform to specified standards for design and construction. Conformance to the
AWS Specification for Welded Highway and Railway Bridges was first specified in the third edition of the AASHTO Standard
Specifications for Highway Bridges in 1941. In 1962, the Bureau of Public Roads, now the Federal Highway Administration
(FHWA), required conformance to a Circular Memorandum, dated November 13, 1962, which transmitted additional provisions for
welding A36 steel pending publication of an AWS specification which would contain certain essential provisions not then in the
code. Another Circular Memorandum, dated February 11, 1965, specified requirements for CVN testing, and a further Circular
Memorandum, dated August 19, 1966, modified provisions of the 1966 Edition of AWS D2.0-66, Specification for Welded
Highway and Railway Bridges.

In 1974, AASHTO published the first edition of the Standard Specification for Welding of Structural Steel Highway Bridges.
The Eleventh Edition of the AASHTO Standard Specifications for Highway Bridges, dated 1977, directed “Welding shall
conform to the requirements of the AASHTO Standard Specifications for Welding of Structural Steel Highway Bridges 1974 and
subsequent interim specifications...” AASHTO published the Second and Third editions of the Standard Specifications for Welding
of Structural Steel Highway Bridges in 1977 and 1981. All efthe-AASHTO specifications were required to be part of the
Contract Documents as modifications or additions to the AWS Structural Welding Code—Steel. This was a cumbersome procedure.

In 1982, a subcommittee was formed jointly by AASHTO and AWS, with equal representation from both organizations, to seek
accommodation between the separate and distinct requirements of bridge owners and existing provisions of AWS D1.1/D1.1M. The
Bridge Welding Code is the result of an agreement between AASHTO and AWS to produce a joint AASHTO/AWS Bridge Welding
Code for steel bridges that addresses essential AASHTO needs and makes AASHTO revisions mandatory.

The first edition of the Bridge Welding Code, published in 1988, provided for the qualification of welding procedures by test to
assure that welds have the strength, ductility, and toughness necessary for use in redundant structures. Nonredundant fracture-critical
bridge members were not provided for in the first edition of the code. While qualification of welding procedures is required, a
major effort has been made to specify the minimum number of tests and the simplest tests that give reasonable assurance of
required mechanical properties. Efforts are made to discourage individual States from requiring duplication of weld testing unless
that testing is specified in the bid documents. Special attention is directed to avoidance of unnecessary hardening of base metal
HAZs and the avoidance of hydrogen and other items that can lead to weld or base-metal cracking.

Consequently, while the D1.5-88 document has a superficial resemblance to AWS D1.1/D1.1M in its general format, there are
significant differences that users should be aware of, among them the lack of provisions relating to statically loaded structures,
tubular construction or the modification of existing structures. Users are encouraged to develop their own requirements for these
applications or use existing documents (e.g., AWS D1.1/D1.1M) with the appropriate modifications.
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The evolution of AASHTO/AWS D1.5M/D1.5, Bridge Welding Code, is shown below:

ANSI/AASHTO/AWS D1.5-88 Bridge Welding Code
ANSI/AASHTO/AWS D1.5-95 Bridge Welding Code
ANSI/AASHTO/AWS D1.5-96 Bridge Welding Code
AASHTO/AWS D1.5M/D1.5:2002 Bridge Welding Code
AASHTO/AWS D1.5M/D1.5:2009 Bridge Welding Code
AASHTO/AWS D1.5M/D1.5:2010 Bridge Welding Code
AASHTO/AWS D1.5M/D1.5:2015 Bridge Welding Code
AASHTO/AWS D1.5M/D1.5:2015-AMD1  Bridge Welding Code
AASHTO/AWS D1.5M/D1.5:2020 Bridge Welding Code
AASHTO/AWS D1.5M/D1.5:2025 Bridge Welding Code

Changes in Code Requirements. Underlined text in the clauses, subclauses, tables, figures, or forms indicates a change from the
2020 edition. A vertical line in the margin of a table or figure also indicates a change from the 2020 edition.

The publication of AASHTO/AWS D1.5M/D1.5:2025 was justified by the need to monitor, revise, and update code provisions based
on the needs of AASHTO member states and industry. The following is a list of the most significant revisions in the 2025 edition:

Summary of Changes [TO BE COMPLETED AFTER ALL BALLOTING]
Clause/Table/Figure/Annex Modification
Clause 1
Clause 2
Clause 3
Clause 4
Clause 5
Clause 6
Clause 7
Clause 8
Clause 9
Clause 10
Clause 11
Clause 12
Clause 13
Annex A
Annex B
Annex C
Annex D
Annex E
Annex F
Annex G
Annex H
Annex |
Annex J
Annex K
Annex L
Annex M
Annex N
Annex O
Annex P
Commentary
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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 requirements 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.

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:
https://www.aws.org/standards/page/errata.

Suggestions. Your comments for improving AASHTO/AWS DI1.5M/D1.5:2025, Bridge Welding Code are welcome. Submit

comments to the Managing Director, Standards Development, American Welding Society, 8669 NW 36 St, # 130, Miami, FL
33166; telephone (305) 443-9353; fax (305) 443-5951; e-mail info@aws.org; or via the AWS website <http:// www.aws.org>.

D1.5-E9-DS1 8 of 567 May 2024



\ This is a working document under consideration by the AWS D1 Committee on Structural Welding.
AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
\ Draft documents may change significantly in subsequent versions.

