ASME BOILER AND PRESSURE VESSEL CODE
AN AMERICAN NATIONAL STANDARD

ANSIVASME BPV-IX

SECTION IX

Qualification Standard for Welding and
Brazing Procedures, Welders, Brazers,
and Welding and Brazing Crcrators

1977 EDITIGN
JULY 1, 1977

ASME BOILER AND PRESSURE VESSEL COMMITTEE
SUBCOMMITTEE ON WELDING

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
United Engineering Center 345 East 47th Street New York, N.Y. 10017



https://www.stdhive.com/standards/asme-bpvc-ix-1980-pdf/

Copyright © 1977 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All Rights Reserved

Date of Issue — July 1, 1977
(Includes all Addenda dated December 1976 and earlier)

No part of this document may be reproduced in any form, in an electronic retrieval system or
otherwise, without the prior written permission of the publisher.

Library of Congress Catalog Card Number: 56-3934
Printed in the United States of America

Adopted by the Council of The American Society of Mechanical Engineers, 1914.
Revised 1940, 1941, 1943, 1946, 1949, 1952, 1953, 1956, 1959, 1962, 1965, 1968, 1971, 1974, 1977



https://www.stdhive.com/standards/asme-bpvc-ix-1980-pdf/

e

1977 ASME
BOILER AND PRESSURE VESSEL CODE

An American National Standard
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I Power Boilers
11 Material Specifications
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VII Recommended Rules for Care of Power Boilers
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X Fiberglass-Reinforced Plastic Pressure Vessels

X1 Rules for Inservice Inspection of Nuc'ear Power Plant
Components — Division 1

*Available in bound and loose-leaf versions. F'ther version may be used for ASME Certification.

Code Cases

The Boiler and Pressure Ves~el C ommittee meets regularly to consider proposed additions and
revisions to the Code, an” .. for...ulate Cases to clarify the intent of existing requirements or
provide, when the need i wrgint, rules for materials or constructions not covered by existing
Code rules. Those Cal s wiien have been adopted appear in one or both of the 1977 Code Cases
books—(1) Boilers'.~d t -essure Vessels and (2) Nuclear Components. Supplements will be sent
automatically to . ve pt rchasers of one or both of the Code Cases books up to the publication of
the 1980 Edition.

Addenda

Cclored-si.ecet Addenda, which include additions and revisions to individual Sections of the Code,
are dublished twice a year and will be sent automatically to purchasers of the applicable Sections
up . the publication of the 1980 Code. Purchasers of the bound versions of the Sections will
ecei’ ¢ bound Addenda. Purchasers of the loose-leaf versions of the Sections will receive
replacement pages.

Addenda Color Legend

Pink Summer 1977 Blue Winter 1978
Green Winter 1977 Salmon Summer 1979
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FOREWORD

The American Society of Mechanical Engineers set up
a committee in 1911 for the purpose of formulating
standard rules for the construction of steam boilers and
other pressure vessels. This committee is now called the
Boiler and Pressure Vessel Committee.

The Committee’s function is to establish rules of safety
governing the design, fabrication, and inspection during
construction of boilers and pressure vessels, and to
interpret these rules when questions arise regarding
their intent. In formulating the rules, the Committee
considers the needs of users, manufacturers, and inspec-
tors of pressure vessels. The objective of the rules is to
afford reasonably certain protection of life and property
and to provide a margin for deterioration in service so as
to give a reasonably long safe period of usefulness.
Advancements in design and material and the evidence of
experience have been recognized.

The Boiler and Pressure Vessel Committee deals with
the care and inspection of boilers and pressure vessels in
service only to the extent of providing suggested rules of
good practice as an aid to owners and their inspectors.

The rules established by the Committee are not to be
interpreted as approving, recommending, or endorsing
any proprietary or specific design or as limiting in-any
way the manufacturer’s freedom to choose any neti. 4 of
design or any form of construction that cont \rm. to the
Code rules.

