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Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME,” ASME logos,
or the ASME Single Certification Mark shall not be used on any item that is not constructed in
accordance with all of the applicable requirements of the Code or Standard. Use of the ASME
Single Certification Mark requires formal ASME certification; if no certification program is
available, such ASME markings may not be used. (For Certification and Accreditation Programs,
see https://www.asme.org/certification-accreditation.)

Items produced by parties not formally possessing an ASME Certificate may not be described,
either explicitly or implicitly, as ASME certified or approved in any code forms or other-document.
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FOREWORD"

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee to.for-
mulate standard rules for the construction of steam boilers and other pressure vessels. In 2009, the Boiler and Pressure
Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

(c) Committee on Construction of Nuclear Facility Components (III)

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

(g) Committee on Welding, Brazing, and Fusing (IX)

(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

() Technical Oversight Management Committee (TOMC)

Where reference is made to “the Committee” in this Foreword, each of\these committees is included individually and
collectively.

The Committee’s function is to establish rules of safety relatinng only to pressure integrity, which govern the
construction” of boilers, pressure vessels, transport tanks, and giuclear components, and the inservice inspection of nu-
clear components and transport tanks. The Committee also interprets these rules when questions arise regarding their
intent. The technical consistency of the Sections of the Code,and coordination of standards development activities of the
Committees is supported and guided by the Technical Oversight Management Committee. This Code does not address
other safety issues relating to the construction of beilers, pressure vessels, transport tanks, or nuclear components, or
the inservice inspection of nuclear components ortransport tanks. Users of the Code should refer to the pertinent codes,
standards, laws, regulations, or other relevantdoctments for safety issues other than those relating to pressure integ-
rity. Except for Sections XI and XII, and with a.few other 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 environ-
ments. In formulating the rules, the Comimittee considers the needs of users, manufacturers, and inspectors of pressure
vessels. The objective of the rules is tosafford reasonably certain protection of life and property, and to provide a margin
for deterioration in service to giye-a'reasonably long, safe period of usefulness. Advancements in design and materials
and evidence of experience have been recognized.

This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inservice inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that are not spécifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education, experience, and the use of engineering judgment. The phrase engineering judgment refers to technical
judgments made by knowledgeable engineers experienced in the application of the Code. Engineering judgments must
be consistent'with Code philosophy, and such judgments must never be used to overrule mandatory requirements or
specific prohibitions of the Code.

The Committee recognizes that tools and techniques used for design and analysis change as technology progresses
and-expects engineers to use good judgment in the application of these tools. The designer is responsible for complying
with-Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code
neither requires nor prohibits the use of computers for the design or analysis of components constructed to the

" The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance
with ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or a con-
sensus process. In addition, it does not contain requirements necessary for conformance to the Code.

** Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing,

certification and overpressure protection
4 T 2
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requirements of the Code. However, designers and engineers using computer programs for design or analysis are cau-
tioned that they are responsible for all technical assumptions inherent in the programs they use and the application of
these programs to their design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any pro-
prietary 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 Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations. ef
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 Submittal of Technical Inquiries‘to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries will be pre-
sented to the Committee for appropriate action. The action of the Committee becomes effective only after ¢onfirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Comtnittee are sub-
mitted to the American National Standards Institute (ANSI) and published at http://go.asme.org/BPV€PublicReview to
invite comments from all interested persons. After public review and final approval by ASME, revisions are published at
regular intervals in Editions of the Code.

The Committee does not rule on whether a component shall or shall not be constructed tothe provisions of the Code.
The scope of each Section has been established to identify the components and parameters econsidered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Codérules are to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Cade are to be directed to the Commit-
tee. ASME is to be notified should questions arise concerning improper use.of'the ASME Single Certification Mark.

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

The words “shall,” “should,” and “may” are used in this Standard_as-follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirement/nor a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities in acedordance
with the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide geeognition
of organizations so authorized. An organization 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 the ASME Single Certification Mark for marking items, or-constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessel{Coede are issued Certifi-
cates of Authorization. It is the aim of the Society to maintain the standing of the ASME Single €ertification Mark for the
benefit of the users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply
with all requirements.