Table of Contents

Page No
POFSONNEL ...ttt ettt e e e e et e e e e et e e e e et e e e e aae e e e aaaaaaean
FOVEWOTA ..ot e et e e et e e e et e e e e tba e e e s taa e e e e ttaeeeettaeee e atbeeeeanabeeeeanrraeann
LISE Of TADIES ..ottt ettt ettt s e st e bt et et e e st e s st e s st e e aseanseessaense e saessaesnseanseetaesseesnnennsennns
LIST Of FUGUFES ..ottt ettt et ettt ettt ettt et et e bt e e bt e s ateeateeabeeab e e bt e bt e bt e satesateenteenbeesseasntesnsenans
LIST OF FOFIS oottt ettt e e tte et e et e e et e et e e s st e e estbeessbaeessaeassseeasseeesssaesssaeassaeeassaeessseenssaesnssaesssesanseeas
1. GeNeEral ProviSIOns .............coocoiiiiiiiiiii ettt e et e e e e e ta e e e estae e e e raeeeenraaaeenns
1.1 PN 07 0) § 723 o) 4 HS SRS SUUUURRPPN
1.2 Bas@ MELAL.......ooiiieiiiiiie e et e e et e et e e e teeeetaeeeteeeerteeeeteeeeareeans
1.3 W ELAINE PrOCESSES. ..euvieeuiieiieiietietie sttt et et et e st e e teebe e bt esteesseessseesseesseessaessaessnesnseanseanseenseenseensnns
1.4 Fabricator REQUITEIMENTS .......c.coiiiiiiiiieieeieete ettt sttt et esaeesaeeeateebeebeenseenaeas
1.5 D INITIONS ....eieieiiie ettt ettt e ettt e e ettt e e e e tte e e e eetaaeeeeeatseeeeaataeeeeaatseeeeaassseeenasbeseeansseaeeanraeaean
1.6 WELAING SYMDOLS ...eeuvieiiiiiicieeiietesee ettt st e bt e teesteesaeesasesabeenseenseensseanseanseenseesens
1.7 SATELY PTECAULIONS .. .eeuiiiiieiieeiie ettt ettt et e st e st e et e et e e bt e bt et e e sbeesbeesaeesneesnseeaes
1.8 Standard Units 0f MEaSUICIMENT ...........cccuiiiiiiiieieeiiiie et eeeee et e et e e et e e e eeate e e e eeareeeeeeveeeeeereas
1.9 Welding Procedure Specifications (WPSS) .....c.cccviiiiiiierieriesieeie ettt sve e ese e ssaeenes
L.1I0 MeEChaniCal TESLINE .....ccueeriiireierieeieeieerteeieesieestesteseteenseesseesseesseessaesssesnseesseeseesseesssesnsesssesssesnsesnseens
1.11 Reference DOCUMENLS. .......ccviiiiiiiie ettt ettt e et e e e ettt e e e e aateeeeeaaeeeeaabaeseeasaeeeennsaeeeas
2. NOrmAative REFEIEIICES .............ooiiiiiiiiiiiiiii ettt e e et e e e e e e e e teee e eereeeeesseeeeesseeeesnsseeaeanssens
3. Terms and DefinitioNS ..o et et e e e e e e ate e e e etre e e e eaareas
4. Design of Welded COMMECTIONS ..........cc.ooiiiiiiiiiiiiiiiiie ettt ettt et et e sbteesbbeesabeesbeeesaees
Part A—General REGUIFEMENLS ...................cc.ccveiueeeieeiieeieecieeeie ettt et e eae s s e ese e st e steeetaeesbeesbeebeenseesssenesas
4.1 DITAWITIES ...eeevieeiiesiieeite ettt ettt ettt e st e et e bt et e e bt e s stesateenseenseenseeseesseesssesnseanseensaessnesnseansesnseenseensens
4.2 DesigNBaste it StIESSES .. cciuiiiiiiiiiie et eeteeeciee ettt e etee et e e steesreeestbeestbeeebaeeeseeenseeessseesssaeeseeessseens
4.3 Effective Weld Areas, Lengths, Throats, and SiZes .........cccccueveiieeiieiienieniesiecie e
Part B—Structur@Ql DELAILS .................ccccooieeeeeeeeeeeeee e
4.4 GENETAL ...t e ettt e e e ettt e e e ettt e e e e eetae e e e etaeeeeetaeeeeataeaeeeattaaeeeatteeaeeatraaeaant
4.5 WELdEd FIIET PIALES ...ttt ettt ettt e e et e e et e e et e eeaaeeeneseenseeeseeeenreeans
4.6 PIP GIOOVE WELS.....uviiiiiieiie ettt ettt et ettt e et e e e aveeeeteeeeaseeserveeeteeesaseeans
Part C—Details of Welded JOINES...............cccooveviiiiiiiiieie ittt ettt ettt et ebeeeaeeeaseeenas
4.7 JOINt QUAIITICATION ......viieiiie ettt ettt ettt et e e e te e e et e e e beeeetaeesasseeesseeereeesaseens
4.8 Details OF FIllet WELAS......cocuviiiiiieee e ettt ee et e et e e eeaaeeeeeaaeeeas
4.9 Details of PIug and SIot WEldS.......ccueiiiiiiiiiiiiiieciieete ettt etre e ve e e taeesabeeetaeeeaeesaree e
.10 LA JOINES c.tteiieiieeiieeie et et e tte s te st sttt et e et e st esteesaaessseesseasseenseesseessaeesseenseenseenseesaesnseanseanseenseeseennes
411 Corner and T-JOINTS ......coouiiiiiiiie e et e et e e e et e e e ettt e e e et e e e e etaeeeeetaeeeeenrees
412 CIP GIroovVe WELAS ...oooieiiiiiieeieee ettt ettt ettt e e e et e e e et e e e e e te e e e eeataeeeeearaeaeenres
413 PJIP Groove WELAS.....ooooueiieeeieetee ettt et ettt e e e et e e tae e et e eetaeeeteeeetteeenreeenns
4.14  Prohibited Types of JOInts and WeldS.........cevcuiriiiiienieriieeieeieeie et
4.15  Combination Of WEIdS........coooiiiiiiiiiii ettt e eet e e et e e e ate e e e e earaee e eenres
4.16  Welds in Combination with Rivets and BOItS ..........c..coooiiiiiiieiiiiecce e
4.17  Connection DELails .......c..oooiiiiiuiiiiiiiciie ettt et ettt e te e e e ree e rreeeareeenns

D1.5-E9-DS1 9 of 567 May 2024



W\ This is a working document under consideration by the AWS D1 Committee on Structural Welding.

AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
\ Draft documents may change significantly in subsequent versions.
5. WOrKMAanShiP ...c..ooooiiiiii ettt st e
5.1 General REQUITEIMENTS ....cc.veiuiiiiiiiieieeieeseeste st e e eveete et et e eaestbessseesseesseessaesssesssesssesssessseessessseens
5.2 Preparation 0f Base MEtal.........ccvecieiieiiiiiicieeieeeesee ettt snse e taessaesseeseeseennnes
53 F TS 141 0] OSSR
5.4 Control of Distortion and SHrinKaZE ...........cccviiiiiiiiiieiii ittt e e e eaeesree e svee e
5.5 DiIimensional TOLETANCES .....c..eeuieuiriieietieeeeete ettt tete sttt te e eteente bt e st etesse et e stesseensesseenteneenseeneensenne
5.6 WELA PTOTILES ...ttt sttt b et sttt et s be et e b e e
5.7 REPAITS ...ttt e ettt e st e e et e e etbeeeabeeestae e sbeeestaeeatbeeanseeentbeeesbeeetaeeassaeantaeennreens
5.8 POEIING ...c.vtieiiciiecee ettt ettt e st e st e e b e e s b e e bt e bt e tbeetaearbeer b e e b e e tbeeraeenreenreerteentaeenn
5.9 CAULKING ..ottt et e ettt et e st e s et e ssteesseesseessaessaessaessseanseanseanseenseesssesnsesnseensesnsenns
S.10 0 ATC SHIKES ....vvieiiie ettt ettt ettt e et e e e tb e e e be e e ta e e e be e e tbe e et e e e taeeetbeeetbeeaareeenraeeanreeenres
T Y o] 1o B O] 1< 13 VOSSPSR
512 Weld TETMINATION «..eouvitiiiieieiteeitete ettt ettt sttt et bt et b e et et e s bt et e stesbeenbesbeesee bt eaeeneenne
503 Weld BaCKING .. .eeiiiiiiiie ettt ettt ettt e bt e et e e et e et e eabe e bt e satesaeeeneeeteeneens
6. TECRIIQUE ... ittt e ettt ettt e st e e sateeesnbeessseeesaeesnsaeessaeeanseesnseeennseennnns
Part A—General REGUIFEIMENLS ............c..ccueeueiiieiieee ettt este et et ete ettt e bt et esbtesbeesateeateeteenbeesseesseesaeeeans
6.1 Filler Metal REQUITEIMENLS..........ccvveriieriierieiieeteetieieesteeseesaesereesbeesseessaessaesssessseasseessaesseasseessessseessss
6.2 Preheat and Interpass Temperature ReqUITEMENtS ...........cceeverierieiciieiiieieeeenie e eee e
6.3 Heat Input Control for Grade HPS 690W [HPS 100W] Steel........cccovveviiieiiieiiecieceeceeeee e
6.4 Stress Relief Heat TreatmMent. .........oouiiiiiiiiiieiieeeeee ettt sttt st st
Part B—Shielded Metal Arc Welding (SMAW) .......cccueieiiiieeeeee ettt
6.5 Electrodes TOr SIMAW ..ottt sttt ettt e s bt e shee st eab e e b e e beenbeenbeas
6.6 Procedures fOT SIMAW ... ettt ettt ettt b ettt te bt ente bt et e e
Part C—Submerged Arc Welding (SAW) .......coceeieiiieeeee ettt ettt sttt ettt et e
6.7 General REQUITEIMENTS .......ceiiiiiiiiieiieieereeseeste et ete e e et estaessaessseesseessaessaesseesssesssesssessseessessenns
6.8 Electrodes and FIUXes fOT SAW .......ooiiiiiiiieiece ettt sttt sae s e
6.9 Procedures for SAW with a Single Electrode ...........cocoeieiiiiiiiiiiiece e
6.10  Procedures for SAW with Parallel and Multiple Electrodes ...........cccccveveiiiiviiieniieicieeie e
Part D—Gas Metal Arc Welding (GMAW) and Flux Cored Arc Welding (FCAW) .....cccovvvvvevivenieneeeieeennn,
6.11  GMAW/FCAW EIECIIOAES .....eeeieniiieieieieeiiee ettt ettt ettt ettt eae et eseesteeneeeeeneeneeee e
6.12  ShICIAING GAS ...veevieiiiieiieiieieeitesee e ste et et e e bt este e teesseeasseasseesseessaesseesssesssessseanseesseesssessseessensessenns
6.13  Procedures for GMAW and FCAW with a Single Electrode..........c.ccoceveninnininiinininicninceeene
Part E—Electrogas Welding (EGW) ........uuocueeeieeeieeecee ettt eettesttesstteesteesseessseesssaesssaeessseesssessssesssseesseenns
6.14  Qualification of Process, WPSs, and Joint Details............ccccoeeeiiiiiiiiiiiiiic e
6.15  Condition of Electrodes and Guide TUDES...........ccceeriiiiiiiiiiieiet e e
6.160  SHICIAING GAS ...veevieiiiiiieiie ettt et et et e s be st e e b e esbeebeesteestaesssesssessseasseasssesssesssessssesssesssessseasseassenns
6.17  Procedures for EGW ......c.ooiie ettt ettt et e
Part F—Electroslag WeldiNng (ESW) ... e ectte ettt eetteestteesveassateeseseesvaaessaessseaessseasssesssseesssesssees
6.18  Qualification of Processes, WPSs, and Joint Details .............ccoceeeiiiieiiiiiiieieieeeiee e
6.19  Condition of Electrodes and Consumable GUIdes.............cceierriieeeiiieiiieiiiecree et
6.20  Condition OF FIUX ..couiiiiiiiiiiiieit ettt ettt e bt et esbte s sbtesateeseeenteeneeens
6.21  Consumable Guide Electrical INSUIAtOTS ..........cooieiiiriieieieieee et
6.22  Procedures fOr ESW ... ettt sttt