The Boiler and Pressure Vessel Com.np .ce meets regu-
larly to consider requests for interpr:ta. ons and revisions
of the rules, and to develop new rules as dictated by
technological development. Irju. ies nust be addressed
to the Secretary in writing and . ust give full particulars in
order to receive consideration a.d a written interpreta-
tion. Proposed revisions to the Code resulting from
inquiries will be prese. ted to the Main Committee for
appropriate action. 1%e action of the Main Committee
becomes effect. ve only after confirmation by letter ballot
of the Com.~ittee and approval by the Council of the
Societv.

Prop.sed 1 2vis.ons to the Code approved by the Com-
mi.te> aic submitted to the American National
Stwndarus Institute and published in Mechanical En-
c.nee,ing to invite comments from all interested persons.
Af.er the allotted time for public review and final ap-
proval by ASME Council, revisions are published semi-
annually in Addenda to the Code.

Code Cases may be used in the constructiow. of v m-
ponents to be stamped with the ASME Code s mbol
beginning with the date of their approval kv th. ASME
Council.

After Code revisions are approved by Council they may
be used beginning with the date of is:. 1ance shown on the
Addenda. Revisions become mai.~tc "y as minimum re-
quirements six months after suci. date ¢ " issuance, except
for boilers or pressure vessei. coniacted for prior to the
end of the six-month eriou

Manufacturers and us.vs 0 components are cautioned
against making use of revisions and Cases that are less
restrictive than ‘ol mer requirements without having as-
surance that ‘hey have been accepted by the proper
authorities i the jurisdiction where the component is to
be inctallc 1.

Each -tat. and municipality in the United States and
ea’ h provuice in the Dominion of Canada that adopts or
acc.nts one or more Sections of the Boiler and Pressure
Vessel Code is invited to appoint a representative to act
on the Conference Committee to the Boiler and Pressure
Vessel Committee. Since the members of the Conference
Committee are in active contact with the administration
and enforcement of the rules, the requirements for
inspection in this Code correspond with those in effect
in their respective jurisdictions. The required qualifica-
tions for an Authorized Inspector or an Authorized Nu-
clear Inspector under these rules may be obtained from the
administrative authority of any state, municipality, or
province which has adopted these rules.

The Boiler and Pressure Vessel Committee in the
formulation of its rules and in the establishment of
maximum design and operating pressures considers mate-
rials, construction, method of fabrication, inspection, and
safety devices. Permission may be granted to regulatory
bodies and organizations publishing safety standards to
use a complete Section of the Code by reference. If usage
of a Section, such as Section IX, involves exceptions,
omissions, or changes in provisions, the intent of the
Code might not be attained.

Where a state or other regulatory body, in the printing
of any Section of the Boiler and Pressure Vessel Code,
makes additions or omissions, it is recommended that
such changes be clearly indicated.

The National Board of Boiler and Pressure Vessel
Inspectors is composed of chief inspectors of states and
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municipalities in the United States and of provinces in the
Dominion of Canada that have adopted the Boiler and
Pressure Vessel Code. This Board, since its organization
in 1919, has functioned to uniformly administer and
enforce the rules of the Boiler and Pressure Vessel Code.
The cooperation of that organization with the Boiler and
Pressure Vessel Committee has been extremely helpful.
Its function is clearly recognized and, as a result, in-
quiries receivéd“ which bear on the administration or
application of the rules are referred directly to the Na-
tional Board. Such handling of this type of inquiry not
only simplifies the work of the Boiler and Pressure Vessel
Committee, but action on the problem for the inquirer is
thereby expedited. Where an inquiry is neither clearly an
interpretation of the rules nor a problem of application or
administration, it may be considered both by the Boiler
and Pressure Vessel Committee and the National Board.

It should be pointed out that the state or municipality
where the Boiler and Pressure Vessel Code has been
made effective has definite jurisdiction over any par-
ticular installation. Inquiries dealing with problems of
local character.should be directed to the proper authority
of such state or municipality. Such authority may, if there
is any question or doubt as to the proper interpretation,
refer the question to the Boiler and Pressure Vessel
Committee.

