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This international code or standard was developed under procedures accredited as meeting the criteria for American National
Standards and it is an American National Standard. The Standards Committee that approved the code or standard was balanced
to assure that individuals from competent and concerned interests have had an opportunity to participate. The proposed code
or standard was made available for public review and comment that provides an opportunity for additional public input from
industry, academia, regulatory agencies, and the public-at-large.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

ASME does not take any position with respect to the validity of any patent rights asserted in connection with any items
mentioned in this document, and does not undertake to insure anyone utilizing a standard against liability for infrin_=nern of
any applicable letters patent, nor assume any such liability. Users of a code or standard are expressly advised that detern. nation
of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted a. government
or industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the  stablisi ed ASME
procedures and policies, which precludes the issuance of interpretations by individuals.

The footnotes in this document are part of this American National Standard.
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ADDENDA

Addenda, which include additions and revisions to indi-
vidual Sections of the Code, will be sent automatically to
purchasers of the applicable Sections up to the publication
of the 2013 Code. The 2010 Code is available only in the
loose-leaf format; accordingly, the Addenda will be issued
in the loose-leaf, replacement-page format.

INTERPRETATIONS

ASME issues written replies to inquiries concerning
interpretation of technical aspects of the Code. The
Interpretations for each individual Section will be pub-
lished separately and will be included as part of the update
service to that Section. Interpretations of Section III,

vi

Divisions 1 and 2, will be included with the update service
to Subsection NCA.

Interpretations of the Code are posted in January and
July at www.cstools.asme.org/interpretations.

CODE CASES

The Boiler and Pressure Vessel Committee meets regu-
larly to consider proposed additions and revisions to the
Code and to formulate Cases to clarify the intent of existing
requirements or provide, when the need is urgent, rules
for materials or constructions not covered by exi:ting “ode
rules. Those Cases that have been adopted wili appoar
in the appropriate 2010 Code Cases book:. “Bcilers and
Pressure Vessels” and “Nuclear Comp. ‘ien.>” Supple-
ments will be sent automatically to the pu.-hasers of the
Code Cases books up to the publicatic. n of the 2013 Code.
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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 pres-
sure vessels. This committee is now called the Boiler and
Pressure Vessel Committee.

The Committee’s function is to establish rules of safety,
relating only to pressure integrity, governing the construc-
tion! of boilers, pressure vessels, transport tanks and
nuclear components, and inservice inspection for pressure
integrity of nuclear components and transport tanks, and
to interpret these rules when questions arise regarding their
intent. This code does not address other safety issues relat-
ing to the construction of boilers, pressure vessels, transport
tanks and nuclear components, and the inservice inspection
of nuclear components and transport tanks. The user of
the Code should refer to other pertinent codes, standards,
laws, regulations, or other relevant documents. With few
exceptions, the rules do not, of practical necessity, reflect
the likelihood and consequences of deterioration in service
related to specific service fluids or external operating envi-
ronments. Recognizing this, the Committee has approved
a wide variety of construction rules in this Section t¢ allc w
the user or his designee to select those which will nrovice
a pressure vessel having a margin for deterioraty a in ser-
vice so as to give a reasonably long, sate pe. od. of use-
fulness. Accordingly, it is not intended tha. this Section
be used as a design handbook; rather, ¢..7in *ering judgment
must be employed in the selectica ¢.” those sets of Code
rules suitable to any specific s.rvi e c. need.

This Code contains mandaiory requirements, specific
prohibitions, and nonman lato. v guidance for construction
activities. The Code does . ~t'address all aspects of these
activities and thosc aspects which are not specifically
addressed shuuld ot be considered prohibited. The Code
is not a handbc k aud cannot replace education, experi-
ence, and the use of engineering judgment. The phrase
engnecing judgment refers to technical judgments made
by kncwledg: able designers experienced in the application
ot e Cude. Engineering judgments must be consistent
w.th Code philosophy and such judgments must never
he used to overrule mandatory requirements or specific
prohibitions of the Code.

! Construction, as used in this Foreword, is an all-inclusive term com-
prising materials, design, fabrication, examination, inspection, testing,
certification, and pressure relief.

vii

The Committee recognizes that tools and techniqu s
used for design and analysis change as techrology pro.-
resses and expects engineers to use good judgn.>nt in the
application of these tools. The designer is.res; ons.ole for
complying with Code rules and demons‘ratin, compliance
with Code equations when such equ.ions »¢ mandatory.
The Code neither requires nor prohibits e use of comput-
ers for the design or analysis of components constructed
to the requirements of the Coac.* 'owever, designers and
engineers using compute= pro_rams for design or analysis
are cautioned that thc: arc.~esponsible for all technical
assumptions inhere. * in he programs they use and they
are responsible for the application of these programs to
their design.

The Code aes not fully address tolerances. When
dimensicns, :izes, or other parameters are not specified
w.h tolerances, the values of these parameters are consid-
cred s ominal and allowable tolerances or local variances
may be considered acceptable when based on engineering
juagment and standard practices as determined by the
designer.

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 method of design
or any form of construction that conforms to the Code rules.