D1.5-E9-DS1 10 of 567 May 2024



W\ This is a working document under consideration by the AWS D1 Committee on Structural Welding.

AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
\ Draft documents may change significantly in subsequent versions.
Part G—PIug and SIOt WIS ............cocuooiiiiiiiiiiiiiiiiiieiiie ettt sttt
0.23  PIUZ WELAS ..vioerieiieiecee ettt ettt ettt e e b e e b e e baestaestbessbeesbeesbeestee st essbeetbeesseenbeenraens
0.24  SLIOT WELAS ...ttt ettt b ettt e h et b et es et bt et e bt eae et e
6.25  Plug and SI0t WELdS ......cooiieiieiieiieee ettt ettt ettt ettt et sbt e et enteeteereen
Part H—Control of Production Welding Variables ..............cccceeveeeiecieciesiesiesieesieesiressseesseesseesseesnesnesens
0.20  TOSS .ottt sttt et e h e e bt b e s at e et e bt e bt e nbeesbe e et e eteeteent
6.27  Control Of Variables .......cccuoiiiiiiiieiee ettt st et
6.28  Calibration of EQUIPIMENL ......cciiiiiiiiiiiieiteiteee st e et eteesieestaeseveesbeesbeessaesssesssesssesssessseesseessenns
6.29  CUITENE COMIOL ..ottt ettt b ettt et e s bt et et s bt et e sbeesee bt sbeenee e
7. QUALITICALION ...t ettt e e et e e e e bt e e e e etae e e e etaeeeeetaeeeeearaeeaeanes
7.0 1o ] oL OSSR
Part A—Welding Procedure Specification (WPS) QUALIfICALION ............coeeeueeecuieiciiieeiieeciieecieesveeeereeenveens
7.1 F N o] 01001 Y DO PPN
7.2 Qualification ReSPONSIDIIILY ........cccuiiiiiiriieiieiieeie ettt et te e te e e ssaesnseenseenseenseenseens
7.3 DIUTALION. ...ttt et ettt e et e e s e e e b e e eteeesebeeesaaeessaeesseeesseasssaesnsssesssasasseesssaeensseesssenns
7.4 ST T\ (<] 1 TSRS
7.5 Welding ConSUMADIES......cc.veiiiieiiiieiiieieerieerte e ete ettt et e bt e sseestaeeseeenseesaessaessaesssesnsesnseenseenseessnes
7.6 TSt P1ate TRICKINESS ... .eiuiiiiiiieiiieeiee ettt ettt e et e e e b e e eteeetbeeeebeeestaeessbeessseeensseesaseanns
7.7 General Requirements for WPS QualifiCation ..........ccceeviiiiiieeciiieniie ettt
7.8 POSTHON OF TSt WELAS ...ttt ettt ettt ettt
7.9 Options for WPS Qualification or Prequalification............cccceeeviieriiieiiiiiiiie et
7.10  Fillet Weld WPS QUalifiCation...........cocuiiiieiiiiiecciiie ettt e eet e e et e e et e e et e e e eareis
T Prequalified WPS ...ttt ettt e et e et e e s taesteestaessbeesseesseesseesssessseesseenseensaens
7.12 Heat Input QUAlifICATIONS ....ccueeieiiiiieiieiiecie sttt ettt st e et eete e beesseesseesasesnsesasesnseenseenseens
713 Electrogas WELdING ......c.ooiuieiiiiiiiiiee ettt ettt sttt e b e sbe e s bt e satesateeneeenteeeeens
7.14  Electroslag WEldInNg .......cocveiiiiiiiiieiieieeree st ste sttt ettt e e e e seaessbeesbeessaessaessaesssesssessseesseenseessenns
715  Type of Tests and PUIPOSE ....cc.eevuiriiriiiiiiiiieiee ettt sttt st
7.16  Weld Specimens—Number, Type, and Preparation.............cccceeveerieriiiiiriiiieiiieseereentesee e
7.17  Nondestructive TeSting (NDT)....cccueiicuiiiiiiiiie ettt ettt eetaeesreeeeaeessbeesssaeesseessseeenses
7.18  Method of TEStING SPECIMENS ....ecvvveieieeiieiieiieieesierreeeteereereesteesseesseessaessseasseesseesseesssesssessseessesssenns
7.19  Test ReSults REQUITEA......cccviiiiiiieiieiteeecee ettt ettt st et e e et e e saeesseesnbesatesneeeneeenseenseens
T 200 REEESES ..eeeuteetietieitie ettt ettt ettt e b e bt e s b e s bt e bt e a bt et e e bt e e bt e e bt e sht e ea bt e bt e bt e bt e nbe e e bt e ebeeeteenbeen
Part B— Welder, Welding Operator, and Tack Welder Qualification...............cccoccvveveceeceenivenieenieeninesnennns
7.21  General REQUITEIMENES ......c.eeiuiiiiiiiiieie ettt ettt et e sttt e sateeateebe e bt esseesneesnsesntesnseenseenseens
7.22  Production Welding Positions QUalified............ccceeeeuiiiiiiiiiiieiiicciie et
7.23  Qualification Tests REQUITEA.........ceevieeriierieriierie ettt st see e eteebeetaesseesseesnsesnseesseenseensaens
7.24  Limitations Of VariablesS........cccuiiiiuiiiiiiiiiieciiee ettt et e et v e eaa e e s tbeeeabeeearaeesabeeenes
7.25  Test Specimens: Number, Type, and Preparation ...........cccceeecveeeriieeiieesiie e e eree e s
7.26  Method of TEStING SPECIMENS ....eccuveiiiirierieiieieesierreeteereesseesteesteestresssessseesseesseesseesssesssessseesseessenns
7.27  Test ReSults REQUITEA......ccveiiiiiiiiieiierieecie sttt ettt et e et e e taessaessaesnsesnsessseesseenseenseens
B T N 11 1 PP P PP

D1.5-E9-DS1 11 of 567 May 2024



\ This is a working document under consideration by the AWS D1 Committee on Structural Welding.
AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
\ Draft documents may change significantly in subsequent versions.