Based on these objectives, the following policy has been established on the usage\inf advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to Code|construction. The American Society
of Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any.iteéni, construction, or activity and there
shall be no statements or implications that might so indicate. An organization-holding the ASME Single Certification Mark
and/or a Certificate of Authorization may state in advertising literature thatjitems, constructions, or activities “are built
(produced or performed) 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 Single Certification Mark 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 association or a society, or by a holder of the ASME Single Certification Mark who may also use the facsimile
in advertising to show that clearly specified items will ¢arry the ASME Single Certification Mark.

” o«

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 includés requirements for materials, design, fabrication, examination, inspection, and stamping. Items
constructed in accordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described in the governing Section of the Code.

Markings suchas “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shall not be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code.

ItemsJshall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply
thatall 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 exceptions to the ASME
requirements.
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CORRESPONDENCE WITH THE COMMITTEE

General

ASME codes and standards are developed and maintained by committees with the intent to represent the consensus of
concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and Rressure
Vessel Code (BPVC) should be sent to the staff secretary noted on the Section’s committee web page,-accessible at
https://go.asme.org/CSCommittees.

NOTE: See ASME BPVC Section II, Part D for guidelines on requesting approval of new materials. See Section II, Part’C for guidelines on re-
questing approval of new welding and brazing materials (“consumables”).

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to incorporate'changes that appear necessary or
desirable as demonstrated by the experience gained from the application of the Gede: Approved revisions will be pub-
lished in the next edition of the Code.

In addition, the committee may post errata and Special Notices at http://go.asme.org/BPVCerrata. Errata and Special
Notices become effective on the date posted. Users can register on the committee web page to receive e-mail notifica-
tions of posted errata and Special Notices.

This Code is always open for comment, and the committee welcomes proposals for revisions. Such proposals should
be as specific as possible, citing the paragraph number(s), the proposed wording, and a detailed description of the rea-
sons for the proposal, including any pertinent background information and supporting documentation.

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience withyalternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new material’dr process
(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The committee will.¢onsider proposed cases concerning the following topics only:
(1) equipment to b@ymarked with the ASME Single Certification Mark, or
(2) equipment«to be constructed as a repair/replacement activity under the requirements of Section XI
(d) A proposed-case shall be written as a question and reply in the same format as existing cases. The proposal shall
also include the following information:
(1) a statement of need and background information
(2)the‘urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3)the Code Section and the paragraph, figure, or table number(s) to which the proposed case applies
(4) the edition(s) of the Code to which the proposed case applies
(€) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases
books, “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supple-
ments. Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the
next edition of the Code. Annulments of Code Cases become effective six months after the first announcement of the
annulment in a Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available
at http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and Nu-
clear Code Cases is available at http://go.asme.org/BPVCC.

(23)
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Interpretations

(a) Interpretations clarify existing Code requirements and are written as a question and reply. Interpretations do not
introduce new requirements. If a revision to resolve conflicting or incorrect wording is required to support the inter-
pretation, the committee will issue an intent interpretation in parallel with a revision to the Code.

(b) Upon request, the committee will render an interpretation of any requirement of the Code. An interpretation can
be rendered only in response to a request submitted through the online Interpretation Submittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail con-
firming receipt.

(c) ASME does not act as a consultant for specific engineering problems or for the general application or understand;
ing of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the ingtiirer
should seek assistance, the request will be returned with the recommendation that such assistance be obtained. In-
quirers may track the status of their requests at http://go.asme.org/Interpretations.

(d) ASME procedures provide for reconsideration of any interpretation when or if additional informatien that might
affect an interpretation is available. Further, persons aggrieved by an interpretation may appeal to thé cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, congtruction, proprietary
device, or activity.

(e) Interpretations are published in the ASME Interpretations Database at http://go.asme.ofg/Interpretations as they
are issued.