The Specifications for base materials given in Section
11, Parts A and B, are identical with or similar to those of
The American Society for Testing and Materials. The
Specifications for welding materials given in Section II,
Part C. are identical with or similar to those of the

ST AT R R TR T e G R O T

American Welding Society. Use of the materials de-
scribed in these Specifications is covered by the rules in
one or more Sections of the Boiler and Pressure Vessel
Code. All materials allowed by these various Sections and
used for construction within the scope of their rules shall
be furnished in accordance with ASME Materials
Specifications contained in Section II except where
otherwise provided in Code Cases or in the applicable
Section of the Code. Materials covered by these Specif -
cations are acceptable for use in items covered by the
Code Sections only to the degree indicated«in ihe
applicable Section. Materials for Code usc should ps<-
ferably be ordered, produced, and docu.nen.~d on this
basis; however, material produced unde. an ASTM
Specification may be used in lieu of the -~orr¢sponding
ASME Specification, provided th. t the requirements of
the ASTM Specification are identica. ‘excluding editorial
differences) or more stringent han the ASME Specifica-
tion for the Grade, Class, or Tyg > produced and provided
that the material is coni'ymea ‘s complying with the
ASTM Specification. “Matei al rroduced to an ASTM
specification with ~C-uitc-.ents different from the re-
quirements of thc cori 2sponding ASME Specification
may also be used in « ‘cordance with the above, provided
the mate.al manufacturer or vessel manufacturer ce-
rtifies with € * acuce acceptable to the Authorized Inspec-
tor or /wutherized Nuclear Inspector that the correspond-
ing “AS..‘F Specification requirements have been met.
Mater.nl produced to an ASME or ASTM Material
Specfication is not limited as to country of origin.
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STATEMENT OF POLICY
ON THE USE OF CODE SYMBOLS AND
CODE AUTHORIZATION IN ADVERTISING

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

Organizations that are authorized to use Code Symbols
for marking items or constructions which have been
constructed and inspected in compliance with the ASME
Boiler and Pressure Vessel Code are issued Certificates of
Authorization. It is the aim of the Society to maintain the
standing of the Code Symbols for the benefit of the users,
the enforcement jurisdictions, and the holders of the
symbols who comply with all requirements.

Based on these objectives, the following policy has
been established on the usage in advertising of facsimiles
of the symbols, Certificates of Authorization, and
reference to Code construction. The American Society of

Mechanical Engineers does not “‘approre,’’ ‘‘ce.‘ify,”
“‘rate,” or “‘endorse’’ any item, construct. a, o. ~ctivity
and there shall be no statements or implica.'ons which
might so indicate. An organization ho. ling a Code Sym-
bol and/or a Certificate of Authoi.o2tion may state in
advertising literature that items, -onsti ictions, or ac-
tivities ‘‘are built (produced o. vertormed) or activities
conducted in accordan.= win> the requirements of the
ASME Boiler and Pressur. Vessel Code,” or ‘‘meet the
requirements of the' ASME Boiler and Pressure Vessel
Code.”

The ASME €, mbc' shall be used only for stamping and
nameplat:s at spe ifically provided in the Code. How-
ever, fo-sin.'les wmay be used for the purpose of foster-
ing the usc of such construction. Such usage may be by an
assc :iation or a society, or by a holder of a Code Symbol
who 1. 2v also use the facsimile in advertising to show that
clearly specified items will carry the symbol. General
usc ze is permitted only when all of a manufacturer’s items
are constructed under the Rules.

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

The ASME Boile, ana Pressure Vessel Code provides
rules for the constructicn of boilers, pressure vessels, and
nuclear compo. ents. This includes requirements for
materials, des.g~  fabrication, examination, inspection,
and sta ~.piny Iten s constructed in accordance with all of
the anplicoble rules of the Code are identified with the
official “ode Symbol Stamp described in the governing
Sacuon of the Code.