8. IMSPECLION ...ttt ettt e b et e et e e bt e e sat e e s bt e e sabeesabeeebteeeabaeenabeeeas
Part A—General REGUIFEIMENLS ............cc.ccveeeerveireiieeiieesieesieesseestessessseaseaseessaesssesssesssesssessseessesssessssesssesnns
8.1 (€151 1<) -1 U STUPTUPRUPURRSRRI
8.2 INSPECtion OF MAtEIIalS......ccccviiiiiiiiii ettt e te et e e te e e sabeesabeeestbeessseeesssaeessseesaseenns
8.3 Inspection of WPS Qualification and EQUIPMENt ..........ccceevieviirciinciieiieeeriesee e
8.4 Inspection of Welder, Welding Operator, and Tack Welder Qualifications ...........cccceevvvevvervenenennen.
8.5 Inspection of Work and RECOTAS ........ccuiiiiiieiiiiiieciie ettt et e s e e ae e s e e et aeesasee e
8.6 ODbligations Of the CONIIACLOT .........c.cccueerieerieeriieriertesreeteereesteesseesreessaesssesssessseasseesseesseesssessseessessseens
8.7 Nondestructive TeSting (NDT).....cocviiieriiriieeiteieeieesteree et see et ete e teessaessaesnsesnsesnseeseenseensnes
Part B—Radiographic Testing (RT) of Groove Welds in Butt JOINLS ............ccoueevvuieeeuieeeieenieeecreeenveeeeseeenenens
8.8 EXEENE Of TOSTNE ...vveeuieeiiesiieeiieeie ettt ettt e st este et e e et esaeesaeessseenseenseessaessaessaesnsesnsesnseenseenseensnes
8.9 (€151 1<) -1 OO STUPTUPRUPSURSRI
.10 RT PrOCEAUIE. ...cc..eitiiiie ittt ettt ettt e bt e bt e s bt e s e et eat e e teenbeesbeesaeesateeaee
.11  AcCeptabIlity OF WEldS...couveviiiieeiieiieiiee ettt ettt te e s e s tae st e e b e esb e e sa e saessaessaeseaensnessseanns
8.12  Examination, Report, and Disposition of Radiographs ...........ccccevievieriirciiiciiiiieieeeee e
Part C—Ultrasonic Testing (UT) of GrOOVE WeldS ..........cccvuevcueeciecrieciieciesiesieseesee e eseesseessaesaesenessne e
T I T € 1<) 1T ¢ | OO OSSOSO
.14 EXLENE OF TESTINE .eeruriiieiiietieitieet ettt ettt ettt et et e bt e bt e bt e s st e s atesateemteense e beesbeesaeesneesaseenne
815 UT EQUIPIMENL ...eiiiiiiiiiiieiiieeetieeriteeeteeetteeseveeeteeeseaeeesseeessseessseeassseessseesssseasssessssessssseesssesessseessseeenssees
8.16  Reference Standards ..........cooooieieiiiieeee ettt sttt e et be e ee e
8.17  Equipment QUAlITICAtION ......cc.eiiiiiiiiiieciieciie et eetee ettt ete e et eeeveeesaaeesebeeestbeesaseeensesesseesnseeensseas
8.18  Calibration fOr TESTINE ....ccuvieiiiiiiieeeiieetieeteesteeeee st e et e et e e sbeeetaeessseessseeessseessseeesseeesssessnseeensses
B.19  TeEStNG PrOCEAUIES .....cviiviieiieiieeieciecte et ettt e st e st e stteesbeesbe e teettesssessseasseesseessaessaessaessnesssessseanns
8.20  Preparation and Disposition 0f REPOTLS........ceeciiriiriiiiiiiieit ettt s
8.21  Calibration of the UT Unit with IIW or Other Approved Reference Blocks ..........cccccevvivviiininennnnn.
8.22  Equipment Qualification ProCEAUIES...........cccueviiiriieiieiieiie ettt ere e raesreesenesenesnne e
8.23  Discontinuity Size Evaluation Procedures ............ccocovieriiniiiiniiiiiteeeeee e
8.24  SCANNING PAIEIIIS ... .eeiiiiiiiieieetiet ettt ettt ettt e b e b e s bt e s bt e sateeateenbe e beesbeesaeesneeeateenee
8.25  Examples of dB Accuracy CertifiCation...........cccuveicuieiiiieriieeieeetiesiee et eeree e sree e e ssreesneeeneas
Part D—Weld AcCCePIANCe CFILETIA ......c.coueeeiieieiisiiiieiesieeeie ettt sttt sttt ettt et
8.20  QUALILY OF WIS ...viieiiiieiie ettt ettt et e et e e st e e esta e e sbaessseeessseessseessseeesseesnssennssean
9. SEUA WEIAING ..ottt sttt ettt sb e s e e e sanesneens
9.1 o0 51 USRS PRR
9.2 General REQUITEIMENLS ... ..ccviiiiieiiiieeiie et eeteeetee et e e srteetee e tbeesstaeestseessseeassaeessseesssaeesseesssseesssesnnsns
9.3 Mechanical REQUITEIMENLS ..........c.oecuiiriieiiiiierie ettt ettt ettt st e eatesateeteeteesseesseesseesnees
9.4 WOTKIMANSHIP ..veiiiiiiiiiecie ettt ettt e e st e et e et e e estee e taeesabeassseeessseesnsseesssesessseesnsenans
9.5 TECRNIQUE ..ottt ettt et et e s tbe s ebeesbeesbeebe e taessbeesbeesseessaessaesssessseesseasseesseesssensnas
9.6 Stud Application Qualification REqUITEMENTS...........cceeviiriiriieiiieieeieereesee e
9.7 Production COMNMIOL.........ieiiieiieiieie ettt ettt et ettt s e sat e st e enteebeesbeesneesaseenbeeseanseesnnas
9.8 INSPECtioN REQUITEIMENLS ....c..viiiiiiiiiieciieeeiieeeieeeieeeeteeeette e sttt e sbee e tbeesebeaessaeessseeesseeensseassseeessseesssenans
10. Tubular Structures (No Applications within this code) ........ccceceeviriiiininiiiinceee
11. Strengthening and Repairing Existing Structures (No Applications within this code)................

D1.5-E9-DS1 12 of 567 May 2024



\ This is a working document under consideration by the AWS D1 Committee on Structural Welding.
AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
\ Draft documents may change significantly in subsequent versions.