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open to the public! Persons wishing to attend any meet-
ing should contact the secretary of the applicable committee. Information on futiire committee meetings can be found at
http://go.asme.org/BCW.
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SUMMARY OF CHANGES

Changes listed below are identified on the pages by a margin note, (23), placed next to the affected area.

Page Location Change

Xxvii List of Sections (1) Under Section III, Division 4 added
(2) Title of Section XI and subtitle of Section XI, Division2'revised
(3) Information on interpretations and Code cases'moved to
“Correspondence With the Committee”

XxXi Personnel Updated
liii Correspondence With the Added (replaces “Submittal of Technical Inquiries to the Boiler and
Committee Pressure Vessel Standards Committees”)
Ix Cross-Referencing in the Updated
ASME BPVC
3 1.2.4.2 In subpara. (b), cross-reference to API updated
5 Table 1.1 (1) Updated
(2) Note (2) added
15 221 Reformatted and\former 2.2.1.2 deleted
17 2.3.1 In 2.3.1.2 and;2.3.1.3, “PRT” revised to “PRT VIII-2”
18 2.3.3 (1) 2.3.83.Lrevised
(2) 2:3:3.2 deleted and subsequent paragraph redesignated

21 2-A2.1 In first paragraph, first cross-reference updated
23 2-B.1 In subpara. (b), last cross-reference updated
23 2-B.2.1 In first paragraph, first cross-reference updated
25 2-C.1.1 In subpara. (c), “PRT” revised to “PRT VIII-2”
26 2-C.3.1 Subparagraph (d)(13) added
36 Form A-2 Under “Certificate of Shop Compliance,” “PRT” revised to “PRT

VIII-2”
44 2-E.16 Deleted
45 2LF.1 “PRT” revised to “PRT VIII-2”
46 2-F.3 “PRT” revised to “PRT VIII-2”
46 2-F4.1 “PRT” revised to “PRT VIII-2”
46 2-F.5 Subparagraph (a)(3) revised in its entirety
49 Figure 2-F.1 In illustration (b), “PRT” revised to “PRT VIII-2”
50 2-G.1 “PRT” revised to “PRT VIII-2”
50 2-G.6.2 “PRT” revised to “PRT VIII-2”
58 3.2.7.1 In subpara. (c), first sentence revised
64 3.3.6.6 Added
75 31121 Subparagraph (b)(1) revised
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(23 CROSS-REFERENCING IN THE ASME BPVC

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guide ta
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

(1) First-level breakdowns are designated as (a), (b), (c), etc.

(2) Second-level breakdowns are designated as (1), (2), (3), etc.
(3) Third-level breakdowns are designated as (-a), (-b), (-c), etc.
(4) Fourth-level breakdowns are designated as (-1), (-2), (-3), etc.
(5) Fifth-level breakdowns are designated as (+a), (+b), (+c), etc.
(6) Sixth-level breakdowns are designated as (+1), (+2), etc.

(b) Cross-References to Subparagraph Breakdowns. Cross-references within an alphanumerically designated para-
graph (e.g., PG-1, UIG-56.1, NCD-3223) do not include the alphanumerical designator of ‘that paragraph. The cross-
references to subparagraph breakdowns follow the hierarchy of the designators under @hich the breakdown appears.
The following examples show the format:

(1) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).

(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (1)(-a)-

(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as(X.1{c)(1)(-a).
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ASME BPVC.VIIL.2-2023 1.1-1.21.1

PART 1
GENERAL REQUIREMENTS

1.1 GENERAL
1.1.1 INTRODUCTION

1.1.1.1 This Division contains mandatory requirements, specific prohibitions, and nonmandatory guidance for the
design, materials, fabrication, examination, inspection, testing, overpressure protection, and certification of pressure
vessels.

1.1.1.2 The Code does not address all aspects of these activities. Those aspects that are, ot specifically addressed
should not be considered prohibited and shall be addressed by appropriate engineering judgment. Engineering judg-
ment shall be consistent with the philosophy of this Division, and such judgments shall'never be used to overrule man-
datory requirements or specific prohibitions of this Division.