The Boiler and Pressure Vessel Committee meets regu-
larly to consider revisions of the rules, new rules as dictated
by technological development, Code Cases, and requests
for interpretations. Only the Boiler and Pressure Vessel
Committee has the authority to provide official interpreta-
tions of this Code. Requests for revisions, new rules, Code
Cases, or interpretations shall be addressed to the Secretary
in writing and shall give full particulars in order to receive
consideration and action (see Mandatory Appendix cov-
ering preparation of technical inquiries). Proposed revi-
sions to the Code resulting from inquiries will be presented
to the Main Committee for appropriate action. The action
of the Main Committee becomes effective only after con-
firmation by letter ballot of the Committee and approval
by ASME.
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Proposed revisions to the Code approved by the
Committee are submitted to the American
National Standards Institute and published at
http://cstools.asme.org/csconnect/public/index.cfm?
PublicReview = Revisions to invite comments from all
interested persons. After the allotted time for public review
and final approval by ASME, revisions are published in
updates to the Code.

Code Cases may be used in the construction of compo-
nents to be stamped with the ASME Code symbol begin-
ning with the date of their approval by ASME.

After Code revisions are approved by ASME, they may
be used beginning with the date of issuance. Revisions,
except for revisions to material specifications in Section
II, Parts A and B, become mandatory six months after such
date of issuance, except for boilers or pressure vessels
contracted for prior to the end of the six-month period.
Revisions to material specifications are originated by the
American Society for Testing and Materials (ASTM) and
other recognized national or international organizations,
and are usually adopted by ASME. However, those revi-
sions may or may not have any effect on the suitability of
material, produced to earlier editions of specifications, for
use in ASME construction. ASME material specifications
approved for use in each construction Code are listed in
the Guidelines for Acceptable ASTM Editions and in the
Guidelines for Acceptable Non-ASTM Editions, in Section
II, Parts A and B. These Guidelines list, for each specifica-
tion, the latest edition adopted by ASME, and earlier and
later editions considered by ASME to be identical fut
ASME construction.

The Boiler and Pressure Vessel Committee .n thy forn u-
lation of its rules and in the establishment of ,raximum
design and operating pressures considers.ma =rials, con-
struction, methods of fabrication, insuecion, and safety
devices.

The Code Committee does not rui.. on whether a compo-
nent shall or shall not be contruc =d to the provisions of
the Code. The Scope of each Scton has been established
to identify the comporci's and pacameters considered by
the Committee in forn ulatiig the Code rules.

Questions or issue. regarding compliance of a specific
component wit.) the Code rules are to be directed to the

viii

ASME Certificate Holder (Manufacturer). Inquiries con-
cerning the interpretation of the Code are to be directed
to the ASME Boiler and Pressure Vessel Committee.
ASME is to be notified should questions arise concerning
improper use of an ASME Code symbol.

The specifications for materials given in Section II are
identical with or similar to those of specifications published
by ASTM, AWS, and other recognized national or interna-
tional organizations. When reference is made in an ASME
material specification to a non-ASME specification fcs
which a companion ASME specification exists, ti.> refer-
ence shall be interpreted as applying to the ASM." ma.>rial
specification. Not all materials included in tl'e n.aterial
specifications in Section II have been ~dojted i~ Code
use. Usage is limited to those materials ar. grac~+ adopted
by at least one of the other Sections of the Cou= for applica-
tion under rules of that Section. All 11aterials allowed by
these various Sections and used for cc truction within the
scope of their rules shall be furni.hed i . accordance with
material specifications cop*~ined ir Section II or referenced
in the Guidelines for +.cep.ble Editions in Section II,
Parts A and B, except whe ¢ otherwise provided in Code
Cases or in the ~pg licable Section of the Code. Materials
covered by these . ecirications are acceptable for use in
items caver¢d by the Code Sections only to the degree
indica*ed i » theapplicable Section. Materials for Code use
should . -efeixbly be ordered, produced, and documented
on .his basis; Guidelines for Acceptable Editions in
Secuan I, Part A and Guidelines for Acceptable Editions
in Section II, Part B list editions of ASME and year dates
ol specifications that meet ASME requirements and which
may be used in Code construction. Material produced to
an acceptable specification with requirements different
from the requirements of the corresponding specifications
listed in the Guidelines for Acceptable Editions in Part A
or Part B may also be used in accordance with the above,
provided the material manufacturer or vessel manufacturer
certifies with evidence acceptable to the Authorized Inspec-
tor that the corresponding requirements of specifications
listed in the Guidelines for Acceptable Editions in Part A
or Part B have been met. Material produced to an acceptable
material specification is not limited as to country of origin.

When required by context in this Section, the singular
shall be interpreted as the plural, and vice-versa; and the
feminine, masculine, or neuter gender shall be treated as
such other gender as appropriate.

(
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STATEMENT OF POLICY
ON THE USE OF CODE SYMBOLS AND
CODE AUTHORIZATION IN ADVERTISING

ASME has established procedures to authorize qualified
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 recogni-
tion of organizations so authorized. An organization hold-
ing 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 that have been con-
structed 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 sym-
bols 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

99 G EEINT3

Engineers does not “approve,” “certify,” “rate,” or
“endorse” any item, construction, or activity and there shall
be no statements or implications that might so indicate. An
organization holding a Code Symbol and/or a Certificate of
Authorization may state in advertising literature that items,
constructions, or activities “are built (produced or per-
formed) or activities conducted in accordance with the
requirements of the ASME Boiler and Pressure Vessel
Code,” or “meet the requirements of the ASME Boiler and
Pressure Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Symbol shall be used only for stamping and
nameplates as specifically provided in the Code. However,
facsimiles may be used for the purpose of fostering the
use of such construction. Such usage may be by an associa-
tion or a society, or by a holder of a Code Symbol who
may also use the facsimile in advertising to show that
clearly specified items will carry the symbol. General usage
is permitted only when all of a manufacturer’s items are
constructed under the rules.