12. AASHTO/AWS FRACTURE CONTROL PLAN (FCP) for Nonredundant Members............
12,1 GENEIal PrOVISIONS ...oviiiiitieiieie ittt sttt et e e e bt et e st e eme e aesseeneesseeseenteeseensesseeneennens
12.2 DEIIMIIONS ettt ettt ettt a et bt et s bt et e et sbt et e s bt este bt es b et e ebeenbenteeneentea
12.3  CONIaCt DOCUIMENLS ......vviieeiiiieeeiiieeeeiiie e e ettt e e et eeeestbee e e aaeeeesssaaeeessssaeeessssaeeesssseeeessssseesenssseessnssees
12.4  Base Metal REQUITEIMENLS. ......cc.uiiiiiieiiieiiieeiee it e eteeestteesteeeteeesreessaaeetseessseeessseessseeanssesnsseesssesenses
12,5 WEldiNg PrOCESSES. ...uuiiiiiiiiiieiieesiieeite et ete et et et e staesebeesbeesbeeseessaesssessseasseesseesseesssesssessseesseessanssenns
12.6  Consumable REQUITEIMENLS..........eccviriiieriieriieniertesteete et eteesteesteeseaeseseesseesseesseesseesssesssesssesssenseensenns
12.7  Welding Procedure Specification (WPS) ......coooiiioiiiiiiieeis ettt
12.8  Certification and QUAlIfICAtION ..........ccuiiiuiiiitie ettt ettt et e e et e e taeeteeeeavee e
12.9  As-Received Inspection 0f Base Metal .........cccoocuvviieiiiiiiiiieicieseeee et
1210 TRermal CULLING ....veetieieieitieeiie ettt ettt ettt et et e e bt e s bt e saeesateeateeateebeesseeeseesmsesneesneeeneeenseeseens
12.11  Repair 0f BaSe IMEtal.......ccccuiiiiiiiciiecieccee sttt ettt e s aae et e e eete e e seseeessaesnsaeensseesssaeennns
12.12  Straightening, Curving, and CamDEIINE .........ceecveriierierierieeieeieeieeieesieeseesresaeeseeseeseessneseenseens
12.13  Tack Welds and Temporary Welds .........coceeiiiiiiiiiiie ettt
12.14 Preheat and Interpass Temperature CONtrol ...........cccviiriieiiiieeriieeiee ettt esre e e eereesereeeree e
12.15 Hydrogen Diffusion PostheatPestweld-ThermalTreatments .......cccevvvieciiecrieeeeeeesee e
1216 Weld INSPECHION......eetieiieiiesiieeie et et et e sitestestesbeesbeesseesseesseessaessseasseasseessaesseesseesssesssesssesssennseensenns
12,17 REPAT WELAINE ...eeeiiiiiniiiiieieieetee ettt ettt ettt e b e s bt et s bt et et sbeeaaesbeeaeenben
Annex A (Normative)—Effective TRIOAL ............oooviiiiiieiii ettt e e e e
Annex B (Normative)—Effective Throats of Fillet Welds in Skewed T-JOINts ..........ccceeeeviieiiieniieeieeieens
Annex C (Normative)—Flatness of Girder Webs—Bridges..........ccccueeriiiriieiiiienie et
Annex D (Normative}—Manufacturer’s Stud Base Qualification Requirements.............ccceeeveevveerreenieerenennnn.
Annex E (Normative)—Part A—Qualification and Calibration of the UT Unit with Other Approved
Reference BIOCKS. .......ooiiiiiiiiiee et
Part B—UT Equipment Qualification Procedures ............ccccevevvrviievienierienvennenenn.
Annex F (Normative)—Guidelines on Alternative Methods for Determining Preheat.............cccoeevveieeneennen.

Annex G (Normative)—Welding Requirements for Conventional, Nonfracture-Critical M 270M/M 270
(A709/A709M) HPS 485W [HPS 70W] Components with Reduced Preheat and
Interpass TeMPETAtUTE .........eeiiiiiiiiiiiiee ettt e e s
Annex H (Normative)—ESW Consumable ReqUir€ments ............cccceereerieiieiieeiieeie e
Annex | (Normative)—Guidelines for the Acceptance of Alternative ESW Processes.......c..ccocceevienieneennen.
Annex J (Normative)—Advanced Ultrasonic EXamination.............cceceeeeierienieieneneeiese e
Annex K (Normative)—Weld Quality Requirements for Tension JOINts ..........ccceeveveerieerieeneeneeneeseeneeene
Annex L (Informative)—Description of Common Weld and Base Metal Discontinuities..........cc.ccceceeeueenee.
Annex M (Informative)—Short Circuiting Transfer............ccooieriiiriiiieieeee e
Annex N (Informative)—Suggested Sample Welding FOrms.........cccovvivveiiriiiiiiieiiereesieesee e
Annex O (Informative)—Guide for Use of Electroslag Welding—Narrow Gap (ESW-NG) .......cccccceeeenee.
Annex P (Informative)—Requesting an Official Interpretation on this Joint AASHTO/AWS Standard.......

Commentary on Bridge Welding COde...............occooveiiiiiiiiiiiiiieeee ettt sttt ettt
FEOF@WOFA ...ttt ettt st h e et b et s ae e st

D1.5-E9-DS1 13 of 567 May 2024



W\ This is a working document under consideration by the AWS D1 Committee on Structural Welding.

AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
\ Draft documents may change significantly in subsequent versions.
List of Tables
Tables Page No.
4.1 MiINIMUM FIIIEt WELA SIZE .....ceiiiiiiiiieee ettt b bt b et b et et e bt eb e e bt et e b et et e st e st e bt et e et et et e e eneas
4.2 Minimum Effective Weld Size for PJP Groove Welds
4.3 Size of Flare-Groove Welds Filled Flush (see 4.3.1.4)
5.1 Limits on Acceptability and Repair of Cut Edge Discontinuities 0f Material ..........ccccoiriieriiiininiieneiieeetesestee ettt
5.2 Camber Tolerance for Typical Girder..........ccccoecieverieninienienieeceeeeeeee
53 Camber Tolerance for Girders without a Designed Concrete Haunch
6.1 Matching FIller MEtals fOI WPSS ......ouieiieiieieeiiee ettt ettt ettt e e e et et e et e e tesat e bees e e seese e beenteseeseenseentenseentenbeentenseentenseensanes
6.2 Filler Metal Requirements for Exposed Bare Application of M 270M/M 270 (A709/A709M) Gr. 345W [50W] and Gr. HPS 345W
[HPS SOW] Steels......covveiriniiiiriirieinieireeiceceeeeeenaes
6.3 Minimum Preheat and Interpass Temperature, °C [°F].....
6.4 Maximum Preheat and Interpass Temperature, °C [°F] ....
6.54 Minimum Holding Time..........ccccecueeeen.
6.65 Alternate Stress-Relief Heat Treatment..........cooovvevvveeiiiiiiieieeeeeceieieeeeeeeene
6.76 Allowable Atmospheric Exposure of Low-Hydrogen SMAW EIECtrodes..........cc.ccuririririiiieiiiieneneteteitet sttt
6.87 ReqUITEd VOItae fO1 ESW ..ottt et ettt et et et e st e et e e bt eateset e bt es e e seesee bt eat et e este bt enteseentenbeentenseentenseensanee
7.1 Base Metal Options for WPS Qualification Test Plates [AASHTO M 270M/M 270 (ASTM A709/A709M) Grades
7.2 AASHTO and ASTM Equivalent Base Metal GIades ...........ccevuieeieriieiieriieieriieiesieetesteete e stestessaestesseesseesaessesseesseessessesssessesssessesssessesssens
7.3 Test Requirements for WPSs Qualified in Conformance With 5.12 ......c.cooiiiiiiiiiie e
7.4 WPS Qualification Requirements for Consumables
7.5 WPS Qualification or PrequalifiCation OPtIONS..........ci.eeruiruieitereeieiteet ettt et ettt ettt et sbt e bestt e te e bt e sbeeatentesbeenbeestenbeeatenbeeatenbesntenbeennenee
7.6 POR-Essential Variable Changes for WPSs Qualified per 75.12.54 0T 7.10..c.coiuiiiiiiriieieee ettt sttt sttt ettt
7.7 Additional PQR Essential Variable Changes Requiring WPS Requalification for EGW ...
7.8 PQR Essential Variable Changes Requiring WPS Requalification for ESW........c..cccoiiiiiiniiiiiiiiccn et
7.9 Required Number of Test Specimens—WPS QUAlITICALION .....eeuiivirieiiiieiieiieie ettt sttt ettt et esbe et e sbeentesteeneesbeennenee
7.10 Welder Qualification—Type and Position Limitations
7.11 Number and Type of Specimens and Range of Thickness Qualified—Welder and Welding Operator Qualification............cc.cecevevveruenene.
7.12 Amperage Limits for Heat Input Welding Procedure QUalifiCation ............cocoiiriiiieiiiiiiirieee et
8.1 NDT Methods and Frequency..........coceeerereneeeieeneneeeeeeceie e
8.2 Hole-Type IQI Requirements ......
8.2A Wire I1QI Requirements................
8.3 Testing AN ....oovevveriiriiiiiiiecrereee e
8.4 UT Acceptance-Rejection Criteria-Tensile Stress ...........
8.5 UT Acceptance-Rejection Criteria-Compressive Stress ...
9.1 Mechanical Property Requirements for Studs...................
9.2 Minimum Fillet Weld Size for Small Diameter Studs.........
12.1 CVN Test Values of Weld Metal with Matching Strength ...........cccccoeeiinennne
12.2 Limits on Acceptability and Repair of Cut Edge Discontinuities 0f Material ...........cccoieieriiiiiiriineniesieeiesestee ettt
12.3 TaCK WELd REQUITEIMENIS ......vitieutiiieieiteetest ettt ettt ettt e bt eh e bt e bt et e eheesteebeen b e eheeaeeebeenbeeh e emteebeembeehtenteeb e e beestenbeestebeeatenbesstenbeeneenee
12.4 M 270M (A709M) Gr. 250, 345, 345S Minimum Preheat and Interpass Temperatures, °C
12.5 M 270 (A709) Gr. 36, 50, 50S Minimum Preheat and Interpass Temperatures, F ............cccoeoiiiinininiiieecceee e
12.6 M 270M (A709M) Gr. 345W, HPS 485W Minimum Preheat and Interpass Temperatures, °C .........ccecieeeriereerieniesieneniesieeiesiesnesseenenes
12.7 M 270 (A709) Gr. 50W, HPS 50W, HPS 70W Minimum Preheat and Interpass Temperatures, °F .........cccccoviviienieiienenieniecieseeeeeeiene
12.8 M 270M/M 270 (A709/A709M) Grade HPS 690W [HPS 100W] Minimum and Maximum Preheat/Interpass Temperature, °C [°F] (see
L2014 ettt a bk h st aeh e ek ekt h e h et R btk h etk a e bt ek b ettt b btk ebe et nnen
B.1 Equivalent Fillet Weld Leg Size Factors for Skewed T-Joints, R =0
F.1 Minimum Preheat and Interpass Temperatures for Three Levels of ReStraint.........cccovuiiieiiiieiiiiiiiiiieeeteeeeetee et
G.1 Minimum Preheat and Interpass Temperature for M 270M/M 270 (A709/A709M) HPS 485W [HPS 70W], °C [°F] .c..ccvecirinenincrenenne
G.2 Filler Metals for Use with the Reduced Preheat of Table H.1, Diffusible Hydrogen Levels 4 mL/100 g Maximum
H.1 Required Filler Metal Chemical Composition fOr ESW ........cc.oiiiiiiiiiiiiciccieeseees ettt sttt te et e seesaesaeessesseensesseensenes
H.2 Maximum Alloy Limits for ESW Consumable GUIAE...........ccueiuieriirieiieiieiesieeiesieetestseeesteseteaesssessesseesseessessesssesseessessesssessesssessesssessesssenes
J12 Essential Variables for PAUT (see J7.1 and J7.3) ............
J.23 PAUT Acceptance Criteria (see J10.2)......cccceeeruenene
J.3+ Discontinuity Classification...........ccccceceveeeennen.
4 Einearitv-VeriticationReport-Form
K.1 Discontinuity Classification...........ccccceeeeennee.
K.2 Essential Variables for PAUT............
K.4 Linearity Verification Report Form...
L.1 Common Types Of DISCONTIMUITIES ....cvevveeiirrieriereeiestieiereetesteetesteseessesseessesseessesseessessesssessesssessanns
M.1 Typical Current Ranges for Short Circuiting Transfer Gas Metal Arc Welding of Steel (GMAW-S).
0.1 Example ESW-NG Consumable Guide CONTIGUIALIONS .......c..irtirtiiieieiietiitieterieteiet ettt ettt st st et e e eseeseeseetesbeste s eneeseeseeseabessenseneaneas
0.2 Example Operating Conditions for ESW-NG of ASTM M 270M/M 270 (A709/A709M) Grades 250 [36], 345 [50],
345S [S0S], AN 3A5W [SOWT ..cuuiiitiiiteirteert ettt ettt ettt b bttt b bt ettt b et st eb et e b et e bt beb st bt e bt et st b btk et b et et be s ebe st eben

D1.5-E9-DS1 14 of 567 May 2024



y \ This is a working document under consideration by the AWS D1 Committee on Structural Welding.
‘ AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
Draft documents may change significantly in subsequent versions.