Markings such as ‘*‘ASME,” "*ASME Standard,” or
.y other marking including ‘*‘ASME”’ or the various

Code Symbols shall not be used on any item which is not
constructed in accordance with all of the applicable
requirements of the Code.

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

The following is a brief introduction to the 1977 Edition
of Section IX, general in nature, and cannot be con-
sidered as a substitute for actual review of appropriate
sections of the document. However, this will give the
reader a better understanding of the purpose and organi-
zation of Section IX.

Section IX of the ASME Boiler and Pressure Vessel
Code relates to the qualification of welders, welding
operators, and brazers, and brazing operators, and the
procedures which they employ in welding or brazing
according to the ASME Code. As such, this is an active
document subject to constant review, interpretation, and
improvement.

The format of Section IX was revised in 1974, and this
format was substantially different from that of previous
editions. The same format as the 1974 Edition is em-
ployed in the 1977 Edition. In the general review of
Section IX, for the 1977 Edition, basic criteria for welding
were established and observed in the preparation of
welding requirements, affecting procedure and perform-
ance. It is important that the user of the 1977 Edition of
Section IX understand these basic criteria in his review of
the requirements which have been established.

The purpose of the welding procedure specification
(WPS), and procedure qualification record (PQR), is to
determine that the weldment proposed for construction is
capable of having the required properties for its intended
application. It is presupposed that the welder, or welding
operator, performing the welding procedure qualification
test is a skilled workman. That is, the welding procedure
qualification test is to establish the properties of the weld-
ment, not the skill of the welder or welding operator. In
addition to this general requirement, special consideration
was given when notch toughness is required by other
sections of the Code.

In performance qualification, the basic criteria estab-
lished for the welder are to determine ability to deposit
sound weld metal. The purpose of the performance qual-
ification test for the welding operator is to determine
mechanical ability to operate the welding machine.

In developing the revision of Section IX, each welding
process to be included was reviewed with regard to those
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items (called variables) which have effect upon the weld-
ing operations as applied to procedure or performance
criteria. It became apparent, early in this review, that the
previous distinction between ferrous and nonferrous met-
als, with very few exceptions, would not be required; as
all metals in the welding processes have essentially simi-
lar variables in the production of weldments. For this
reason, the document is established in two major parts:
welding, to cover all metals involved in welding, and the
present brazing document. The brazing part of the new
document contains no essential technical changes from
past requirements. It reflects only a realignment of exist-
ing paragraphs in the new format.

Preamble

The Preamble of Section IX, both past and present, is
often overlooked. It is the Preamble which recognizes
that welding and brazing requirements, for both proce-
dure and performance, considered acceptable in past
years, are not entirely negated by the issuance or addenda
of a new edition. The Preamble recognizes successful
welding applications and, in most cases, it is this past
welding experience which results in new and revised
requirements of Section IX. The Preamble permits the
use of welding procedure and performance qualifications,
which meet the requirements of the 1962, or later editions
of the Code, for the performance of production welding.
The Preamble states, as it has in the past, that all new
procedures and performance shall be in accordance with
the latest edition of this section of the Code. It is not the
purpose of the Code to cause extensive retesting of
previously employed welding or brazing procedures,
welders, brazers, or welding and brazing operators.

Welding

The welding part of the document consists of the
following four Articles:

I. General Requirements

II.  Procedure Qualifications
III.  Performance Qualifications
IV. Welding Data




Article I General Requirements

The General Article of the 1977 Edition of Section IX is
quite similar to that contained in the 1974 Edition and the
1971 Edition, for both the ferrous and nonferrous metals.
This Article contains general references and guides which
apply to procedure and performance requirements such
as: weld orientations, more generally known as positions;
the type of mechanical test employed with their accept-
ance criteria; and macro-examination with its acceptance
criteria. It will be noted that this Article, as well as the
following two Articles, contain written information only
in paragraph form with reference data, tables, and figures
in Article IV Welding Data. This will aid the user of the
document in continuity of reading paragraphs, without
interruption by tabulations or tables.