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

The ASME Boiler and Pressure Vessel Code provides
rules for the construction of boilers, pressure vessels, and
nuclear components. This includes requirements for mate-
rials, design, fabrication, examination, inspection, and
stamping. Items constructed in accordance with all of the
applicable rules of the Code are identified with the official
Code Symbol Stamp described in the governing Section
of the Code.

Markings such as “ASME,” “ASME Standard,” or any
other marking including “ASME” or the various Code

ix

Symbols shall not be used on any item that is not con-
structed in accordance with all of the applicable require-
ments of the Code.

Items shall not be described on ASME Data Report
Forms nor on similar forms referring to ASME that tend
to imply that all Code requirements have been met when,
in fact, they have not been. Data Report Forms covering
items not fully complying with ASME requirements should
not refer to ASME or they should clearly identify all excep-
tions to the ASME requirements.
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T. L. Bedeaux, Chair E. A. Nordstrom

J. Calland, Vice Chair R. E. Olson
C. M. Dove J. L. Seigle
B. G. French R. V. Wielgoszinski

A. P. Jones H. Michael, Delegate

COMMITTEE ON
NONDESTRUCTIVE EXAMINATION (V)

J. E. Batey, Chair A. B. Nagel
F. B. Kovacs, Vice Chair C. A. Nove
J. Brzuszkiewicz, Staff T. L. Plasek

Secretary F. J. Sattler
S. J. Akrin G. M. Gatti, Delegate
C. A. Anderson B. H. Clark, Jr., Honorary
J. E. Aycock Member
A. S. Birks H. C. Graber, Honorary
P. L. Brown Member
N. Y. Faransso O. F. Hedden, Honorary
A. F. Garbolevsky Member
G. W. Hembree J. R. MacKay, Honorary
R. W. Kruzic Member
J. R. McGimpsey T. G. McCarty, Honorary

M. D. Moles Member
Subgroup on General Requirements/
Personnel Qualifications and Inquiries (BPV V)

F. B. Kovacs, Chair G. W. Hembree

C. A. Anderson J. W. Houf
J. E. Batey J. R. MacKay
A. S. Birks J. P. Swezy, Jr.

N. Y. Faransso

Subgroup on Surface Examination Methods (BPV V)
A. S. Birks, Chair G. W. Hembree

S. J. Akrin R. W. Kruzic
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N. Y. Faransso F. C. Turnbull

N. Farrenbaugh G. M. Gatti, Delegate

N. A. Finney
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S. J. Akrin R. W. Kruzic
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J. E. Batey M. D. Moles
P. L. Brown A. B. Nagel
B. Caccamise C. A. Nove
N. Y. Faransso T. L. Plasek
A. F. Garbolevsky F. J. Sattler
R. W. Hardy G. M. Gatti, Delegate
R. A. Kellerhall

Working Group on Acoustic Emissions (SG-VM) (BPV V)
N. Y. Faransso, Chair J. E. Batey
J. E. Aycock R. K. Miller

Working Group on Radiography (SG-VM) (BPV V)

F. B. Kovacs, Chair G. W. Hembree
S. J. Akrin R. W. Kruzic
J. E. Aycock J. R. McGimpsey
J. E. Batey R. J. Mills
P. L. Brown A. B. Nagel
B. Caccamise C. A. Nove
N. Y. Faransso T. L. Plasek
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R. W. Kruzic, Chair R. A. Kellerhall
J. E. Aycock M. D. Moles
B. Caccamise A. B. Nagel
N. Y. Faransso C. A. Nove
N. A. Finney F. J. Sattler
O. F. Hedden
COMMITTEE ON PRESSURE VESSELS (VIII)
T. P. Pastor, Chair D. T. Peters
U. R. Miller, Vice Chair M. J. Pischke
S. ). Rossi, Staff Secretary M. D. Rana
T. Schellens, Staff Secretary G. B. Rawls, Jr.
R. J. Basile S. C. Roberts
J. Cameron C. D. Rodery
D. B. DeMichael A. Selz
J. P. Glaspie J. R. Sims, Jr.
M. Gold D. A. Swanson
J. F. Grubb K. K. Tam
L. E. Hayden, Jr. S. Terada
G. G. Karcher E. Upitis
K. T. Lau P. A. McGowan, Delegate
J. S. Lee H. Michael, Delegate
R. Mahadeen K. Oyamada, Delegate
S. Malone M. E. Papponetti, Delegate
R. W. Mikitka D. Rui, Delegate

K. Mokhtarian T. Tahara, Delegate

C. C. Neely W. S. Jacobs, Contributing
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D. A. Osage
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Subgroup on Design (BPV VIII)

U. R. Miller, Chair

R. J. Basile, Vice Chair
M. D. Lower, Secretary
O. A. Barsky

M. R. Breach

F. L. Brown

J. R. Farr

C. E. Hinnant
M. H. Jawad
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K. Mokhtarian
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M. D. Rana
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Oyamada, Delegate
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Member
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Member
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C. D. Rodery, Chair

J. P. Swezy, Jr., Vice Chair
B. R. Morelock, Secretary
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L. F. Campbell

H. E. Gordon

W. S. Jacobs
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J
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. F. Shelley