List of Figures
Figures Page No.
4.1 Filler Plates Less Than 6 mMmm [1/4 10] THICK ...ecvecuieierierieitieieieeteste et este st ste et este st eaeeseestesseesseessessesseessesssessasssessesssensesssenseessessesssessenssens
4.2 Filler Plates 6 mm [1/4 in] or Thicker
4.3 Dtails fOI FILIEt WELAS. ...ttt ettt etttk h ettt btk b ettt eh ekttt ettt nneue et enes
4.4 Details of Welded Joints for CIP GrOOVE WELAS .......c.eiiiiiiiiiiiiiiiiieiiicireetc ettt ettt ettt
4.5 Details of Welded Joints for PJP Groove Welds ..............ccc.....
4.6 Fillet Welds on Opposite Sides of a Common Plane of Contact....
4.7 Transition of Thickness at Butt Joints of Parts Having Unequal Thickness ......
4.8 Transition of Width at Butt Joints of Parts Having Unequal Width.............coccocooieiinin.
4.9 Minimum Length of Longitudinal Fillet Welds at End of Plate or Flat Bar Members ....
5.1 Discontinuities in Cut PIAte ...........cccoviiiiiiiiiiiiiiiiiciece e
52 Workmanship Tolerances in Assembly of Groove Welded Joints.
5.3 Flange Offset for Box Girders .........c.ccceenenee.
5.4 Acceptable and Unacceptable Weld Profiles..........cccooeieviiiiiiiinciciecee
6.1 Weld Bead in Which Depth and Width Exceed the Width of the Weld Face .......ccvoiiiiiiiiiiiiie e
7.1 WPS Qualification OF Pretest—TeSt PLALE A ........coiiiiiiiiiciieee ettt ettt et e e te e et e e st e esseeteeesseesaeessaeasseesseessseenseessseesseesssaeseeanns
7.2 WPS Verification—Test Plate B
7.3 Weld Soundness Test Plate for Details Not Conforming to Figure 2.4 or 2.5—Test Plate C.......coceeieiiiiieiiiieiececeeeeee e
7.4 POSIEIONS OF FIIEt WELAS........cuiiiiieiiiiiiee ettt ettt ettt ettt b s
7.5 Positions of Groove Welds
7.6 Position of Test Plates fOr GIOOVE WELAS ........c.oouiiriiiiiiiiieieeeet ettt ettt ettt ettt
7.7 Position of Test Plates fOr FIlIet WELAS ......c.c.ciiiiiriiiiiiiieiieiec ettt ettt sttt
7.8 Position of Fillet Weld Soundness Test (Macroetch) for WPS Qualification—Test Plate D
7.9 Standard Round All-Weld-Metal TenSI0N SPECIMEIL.....c..iiuietirtieieitieiteete ettt ettt ettt ettt ebe et ebeetee bt es e e bt es b e bt este bt ense bt eneenbeentenbeeneennes
7.10 Reduced Section TeNSION SPECIIMICIL......c..c.uiuiiiiitiititeieit ettt ettt ettt ettt et es e ettt ettt et eeatebe et e et e b e st et estebtebt et e ebe sttt est e bt eteabesae s et ennes
7.11 Side-Bend Specimen
7.12 Face- and ROOt-BENA SPECIMEI .....cuiiuiiiiieiiiitieieeit ettt ettt ettt e et e te e st et e eseesseese e seessesseesseaseessesseesseseenseeseenseaseensesseensenseensens
7.13 CVN TSt SPECIMEN—TFIEA .....eeitieeieteetteiteetieste e te st et eteettesseestesseestesseesteseasseseastenseassesseassenseassesseesseseasse s e esseaseenseeseensesssensesseensenseensens
7.14 Guided Bend Test Jig ..c.covveveneiicieiiiiecees
7.15 Alternate Wraparound Guided Bend Test Jig.....
7.16 Alternate Roller-Equipped Guided Bend Test Jig for Bottom Ejection of Test Specimen .....
7.17 Test Plate for Unlimited Thickness—Welder Qualification .............ccceevrvieenieecieenie e
7.18 Optional Test Plate for Unlimited Thickness—Horizontal Position—Welder Qualification.....
7.19 Test Plate for Limited Thickness—All Positions—Welder Qualification ...............cccccevveennenne.
7.20 Optional Test Plate for Limited Thickness—Horizontal Position—Welder Qualification.....
7.21 Fillet-Weld-Break and Macroetch Test Plate—Welder Qualification—Option 1 ....
7.22 Fillet Weld Root-Bend Test Plate—Welder Qualification—Option 2...................
7.23 Plug Weld Macroetch Test Plate—Welder QUalifiCatiOn ...........oouiiiiiiiiiiiiiee ettt ettt ebeea et e eneas
7.24 Test Plate for Unlimited Thickness—Welding Operator QUalifiCatioN ...........c.couiiiriiiiiiiiiieiee ettt
7.25 Butt Joint for Welding Operator Qualification—ESW and EGW
7.26 Fillet-Weld-Break and Macroetch Test Plate—Welding Operator Qualification—Option 1 ..........cccccoveviiiiiiiininineniiieiceesereeeeeee
7.27 Fillet Weld Root Bend Test Plate—Welding Operator Qualification—OPtion 2..........ccceceiuiriiiiiiiiininieieiee ettt
7.28 Fillet-Weld-Break Specimen—Tack Welder Qualification
7.29 Method of Rupturing Specimen—Tack Welder QUAalIfICAtION ........ccveriiiuiiiiiiieieiieieet ettt ettt et sse et saesesseesseesaesseennenseennenee
8.1A Radiographic Identification and Hole-Type or Wire IQI Locations on Approximately Equal Thickness Joints 250 mm [10 in] and
GTEALET TN LLONEEN...c.uiiiiiitieieciete ettt ettt ettt et e s te e st e e beese e se e st eeseesee s e esseeseesse s s e enseeseesseeseenseessenseeseense s e enseeseenseesaensesseensenseenes
8.1B Radiographic Identification and Hole-Type or Wire IQI Locations on Approximately Equal Thickness Joints Less than 250 mm [10 in]
IO G 1o 1 | FO OO OO OO O OO OO OO OSSOSO P U SO P PSP RPTPRRRPPOO
8.1C Radiographic Identification and Hole-Type or Wire IQI Locations on Transition Joints 250 mm [10 in] and Greater in Length................
8.1D Radiographic Identification and Hole-Type or Wire IQI Locations on Transition Joints Less than 250 mm [10 in] in Length ...................
8.1E HOLE-TYPE TQI DESTZN ...ttt ettt b ettt h bbbt b e bt et e bt e et eb e es b e s bt ea b e bt eh b e bt e st e b e e st e nbeent e beesbenneas
8.1F Wire-Type IQI...............
8.2 RT Edge Block Placement....
8.3 TTANSAUCET CTYSTAL ...ttt ettt ettt ettt st e s et e et et et e st es e es e es e e e et e e e s em e es e e st es e ek e eb e s em e es e ee e es e eb e e b e s emeeneeneeseebeeseseneeneeneeneaneas
8.4 Qualification Procedure of Search Unit Using ITW Reference BIOCK..........ccoiiiiiiiiiieee et
8.5A International Institute of Welding (ITW) UT Reference Blocks...............
8.5B Other Approved UT Reference Blocks.........ccecoviiiiciieiiincnnne
8.6 Transducer Positions (Typical)..............
8.7 Plan View of UT SCANNING PAEITIS ......c.eeuiiiiitiitiitiieieit ettt ettt es ettt et et et es e esees e et e es e et e et e b ensenees e es e ebeeb e s et eneeneeneabeabeaseaseneeneas
8.8 Weld Quality Requirements for Discontinuities Occurring in Tension Welds (Limitations of Porosity and Fusion Discontinuities)..........
8.9 Weld Requirements for Discontinuities Occurring in Compression Welds (Limitations of Porosity or Fusion Type Discontinuities)........
9.1 Dimension and Tolerances of Standard-Type Shear Connectors...
9.2 Typical Tension Test FIXtUIe........oocooeviieiiiiinecceeseeee
9.3 Torque Testing Arrangement and Table Of TESHNEZ TOTQUES ......eveieuieiiriiitieteieiet ettt ettt ettt se st st et e b et et e ene e st ebeabeeeenseneeneas

D1.5-E9-DS1 15 of 567 May 2024



This is a working document under consideration by the AWS D1 Committee on Structural Welding.
AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
Draft documents may change significantly in subsequent versions.

A.l FAILEE WA L.ttt ettt ettt ettt ettt ettt e ittt e ettt e et e e et e et e et e et e et e eraeanes
A2 Bevel Groove Weld with Reinforcing Fillet Weld.....

A3 Bevel Groove Weld with Reinforcing Fillet Weld............

A4 Flare Bevel Groove Weld with Reinforcing Fillet Weld ..
D1L.A Bend TESEINEZ DEVICE ...evietieiieieeiesie ettt ettt ettt et e bt e st et e e st et e et e e sees e e st es e e st emeea st es e e st esee st ese et e esee st entenbeenteaseentenbeentenseennenee
D1.B Suggested Type of Device for Qualification Testing of SMall STUAS. .......ooiiiiiiiiiiii ettt e
E.1 Example of the Use of Form F-1 UT Unit Certification.......................

E.2 Example of Form F-2 .......................

E3 Example of the Use of Form F-2 ......
E.4 EXamPIe OF FOIM F-3 ..ottt ettt et et e st e e bt ea e e st et e ehe et e es e e st ese e bt esee s e ese e st enteseentebeentenbeentenseennenne
E.5 Example of the Use 0F FOIM F-3 ..ottt et ettt et e bt e st e bt eae e b e esee bt enteebeente bt ensesbeentenaeennenee
E.6 Form F-4—Report of UT of Welds ...

F.1 Zone Classification of Steels .........cccoceevereennnne.