Article I Procedure Qualifications

The major technical revisions of the 1977 and 1974
Editions over the 1971 Edition are contained in the
Procedure Qualification Article. Each process is listed
separately with the essential and nonessential variables as
applied to that particular process. In general, the new
procedure requirements are that the manufacturer or
contractor prepare written welding procedure spe-
cifications (WPS’s), which are greater in detail, to give
guidance to the welder, or welding operator, performing
production weldments. Both the essential and nonessen-
tial variables for each welding process shall be included in
the written welding procedure specification. If a change is
made in one or more of the essential variables, as has
been in the past, preparation of a new or revised welding
procedure specification and requalification is required. If
a change is made to one or more of the nonessential
variables, listed in the qualified welding procedure spe-
cification, a new or revised welding procedure specifica-
tion is required; but the previous procedure qualification
test will still be applicable. The types of tests for qualifica-
tion of a welding procedure specification are the same as
those employed in the past: tension tests, bend tests, and
when required, notch toughness tests.

Each welding process is identified by a separate para-
graph number. This paragraph is further divided into:
essential variables, supplementary essential variables for
notch toughness, and nonessential variables. The same
variable may appear in both the supplemental essential
variable paragraphs, and nonessential variable para-
graphs; and are considered as essential only when notch
toughness requirements are established by other sections
of the Code. In general, notch toughness requirements are
mandatory for all P Number 11 quenched and tempered
metals, for low temperature applications of other metals
as applied to Section VIII, and for various classes of
construction required by Section III. Acceptance criteria
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for the notch toughness tests are as established in the
other sections of the Code. This article refers to variables
as QW-400 paragraph numbers in Article IV Welding
Data. As a handy reference, the welding procedure spe-
cification variables are contained in tabular form in QW-
415.

Some major technical changes are contained in the 1974
and 1977 Editions:

1. Elimination of position as an essential variable,
except where notch toughness requirements are a factor.
Elimination of the diameter requirements for pipe, up to
24 in. diameter, for procedure qualification previously
indicated in Table Q-13.3 and Table QN-13.3.

2. Qualification in plate also qualifies for pipe welding
and vice versa.

3. Permission to joih metals from different P Numbers,
up to and including P Number 5, with a maximum 3%
nominal chrome content.

In addition to covering various welding processes, rules
are also included to cover special processes. Corrosion
resistant weld metal overlay and hard-facing weld
metal overlay are the only special processes now in-
cluded.

Article III Performance Qualifications

The performance article, in general, reflects require-
ments of the 1971 and 1974 Section IX Code and Adden-
da, as applied to welding performance qualifications.

This article lists the welding processes separately, with
the essential variables which apply to welder performance
qualifications. The welder qualification is limited by the
essential variables given for each process. These essential
variables are listed in Article IV Welding Data, and are
summarized in tabular form in QW-416.

A welding operator may be qualified by radiography of
a test plate, radiography of his initial production welding,
or by bend tests taken from a test plate. The welding
operator qualifies by process only, with no specific limits.
The lists of essential variables do not apply to welding
operator qualifications. A significant change in welding
operator qualification requirements is the deletion of
sectioning.

Article IV Welding Data

The Welding Data Article includes the welding vari-
ables grouped as joints, base metals, filler metals, posi-
tions, preheat, post weld heat treatment, gas, electrical
characteristics, and technique.

The P Number tables have been retained as general
groupings. The P Numbers have been further divided into
group numbers in the 1974 and 1977 Editions to classify



metals, generally along strength levels, for the purpose of
procedure qualification, where notch toughness require-
ments are a factor. The P Number tables have both the
ferrous and nonferrous metals.