1.1.2 ORGANIZATION

1.1.2.1 The requirements of this Division are contained in the nine Parts.listed below. Each of these Parts and An-
nexes is composed of paragraphs that are identified by an alphanumerie.numbering system in accordance with the ISO
Standard Template for the Preparation of Normative-Type Documents. References to paragraphs are made directly by
reference to the paragraph number. For example, the Scope is referénced as 1.2.

(a) Part 1 - General Requirements, provides the scope of this division and establishes the extent of coverage

(b) Part 2 - Responsibilities and Duties, sets forth the responsibilities of the user and Manufacturer, and the duties of
the Inspector

(c) Part 3 - Materials Requirements, provides the permissible materials of construction, applicable material specifi-
cation and special requirements, physical properties,‘allowable stresses, and design fatigue curves

(d) Part 4 - Design by Rule Requirements, provides requirements for design of vessels and components using rules

(e) Part 5 - Design by Analysis Requirements, provides requirements for design of vessels and components using ana-
lytical methods

(f) Part 6 - Fabrication Requirements, provides requirements governing the fabrication of vessels and parts

(g) Part 7 - Examination and InspectionRequirements, provides requirements governing the examination and inspec-
tion of vessels and parts

(h) Part 8 - Pressure Testing Réquirements, provides pressure testing requirements

(i) Part 9 - Pressure Vessel,Overpressure Protection, provides overpressure protection requirements

1.1.2.2 Mandatory and\nénmandatory requirements are provided as normative and informative annexes, respec-
tively, to the specific Part under consideration. The Normative Annexes address specific subjects not covered elsewhere
in this Division and theif requirements are mandatory when the subject covered is included in construction under this
Division. Informative Annexes provide information and suggested good practices.

1.1.2.3 The materials, design, fabrication, examination, inspection, testing, overpressure protection, and certifica-
tion of pressure vessels shall satisfy all applicable Parts and Normative Annexes shown above in order to qualify the
construetion in accordance with this Division.

1.1.3— DEFINITIONS

The definitions for the terminology used in this Part are contained in Annex 1-B.

1.2 SCOPE
1.2.1 OVERVIEW

1.2.1.1 In the scope of this Division, pressure vessels are containers for the containment of pressure, either internal
or external. This pressure may be obtained from an external source or by the application of heat from a direct or indirect
source as a result of a process, or any combination thereof.
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1.2.1.2 Vessels with an internal or external design pressure not exceeding 103 kPa (15 psi) and multichambered
vessels of which the design pressure on the common elements does not exceed 103 kPa (15 psi) were not considered
when the rules of this Division were developed and are not considered within the scope.

1.2.1.3 The rules of this Division may be used for the construction of the following pressure vessels. These vessels
shall be designated as either a Class 1 or Class 2 vessel in conformance with the User’s Design Specification required in
Part 2.

(a) Vessels to be installed at a fixed (stationary) location for a specific service where operation and maintenance con-
trol is retained during the useful life of the vessel by the user and is in conformance with the User’s Design Specification
required by Part 2.

(b) Pressure vessels installed in ocean-going ships, barges, and other floating craft or used for motor vehicle orrail
freight. For these applications it is necessary that prior written agreement with the jurisdictional authority belestab-
lished covering operation and maintenance control for a specific service. This operation and maintenance control must
be retained during the useful life of the pressure vessel by the user in conformance with the User’s Desigfi-Specification
required in Part 2. Such a pressure vessel as described above may be constructed and stamped within the scope of this
Division, provided it meets all other requirements as specified with the following additional provisions.

(1) Loading conditions imposed by movement of the pressure vessel during operation and hyyrélocation of the pres-
sure vessel between work sites or due to loading and discharge, as applicable, shall be consideréd in the design.

(2) The User’s Design Specification shall include the agreements that define those aspects of operation and main-
tenance control unique to the particular pressure vessel.

(c) Pressure vessels or parts subject to direct firing from the combustion of fuel (solid;liquid, or gaseous), that are not
within the scope of Section I, III, or IV may be constructed in accordance with thérules of this Division.

(d) Unfired steam boilers shall be constructed in accordance with the rules.of\Section I or Section VIII, Division 1.