F.2 Critical Cooling Rate for 350 HV and 400 HV ........cccoooiviiiiiiiiiieeeeeeeee
F3 Charts to Determine Cooling Rates for Single-Pass Submerged Arc Fillet Welds ........ccocoiiiiiiiiiiiiiiiiii e
F4 Relation Between Fillet Weld Size and ENergy INPUL........cc.oiiiiiiiiiiiieiecec ettt ettt ettt ettt entesbeeneesaeenne e
J1 Phased ATTaY IMAZING VICWS ......ecuiiieiiiiieteetieieettete et et ete et esteeateeteestesseeseeabeestesseestenseeseenseeaeensees b e st esee st ente s e esee st enteeseeneenseensesseentenseennenee
J2A Example of a Supplemental Reference Block (DimenSioNS 11 IMILTMIE OIS ) . uuusuuusttttttitttteteeteeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseseseeeseseseeeseneeeeeeeeeees
J.2B Example of a Supplemental Reference Block (Dimensions in Inches)
132 Example Standard Reflector Locations in Weld IMOCKUP ......cuiiuiiiiiieiiiieieet ettt ettt ettt ettt ettt esbe et esteentenaeenne e

J4 SENSTLIVITY LLEVELS ...veentitieiie ettt ettt ettt ettt et e st at et e ee et e e st e s e es e essees e emse e st en s e es e embeeseenbeestembees e e st e eseenseeseenbeeneenseeneenseeneennas

J.5 LANEATTtY VT T AT 0N R EDOTT F O Lttt ittt ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt ettt eneeeeeeeenees

J.65 Example of Time Based Linearity Verification

L.1 WELA T BULE JOINE ...ttt ettt ettt ettt ettt bt ettt et ea e eh e bt bt et b et et eb e ekt e bt et b et enteaeebe et et e et et eenas

L.2 WELA I COTNET JOINL. ..ttt ittt b et ettt h ettt b e ettt a e eh e e bt eb e et b et et eb e ekt eb e eh et e et estebt et e et e et e sa et et eenas

L3 WL TN T-JOIME .ttt ettt ettt ek h et a ettt e b e e bt 4ot ea e eh e e bt eh e et e bt et eh e eb e eb e eh bt et e st et e ettt et e et et eeeas

L4 WELA TN LD JOINE ..ottt ettt ettt ettt et e e bt e st e et e emteeh e es e e e bt e a st esee s e emeem s e es s e s e ese e bt enee s e ese e st enteseeneeaseensenbeentenneeneenne

LS Single-Pass Fillet Weld in T-Joint

L.6 SINGle-V-Groove Weld I BULE JOINE .....c.eeiuiiiiiiiieiecieie sttt ettt ettt et ettt ebe et e e st e et e eabe et eenseestenbeeseenseeseenseeseenteeneenseeneenseeneeneas

M.1 Oscillograms and Sketches of Short CircUiting TTANSTET ..........oiuiiiiriiiieie ettt ettt et et et e sttt eete et e sbeentesteeneesaeennenee

0.1 ESW Single and Multiple GUide CONIGUIALIONS ........ciuietiiieieitieieett ettt ettt ette st estesteeseeteeste st eseenbeeseenseeseeseenteseeneenseensenseensenseeneenee

0.2 ESW Welded and SiNGIe PICCE SUIMPS .....eevieuiiiiiieieeiete ettt ettt sttt ettt et et eseesbeest e bees e ebeeseebeeseeseeste st entenbeeneenseensenteentenseeneenee

03 ESW Sump and Run-Off Tab Illustration....

0.4 Allowable Operating Ranges for ESW-NG........

Commentary

C-4.1 Details of Alternative Groove Preparations fOr COTNET JOINES ........eiuiiiiriiiiertieieite ettt ettt ettt et eee bt eseesteeseesteestenteeneesbeensesteeneenseeneenee

C-5.1 Examples of Unacceptable Reentrant Corners.............ccc.......

C-5.2  Examples of Good Practice for Cutting Copes ...

C-53 Permissible Offset in Abutting Members...........cceceveeienieeeeneenenn

C-5.4  Typical Method to Determine Variations in Girder Web FIAtness.........c..ccoiiiiiiiiiiiiiiiiiec ettt

C-5.5 Correction Of MiSAlIZNEA IMEIMDETS ........c.viuiiuieiiiiieie ittt ettt ettt ettt ettt e et e e bt e st e bt eseeteeaeenbeestenseeseebeeneenseeseenseentenseeneenseententeeneenseeneanee

C-5.6  Illustration of Camber Tolerances for Steel Beams......

C-5.7 Measurement of Flange Warpage and Tilt....

C-5.8 Tolerances Bearing Points ............cccccoeenenn.

C-59 TN T CUE D 0T Gl Tt - e snnas

C-5.10  Weld after Grinding, Undercut Removed, and Base Metal SmiO0th ... ... sssnsssnansnnnnnas

C-8.1 EXAMPDLES OF A DD I CATT 0N 111 8. 20, 1.5 ittt ettt ettt ettt ettt ettt ettt ettt e et ee e et et e e et et e e e e et et e e et ettt e et e et et e et et e e e e e e e eeeeeeaeneeeeeeeenee
List of Figures

Figures Page No.

N.1 Certificate of Conformance to Requirements for Welding EISCtrOdes............couivuiiiiiiiiiiniiiiiiiccteeeeeee et

N.2 Sample Welding Procedure SPECTTICAtION. ..........ciuiiieiiiiieieeieeie ettt ettt ettt ettt et e bt et e s teese e bt enteebeente st eateeseeneesneeneenseans

N3 (PQR) for Qualification, Pretest, and Verification Results for Groove Welds..........ccoiviririiiiiiiiiniininicicieenc e

N.4 Procedure Qualification Record (PQR) Worksheet

N.5 Procedure Qualification Record (POR) fOT FIlLEt W ELAS uuiiiiiiiiiiiiiiiiiiiiiiiiiiietiieeetetteeeeeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeteereeteeeeeeeteereeeeeeeeeee

N.65 Welder and Welding Operator Qualification RECOTT..........c.eiiiiiiiiiiiiiieiieee ettt ettt st neean

N.76 Report of Radiographic EXamination Of WELAS ..........couiiiiiiiiiiiiiiee ettt ettt ettt e ettt s bt eneeeseenaennean

N.8% Report of Magnetic Particle EXamination Of WELAS ..........oouiiiiiiiiiiiiieieee ettt ettt sttt et s beebe e nnean

N.98 ESW-NG Procedure Qualification Record....................

N.109  ESW-NG Welding Procedure Specification....

D1.5-E9-DS1 16 of 567 May 2024



\ This is a working document under consideration by the AWS D1 Committee on Structural Welding.
AWS It is made available solely to solicit comments from interested parties and may not be relied upon or utilized for any other purpose.
\ Draft documents may change significantly in subsequent versions.

Bridge Welding Code
1. General Provisions
1.1 Application

1.1.1 This code covers welding fabrication requirements applicable to welded highway bridges. The code is
applicable to both shop and field fabrication of steel bridges and bridge components. The code is to be used in
conjunction with the AASHTO Standard Specification for Highway Bridges or the AASHTO LRFD Bridge
Design Specifications.

The code is not intended to be used for the following:

(1) Steels with a minimum specified yield strength greater than 690 MPa [100 ksi]
(2) Pressure vessels or pressure piping

(3) Base metals other than carbon or low-alloy steels

(4) Structures composed of structural tubing

Fabrication of structures or components not specifically addressed by this code shall be performed in
conformance with the special provisions of the contract or in conformance with the written directives of the
Engineer who may choose to reference an alternate applicable welding standard.

1.1.2 The fundamental premise of the code is to provide general stipulations applicable to any routine bridge
situation. Acceptance criteria for production welds different from those described in the code may be used for
a particular application, provided they are suitably documented by the proposer and approved by the Engineer.

Such alternate acceptance criteria may be based on the evaluation of suitability for service using past
experience, experimental evidence, or engineering analysis considering material type, service load effects, and
environmental factors.

1.1.3 The term Engineer as used in this code shall mean the State Bridge Engineer, or the Bridge Engineer’s
designated representative. The Engineer acts on behalf of the State or Owner and unless otherwise specified,
shall be the Owner’s official representative. All references to acceptance or approval shall mean acceptance or
approval by the Engineer.

1.1.4 The term Contractor as used in this code indicates the party responsible for performing the work as
required by the contract documents. The term Contractor is used collectively to mean contractor, manufacturer,
fabricator, erector, or other party performing the work.

1.2 Base Metal

1.2.1 Specified Base Metal. The contract documents shall designate the specification and classification of
base metals to be used.
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