. L. Sturgill

T. Tahara

K. Oyamada, Delegate
R. Uebel, Delegate
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J. P. Glaspie

L. E. Hayden, Jr.

K. T. Lau

M. D. Lower

C. C. Neely
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S. R. Babka
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O. A. Barsky
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A. Chaudouet

M. D. Clark

J. 1. Gordon

M. J. Holtz

F. E. Jehrio

G. G. Karcher

D. L. Kurle

B. ). Lerch

S. Mayeux
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R.J. Stastny

K. Oyamada, Delegate

F. Osweiller, Corresponding
Member

S. Yokell, Corresponding
Member

S. M. Caldwell, Honorary
Member

Subgroup on High-Pressure Vessels (BPV VIII)

D. T. Peters, Chair

A. P. Maslowski, Staff
Secretary

L. P. Antalffy

R. C. Biel

P. N. Chaku

R. Cordes

R. D. Dixon

D. M. Fryer

R. T. Hallman

A. H. Honza

M. M. James

P. Jansson

J. A. Kapp

J. Keltjens

D. P. Kendall

A. K. Khare

S. C. Mordre

E. A. Rodriguez

E. D. Roll

J. R. Sims, Jr.

D. L. Stang

F. W. Tatar

S. Terada

R. Wink

K. Oyamada, Delegate

L. Fridlund, Corresponding
Member

M. D. Mann, Contributing
Member

G. ). Mraz, Contributing
Member

D. J. Burns, Honorary Member

E. H. Perez, Honorary
Member

Subgroup on Materials (BPV VIII)

J. F. Grubb, Chair
J. Cameron, Vice Chair

P. G. Wittenbach, Secretary

A. Di Rienzo
M. Gold

M. Katcher
W. M. Lundy
D. W. Rahoi
R. C. Sutherlin
E. Upitis

K. Oyamada, Delegate

E. E. Morgenegg,
Corresponding Member

E. G. Nisbett, Corresponding
Member

G. S. Dixit, Contributing
Member

J. A. McMaster, Contributing
Member

Subgroup on Toughness (BPV Il & BPV VIII)

D. A. Swanson, Chair
J. L. Arnold

R. J. Basile

J. Cameron

H. E. Gordon

W. S. Jacobs

K. Mokhtarian

C. C. Neely

M. D. Rana

F. L. Richter

J. P. Swezy, Jr.

E. Upitis

J. Vattappilly

K. Oyamada, Delegate

Special Working Group on Graphite Pressure Equipment

S. Malone, Chair

E. Soltow, Vice Chair
T. F. Bonn

F. L. Brown

(BPV VIII)

R. W. Dickerson
B. Lukasch

M. R. Minick

A. A. Stupica

Task Group on Impulsively Loaded Vessels (BPV VIII)

R. E. Nickell, Chair
G. A. Antaki

J. K. Asahina
D. D. Barker

R. C. Biel

D. W. Bowman
A. M. Clayton
J. E. Didlake, Jr.
T. A. Duffey

B. L. Haroldsen
H. L. Heaton
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COMMITTEE ON WELDING AND BRAZING (IX)

J. G. Feldstein, Chair
W. J. Sperko, Vice Chair
S. J. Rossi, Staff Secretary
D. A. Bowers

R. K. Brown, Jr.

M. L. Carpenter

P. D. Flenner

R. M. Jessee

J. S. Lee

W. M. Lundy

T. Melfi

W. F. Newell, Jr.

B. R. Newmark

A. S. Olivares

M. J. Pischke

M. J. Rice

M. B. Sims

M. J. Stanko

J. P. Swezy, Jr.

P. L. Van Fosson

R. R. Young

S. Raghunathan, Contributing
Member

S. D. Reynolds, Jr.,
Contributing Member

W. D. Doty, Honorary
Member

Subgroup on Brazing (BPV IX)

M. J. Pischke, Chair
E. W. Beckman
L. F. Campbell

M. L. Carpenter
A. F. Garbolevsky
J. P. Swezy, Jr.

Subgroup on General Requirements (BPV 1X)

B. R. Newmark, Chair
E. W. Beckman

P. R. Evans

R. M. Jessee

A. S. Olivares

H. B. Porter

P. L. Sturgill

K. R. Willens

E. Molina, Delegate

Subgroup on Materials (BPV IX)

S. E. Gingrich
R. M. Jessee
C. C. Kim
T M
S. D.

E.

J. Sperko
J. Stanko
R. Young
Gi

C.
W.
M.
R.
V. Giunto, Delegate

Subgroup on Performance Qualification (BPV IX)

. Bowers, Chair
. Bell

. Evans

K. L. Hayes

J. S. Lee

W. M. Lundy
E. G. Reichelt
M. B. Sims

G. W. Spohn I

Subgroup on Procedure Qualification (BPV IX)

D. A. Bowers, Chair
M. J. Rice, Secretary
M. Bernasek

R. K. Brown, Jr.

J. R. McGimpsey
W. F. Newell, Jr.

A. S. Olivares

S. D. Reynolds, Jr.
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M. B. Sims

W. J. Sperko

S. A. Sprague

J. P. Swezy, Jr.

P. L. Van Fosson

T. C. Wiesner

E. Molina, Delegate

COMMITTEE ON
FIBER-REINFORCED PLASTIC PRESSURE VESSELS (X)