The F Number and A Number tables were revised in
the 1974 Edition to consolidate the ferrous and nonferr-
ous metals in each table.

The tables concerned with tests and qualification limits
(Q-13, QN-13, Q-24, and QN-24) have been combined and
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are in QW-451 and QW-452 of the 1974 and 1977 Editions.
A new table, QW-461.7, lists Performance Qualification
Position limitations.

The Graphics are similar to the Figures in the previous
Section IX, with the inclusion of some new figures as an
aid for test positions, test specimens, and the corrosion
resistant overlay cladding chemical analysis test. Order of
removal figures are shown for both procedure and per-
formance qualifications.
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This Edition of Section IX is divided into two parts.
Part QW gives requirements for Welding and Part QB
contains requirements for Brazing.

Welding and brazing procedures, welders, brazers, and
operators of machine welding and .brazing equipment,
qualified in accordance with the rules in this Section, may
be used in any construction built to the ASME Boiler and
Pressure Vessel Code, and stamped with the appropriate
Code symbol.

Procedure and performance qualifications, made in
accordance with the requirements of the 1962 or any later
Edition of Section IX, may be used in any construction
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built to the ASME Boiler and Pressure Vessel Code and
stamped with the appropriate Code Symbol.

Procedure and performance qualifications, made in
accordance- with the requirements of Editions prior to
1962, in which all of the requirements of 1962 or later
Editions were met, also may be used.

Procedure and performance qualification test records,
dated prior to 1962, shall be acceptable, if the results meet
the requirements of the 1962 or later Editions.

Any requalifications or new qualifications shall be
made in accordance with the test requirements of the
current Edition.
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PART QW WELDING

ARTICLE 1
WELDING GENERAL REQUIREMENTS

QW-100 GENERAL

All pages in this article are identified by the
number 1, followed by the specific page identifying
number, which is indicated at the bottom of each

page.

QW-101  Scope

The rules in this Section apply to the preparation of
welding procedure specifications, and the qual-
ification of welding procedures, welders, and welding
operators for all types of manual and machine
welding processes permitted in other Sections. These
rules may also be applied, insofar as they are
applicable, to other manual or machine welding
processes.

QW-102

Some of the more common terms relating to
welding are defined in QW-492. These are in substan-
tial agreement with the definitions of the American
Welding Society given in its document, “A3.0-69
Terms and Definitions.”

Wherever the word pipe is designated, tubes shall
also be applicable.

Terms and Definitions

QW-103  Responsibility

QW-103.1 Welding. Each manufacturer! or con-
tractor! is responsible for the welding done by his
Organization and shall conduct the tests required in
this Section to qualify the welding procedures he uses

; in the_ construction of the weldments built under this

*Wherever these words are used in Section IX, they shall include
Installer or assembler.
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Code, and the performance of welders and welding
operators who apply these procedures.

QW-103.2 Records. Each manufacturer, or con-
tractor, shall maintain a record of the results obtained
in welding procedure and welder and welding opera-
tor performance qualifications. These records shall be
certified by the manufacturer, or contractor, and shall
be accessible to the Authorized Inspector. Refer to
recommended Forms in QW-480.

QW-110 WELD ORIENTATION

The orientations of welds are illustrated in QW-
461.1.

TEST POSITIONS FOR GROOVE
WELDS

Groove welds may be made in test material
oriented in any of the positions in QW-461.2 or QW-
461.3 and as described in the following paragraphs,
except that an angular deviation of plus or minus 15
degrees (7/12 rad) from the specified horizontal and
vertical planes, and an angular deviation of plus or
minus 5 degrees (7/36 rad) from the specified in-
clined plane is permitted during welding.

QW-120

QW-121

QW-121.1 Flat Position 1G. Plate in a horizontal
plane with the weld metal deposited from above.
Refer to QW-461.2(a).

QW-121.2 Horizontal Position 2G. Plate in a
vertical plane with the axis of the weld horizontal.
Refer to QW-461.2(b).

Plate Positions
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