D. Eisberg, Chair

P. ). Conlisk, Vice Chair
P. D. Stumpf, Staff Secretary
F. L. Brown

J. L. Bustillos

T. W. Cowley

I. L. Dinovo

T. ). Fowler

M. R. Gorman

D. H. Hodgkinson

L. E. Hunt

D. L. Keeler

B. M. Linnemann
N. L. Newhouse
D. J. Painter

G. Ramirez

J. R. Richter

J. A. Rolston

B. F. Shelley

F. W. Van Name
D. O. Yancey, Jr.
P. H. Ziehl

COMMITTEE ON
NUCLEAR INSERVICE INSPECTION (XI)

G. C. Park, Chair

R. W. Swayne, Vice Chair
R. L. Crane, Staff Secretary
W. H. Bamford, Jr.

C. B. Cantrell
R. C. Cipolla
M. L. Coats

D. D.

R. L. Dyle

E. L. Farrow
J. Fletcher

E. B. Gerlach
R. E. Gimple
F. E. Gregor
K. Hasegawa
D. O. Henry
. C. Keenan
. D. Kerr

. D. Kulat

. L. Lagleder
. W. Lamond
LA
. E.

—

Lofthus
Norris
. Rhyne
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D. A. Scarth
F. ). Schaaf, Jr.
J. C. Spanner, Jr.
L. Stevens
B. Thomas
W. Throckmorton Ill

G.
K.
E. W
D.
R.
C.
R.
K.
T.
Y.

-S. Chang, Delegate

J. T. Lindberg, Alternate

L. ). Chockie, Honorary
Member

C. D. Cowfer, Honorary
Member

O. F. Hedden, Honorary
Member

L. R. Katz, Honorary Member

P. C. Riccardella, Honorary

Member

Executive Committee (BPV XI)

R. W. Swayne, Chair

G. C. Park, Vice Chair

R. L. Crane, Staff Secretary
W. H. Bamford, Jr.

R. L. Dyle

R. E. Gimple

J. T. Lindberg

W. E. Norris

K. Rhyne

J. C. Spanner, Jr.
K. B. Thomas

R. A. West

R. A. Yonekawa

Subgroup on Evaluation Standards (SG-ES) (BPV XI)

W. H. Bamford, Jr., Chair
G. L. Stevens, Secretary
H.-D. Chung

R. C. Cipolla

G. H. DeBoo

R. L.

B. R.

T. J. Griesbach

K. Hasegawa

K. Hojo

D. N. Hopkins

Y. Imamura

K. Koyama

D. R. Lee

H. S. Mehta

J. G. Merkle
M. A. Mitchell
K. Miyazaki

S. Ranganath
D. A. Scarth
T.-L. Sham

K. R. Wichman
K. K. Yoon
Y.-S. Chang, Delegate
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Working Group on Flaw Evaluation (SG-ES) (BPV XI)

R. C. Cipolla, Chair
G. H. DeBoo, Secretary
W. H. Bamford, Jr.
M. Basol

B. Bezensek

J. M. Bloom

H.-D. Chung

B. R. Ganta

R. G. Gilada

T. J. Griesbach

H. L. Gustin

F. D. Hayes

P. H. Hoang

K. Hojo

D. N. Hopkins

K. Koyama

D. R. Lee

H. S. Mehta
J. G. Merkle
K. Miyazaki
R. K. Qashu
S. Ranganath
D. L. Rudland
P. ). Rush

D. A. Scarth

Working Group on Operating Plant Criteria (SG-ES) (BPV XI)

T. ). Griesbach, Chair
W. H. Bamford, Jr.
H. Behnke

B. A. Bishop

T. L. Dickson

R. L. Dyle

S. R. Gosselin

M. Hayashi

H. S. Mehta

M. A. Mitchell
R. Pace

S. Ranganath
W. L. Server
E. A. Siegel
D. V. Sommerville
G. L. Stevens

D. P. Weakland
K. K.

Working Group on Pipe Flaw Evaluation (SG-ES) (BPV XI)

D. A. Scarth, Chair
G. M. Wilkowski, Secretary
T. A. Bacon
W. H. Bamford, Jr.
Bezensek

Chung

Cipolla

B.
H.-D.
R. C.
NGCoﬂe
. M.
H

L. F. Goyette
K. Hasegawa
P. H. Hoang

K. Hojo

D. N. Hopkins
K. Kashima

R. O. McGill
H. S. Mehta
K. Miyazaki
D. L. Rudland

Subgroup on Nondestructive Examination (SG-NDE) (BPV XI)

J. C. Spanner, Jr., Chair
G. A. Lofthus, Secretary
C. A. Anderson

T. L. Chan

C. B. Cheezem

D. R. Cordes

F. E. Dohmen

M. E. Gothard

D. O. Henry
D. Kurek

G. L. Lagleder
J. T. Lindberg
G. R. Perkins
A. S. Reed

F. ). Schaaf, Jr.
C. J. Wirtz

Working Group on Personnel Qualification and Surface
Visual and Eddy Current Examination (SG-NDE) (BPV XI)

S. Reed, Chair

R. Cordes, Secretary
A. Anderson

L. Curtis

Farenbaugh

. O. Henry

M. Hoffman
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J. W. Houf

J. T. Lindberg

D. R. Quattlebaum, Jr.
D. Spake

J. C. Spanner, Jr.

M. C. Weatherly

C. J. Wirtz

Working Group on Procedure Qualification
and Volumetric Examination (SG-NDE) (BPV XI)

E. Gothard, Chair
R. Perkins, Secretary
T. Anderson

B. Cheezem

D. Chockie

R. Doctor

E. Dohmen

J. Hacker
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Subgroup on Repair/Replacement Activities (SG-RRA) (BPV XI)

. A. Yonekawa, Chair
. V. Farrell, Jr., Secretary
. B. Brown

. E. Cantrell

. D. Fisher
. M. Gamber

. B. Gerlach

. E. Gimple

. R. Graham

. A. Hermann
. ). Karwoski

J.

McCracken

Newton
. E. O'Sullivan
R. Stevenson
W. Swayne
E. Waskey
. G.
G.

C.

. D. Kerr
. L.

.R.

—

R.
R.
D.
Weicks

Reichelt, Alternate

—

E.

Working Group on Welding and Special Repair Processes
(SG-RRA) (BPV XI)

D. E. Waskey, Chair
D. ). Tilly, Secretary
R. E. Cantrell

S. J. Findlan

P. D. Fisher

M. L. Hall

R. A. Hermann

K. J. Karwoski

C. C. Kim

M. Lau

S. L. McCracken
D. B. Meredith
B. R. Newton

J. E. O'Sullivan
G. R. Poling

R. E. Smith

J. G. Weicks

K. R. Willens

Working Group on Design and Programs (SG-RRA) (BPV XI)

E. B. Gerlach, Chair
S. B. Brown, Secretary
O. Bhatty

J. W. Collins

R. R. Croft

G. G. Elder

E. V. Farrell, Jr.

S. K. Fisher

J. M. Gamber

Xix

. Graham
. Harttraft
. Hiss
. Pyne
. Stevenson
. Swayne
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D.
G.
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>—UI§W>”"-H7U

Copyright © 2010 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)




Subgroup on Water-Cooled Systems (SG-WCS) (BPV XI)

K. B. Thomas, Chair
N. A. Palm, Secretary
. M. Agold

. L. Armentrout

M. Boughman
T. Chesworth
L. Coats
D.
QD

<

J.
S.
M.
D.
H
E. L. Farrow
M.
0.

S. D. Kulat

D. W. Lamond

A. McNeill 11

T. Nomura

W. E. Norris

G. C. Park

J. E. Staffiera

E. W. Throckmorton Ill
R. A. West

G. E. Whitman

H. L. Graves lll, Alternate

Working Group on Containment (SG-WCS) (BPV XI)

J. E. Staffiera, Chair

M. Stephens, Jr., Secretary
Brown
Cox

H
S. G.
R. C.
. W. Crider
J.
S.

—

Ferlisi
Ghosal

M.
P
D. H. Goche

H. L. Graves Il

H. T. Hill

R. D. Hough

C. N. Krishnaswamy
D. J. Naus

F. Poteet 11l

G. Thomas

W. E. Norris, Alternate

Working Group on ISI Optimization (SG-WCS) (BPV XI)

D. R. Cordes, Chair

S. A. Norman, Secretary
W. H. Bamford, Jr.

J. M. Boughman

J. W. Collins

M. E. Gothard

R. E. Hall

Working Group on Implementation of Risk-Based Examination

. H. Mahindrakar
. Sabo

(SG-WCS) (BPV XI)

D. Kulat, Chair

T. Chesworth, Secretary
M. Agold

A. Bishop
Cueto-Felgueroso

H. Q. Do

R. Fougerousse

M. R. Graybeal

J. Hakii

K. W. Hall

S.
S.
J.

B.
C.

K. M. Hoffman
A. T. Keim

D. W. Lamond
J. T. Lewis

R. K. Mattu

A. McNeill 1l
P.J. O’'Regan
N. A. Palm

M. A. Pyne

J. C. Younger

Working Group on Inspection of Systems and Components
(SG-WCS) (BPV XI)

J. M. Agold, Chair
V. L. Armentrout, Secretary
C. Cueto-Felgueroso

H. Q. Do

M. J. Ferlisi

R. Fougerousse

K.

W. Hall

S. D. Kulat

T. A. Meyer
D. G. Naujock
T. Nomura

C. M. Ross

K. B. Thomas
G. E. Whitman

Working Group on Pressure Testing (SG-WCS) (BPV XI)

D. W. Lamond, Chair

J. M. Boughman, Secretary
Y.-K. Chung

J. J. Churchwell

T. Coste

J. A. Doughty

G. L. Fechter IV

R. E. Hall

A. McNeill 111

B. L. Montgomery

P. N. Passalugo

E. ). Sullivan, Jr.

E. W. Throckmorton IlI

Special Working Group on Editing and Review (BPV XI)

R. W. Swayne, Chair
C. E. Moyer
K. R. Rao

J. E. Staffiera

D. J. Tilly
C. ). Wirtz

Special Working Group on Nuclear Plant Aging (BPV XI)

T. A. Meyer, Chair

D. V. Burgess, Secretary
S. Asada

Y.-K. Chung

D. D. Davis

F. E. Gregor

A. L. Hiser, Jr.

A. B. Meichler
R. E. Nickell
K. Sakamoto
W. L. Server
R. L. Turner

G. G. Young

G. E. Carpenter, Alternate

Special Working Group on High-Temperature Gas-Cooled
Reactors (BPV XI)

J. Fletcher, Chair

M. A. Lockwood, Secretary
N. Broom

C. Cueto-Felgueroso

K. N. Fleming

S. R. Gosselin

M. R. Graybeal

A. B. Hull

R. K. Miller
M. N. Mitchell
T. Roney

F. ). Schaaf, Jr.
F. Shahrokhi
R. W. Swayne

Working Group on General Requirements (BPV XI)

K. Rhyne, Chair

E. ). Maloney, Secretary
G. P. Alexander

T. L. Chan

M. L. Coats

E. L. Farrow

J. C. Keenan

R. K. Mattu
S. R. Scott
G. E. Szabatura

COMMITTEE ON TRANSPORT TANKS (XII)

M. D. Rana, Chair
S. Staniszewski, Vice Chair
D. R. Sharp, Staff Secretary
A. N. Antoniou

C. H. Hochman

G. G. Karcher

N. J. Paulick

M. D. Pham
M. Pitts

T. A. Rogers
A. Selz

W. K. Smith
A. P. Varghese
M. R. Ward

Subgroup on Design and Materials (BPV XII)

P. Varghese, Chair
C. Sallash, Secretary
Chilukuri

Hitchcock

G. Karcher

L. McWilliams

. J. Paulick
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Subgroup on Fabrication and Inspection (BPV XII)

J. A. Byers
B. L. Gehl
L. D. Holsinger

D. J. Kreft
A. S. Olivares
L. H. Strouse

Subgroup on General Requirements (BPV XII)

C. H. Hochman, Chair
A. N. Antoniou, Secretary
T. W. Alexander

J. L. Freiler
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K. L. Gilmore

M. Pitts

J. L. Rademacher
T. Rummel

R. C. Sallash

W. K. Smith

S. Staniszewski
L. H. Strouse

Subgroup on Nonmandatory Appendices (BPV XII)

T. A. Rogers, Chair

S. Staniszewski, Secretary
D. D. Brusewitz
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T. Eubanks

B. L. Gehl

T. Hitchcock

S. L. McWilliams
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J. L. Rademacher
A. Selz

D. G. Shelton

COMMITTEE ON BOILER AND
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. C. LaRochelle, Chair
. D. Edwards, Vice Chair
. I. Baron, Staff Secretary

Member

. F. Harrison, Jr., Contributing

C. Cook, Alternate

D. Danzy, Alternate
A. DeVries, Alternate
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INTRODUCTION

The following is a brief introduction to the 2007 Edition
of Section IX and cannot be considered as a substitute for
the actual review of appropriate sections of the document.
However, this introduction is intended to give the reader
a better understanding of the purpose and organization of
Section IX.

Section IX of the ASME Boiler and Pressure Vessel
Code relates to the qualification of welders, welding opera-
tors, brazers, and brazing operators, and the procedures
employed in welding or brazing in accordance with the
ASME Boiler and Pressure Vessel Code and the ASME
B31 Code for Pressure Piping. As such, this is an active
document subject to constant review, interpretation, and
improvement to recognize new developments and research
data. Section IX is a document referenced for qualification
by various construction codes such as Section I, III, 1V,
VIII, etc. These particular construction codes apply to spe-
cific types of fabrication and may impose additional weld-
ing requirements or exemptions to Section IX
qualifications. Qualification in accordance with Section IX
is not a guarantee that procedures and performance qualifi-
cations will be acceptable to a particular construction code.

Section IX establishes the basic criteria for welding and
brazing which are observed in the preparation of welding
and brazing requirements that affect procedure and per-
formance. It is important that the user of the 2007 Edition
of Section IX understand the basic criteria in reviewing
the requirements which have been established.

Section IX does not contain rules to cover all welding
and brazing factors affecting production weld or braze
properties under all circumstances. Where such welding
or brazing factors are determined by the Manufacturer to
affect weld or braze properties, the Manufacturer shall
address those welding or brazing factors to ensure that the
required properties are achieved in the production weld-
ment or brazement.

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. This also applies to the Brazing
Procedure Specifications (BPS) and the brazer and brazing
operator qualifications. The procedure qualification test is
to establish the properties of the weldment or brazement
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and not the skill of the personnel performing the welding
or brazing. In addition, special consideration is given when
notch toughness is required by other Sections of the Code.
The notch-toughness variables do not apply unless refer-
enced by the construction codes.

In Welder or Brazer/Brazing Operator Performance
Qualification, the basic criterion is to determine the ability
to deposit sound weld metal, or to make a sound braze.
In Welding Operator Performance Qualification, the basic
criterion is to determine the mechanical ability of the weld-
ing operator to operate the equipment.

In developing the present Section IX, each welding pro-
cess and brazing process that was included was reviewed
with regard to those items (called variables) which have
an effect upon the welding or brazing operations as applied
to procedure or performance criteria.

The user of Section IX should be aware of how Section
IX is organized. It is divided into two parts: welding and
brazing. Each part is then divided into articles. These arti-
cles deal with the following:

(a) general requirements (Article I Welding and Article
XI Brazing)

(b) procedure qualifications (Article IT Welding and
Article XII Brazing)

(c) performance qualifications (Article III Welding and
Article XIII Brazing)

(d) data (Article IV Welding and Article XIV Brazing)

(e) standard welding procedures (Article V Welding)

These articles contain general references and guides that
apply to procedure and performance qualifications such as
positions, type and purpose of various mechanical tests,
acceptance criteria, and the applicability of Section IX,
which was in the Preamble of the 1980 Section IX (the
Preamble has been deleted). The general requirement arti-
cles reference the data articles for specifics of the testing
equipment and removal of the mechanical test specimens.

PROCEDURE QUALIFICATIONS

Each process that has been evaluated by Section IX is
listed separately with the essential and nonessential vari-
ables as they apply to that particular process. In general, the
Welding Procedure Specifications (WPS) and the Brazing
Procedure Specifications (BPS) are to list all essential and
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nonessential variables for each process that is included
under that particular procedure specification. If a change
is made in any essential variable, requalification of the
procedure is required. If a change is made in a nonessential
variable, the procedure need only be revised or amended
to address the nonessential variable change. When notch
toughness is required by the construction code, the supple-
mentary essential variables become additional essential
variables and a change requires requalification of the
procedure.

In addition to covering various processes, there are also
rules for procedure qualification of corrosion-resistant weld
metal overlay and hard-facing weld metal overlay.

Beginning with the 2000 Addenda, the use of Standard
Welding Procedure Specifications (SWPSs) was permitted.
Article V provides the requirements and limitations that
govern the use of these documents. The SWPSs approved
for use are listed in Appendix E.

In the 2004 Edition, rules for temper bead welding were
added.

PERFORMANCE QUALIFICATIONS

These articles list separately the various welding and
brazing processes with the essential variables that apply
to the performance qualifications of each process. The
welder, welding operator, brazer, and brazing operator
qualifications are limited by essential variables.

The performance qualification articles have numerous
paragraphs describing general applicable variables for all
processes. QW-350 and QB-350 list additional essential
variables which are applicable for specific processes. The
QW-350 variables do not apply to welding operators.
QW-360 lists the additional essential variables for welding
operators.

Generally, a welder or welding operator may be qualified
by mechanical bending tests, or volumetric NDE of a test
coupon, or the initial production weld. Brazers or brazing
operators may not be qualified by volumetric NDE.

WELDING AND BRAZING DATA

The welding and brazing data articles include the vari-
ables grouped into categories such as joints, base materials
and filler materials, positions, preheat/postweld heat treat-
ment, gas, electrical characteristics, and technique. They
are referenced from other articles as they apply to each
process.

These articles are frequently misused by selecting vari-
ables that do not apply to a particular process. Variables
(QW-402 to QW-410 and QB-402 to QB-410) only apply
as referenced for the applicable process in Article II or
Article III for welding and Article XII or Article XIII for
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brazing. The user of Section IX should not try to apply
any variable which is not referenced for that process in
QW-250, QW-350, QW-360, QB-250, or QB-350.

These articles also include assignments of P-Numbers
and F-Numbers to particular base materials and filler mate-
rials. Article IV also includes A-Number tables for refer-
ence by the manufacturer.

Beginning with the 1994 Addenda, the welding
P-Numbers, brazing P-Numbers, and nonmandatory
S-Numbers were consolidated into one table identified as
QW/QB-422. Both the QB-422 table (brazing P-Numbers)
and Appendix C table (S-Numbers) were deleted. The new
QW/QB-422 table was divided into ferrous and nonferrous
sections. Metals were listed in numerical order by material
specification number to aid users in locating the appropriate
grouping number. An abbreviated listing of metals grouped
by P-Numbers, Nonmandatory Appendix D, has been
included for users still wishing to locate groupings of met-
als by welding P-Number.

In the 2009 Addenda, S-Number base metals listed in
the QW/QB-422 table were reassigned as P-Numbers and
the S-Number listings and references were deleted.

The QW-451 and QB-451 tables for procedure qualifi-
cation thickness requirements and the QW-452 and QB-452
tables for performance thickness qualifications are given
and may only be used as referenced by other paragraphs.
Generally, the appropriate essential variables reference
these tables.

Revisions to the 1980 Edition of Section IX introduced
new definitions for position and added a fillet weld orienta-
tion sketch to complement the groove-weld orientation
sketch. The new revision to position indicates that a welder
qualifies in the 1G, 2G, 3G, etc., position and is then
qualified to weld, in production, in the F, V, H, or O
positions as appropriate. QW-461.9 is a revised table that
summarizes these new qualifications.

The data articles also give sketches of coupon orienta-
tions, removal of test specimens, and test jig dimensions.
These are referenced by Articles I and XI.

QW-470 describes etching processes and reagents.

At the end of Articles IV and XIV is a list of general
definitions applicable to Section IX, welding and brazing,
respectively. These may differ slightly from other welding
documents.

Nonmandatory Forms for welding and brazing procedure
and performance qualifications appear in Appendix B.
These forms are provided for the aid of those who do not
wish to design their own forms. Any form(s) that address
all applicable requirements of Section IX may be used.

With the incorporation of the new Creep-Strength
Enhanced Ferritic (CSEF) alloys into the Code, using the
existing P-Number groupings to specify PWHT parameters
can lead to variations in heat treatments that may signifi-
cantly degrade the mechanical properties of these alloys.

(
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CSEF alloys are a family of ferritic steels whose creep
strength is enhanced by the creation of a precise condition
of microstructure, specifically martensite or bainite, which
is stabilized during tempering by controlled precipitation
of temper-resistant carbides, carbo-nitrides, or other stable
phases.

In the 2007 Edition of the Code, only P-No. 5B, Group 2
Base metals met this definition and was approved for Code
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construction. Looking forward, a number of CSEF alloys
are already in use in Code Cases and drawing near to
incorporation. To facilitate addressing their special require-
ments, P-Numbers 15A through P-Number 15F have been
established for CSEF alloys.
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