(e) The following pressure vessels in which steam is generated shall be censtructed in accordance with the rules of
Section VIII, Division 1 or this Division:

(1) Vessels known as evaporators or heat exchangers;

(2) Vessels in which steam is generated by the use of heat resulting from operation of a processing system contain-
ing a number of pressure vessels such as used in the manufacture of chemical and petroleum products; and

(3) Vessels in which steam is generated but not withdrawn.for external use.

1.2.1.4 The scope of this Division has been establishedto identify components and parameters considered in for-
mulating the rules given in this Division. Laws or regulations issued by municipality, state, provincial, federal, or other
enforcement or regulatory bodies having jurisdiction at'the location of an installation establish the mandatory applic-
ability of the Code rules, in whole or in part, withip-the jurisdiction. Those laws or regulations may require the use of this
Division of the Code for vessels or components not'eonsidered to be within its scope. These laws or regulations should be
reviewed to determine size or service limitatiens of the coverage which may be different or more restrictive than those
given here.

1.2.2 ADDITIONAL REQUIREMENTS FOR VERY HIGH PRESSURE VESSELS

1.2.2.1 The rules of this Divisien*do not specify a limitation on pressure but are not all-inclusive for all types of con-
struction. For very high pressurés, some additions to these rules may be necessary to meet the design principles and
construction practices essential to vessels for such pressures. However, only in the event that, after application of addi-
tional design principles.and‘construction practices, the vessel still complies with all of the requirements of the Code, may
it be stamped with the(Gertification Mark.

1.2.2.2 As an alternative to this Division, Section VIII, Division 3 should be considered for the construction of vessels
intended for operating pressures exceeding 68.95 MPa (10,000 psi).

1.2.3 GEOMETRIC SCOPE OF THIS DIVISION

The’scope of this Division is intended to include only the vessel and integral communicating chambers, and shall in-
clude'the following:

(a) Where external piping, other pressure vessels including heat exchangers, or mechanical devices (i.e., pumps, mix-
ers, or compressors) are to be connected to the vessel:

(1) The welding end connection for the first circumferential joint for welded connections (see 4.2.5.9).

(2) The first threaded joint for screwed connections.

(3) The face of the first flange for bolted and flanged connections. Optionally, when the first flange is welded to the
nozzle neck, the weld connecting the flange to the nozzle neck may be considered as the first circumferential joint, pro-
vided this construction is documented in the User’s Design Specification and is properly described on the vessel drawing
and the Manufacturer’s Data Report Form
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(4) The first sealing surface for proprietary connections or fittings.

(b) Where non-pressure parts are welded directly to either the internal or external pressure-retaining surface of a
pressure vessel, the scope of this Division shall include the design, fabrication, testing, and material requirements estab-
lished for non-pressure-part attachments by the applicable paragraphs of this Division (see 4.2.5.6).

(c) Pressure-retaining covers and their fasteners (bolts and nuts) for vessel openings, such as manhole and handhole
Covers.

(d) The first sealing surface for proprietary connections, fittings or components that are designed to rules that are not
provided by this Division, such as gages, instruments, and nonmetallic components.

1.2.4 CLASSIFICATIONS OUTSIDE THE SCOPE OF THIS DIVISION

1.2.4.1 The scope of this Division has been established to identify the components and parameters cofisidered in
formulating the rules given in this Division. Laws or regulations issued by a Jurisdictional Authority at the location of
an installation establish the mandatory applicability of the Code rules, in whole or in part, within thatjurisdiction. Those
laws or regulations may require the use of this Division of the Code for vessels or components not ¢onsidered to be with-
in its Scope. These laws or regulations should be reviewed to determine size or service limitations that may be more
restrictive than those given here.

1.2.4.2 The following vessels are not included in the scope of this Division. However, any pressure vessel, with the
exception of (a) below, that is not excluded from the scope of this Division by 1.2.1.3.and that meets all applicable re-
quirements of this Division may be stamped with the Certification Mark with the U2 )Designator and vessel class.

(a) Vessels within the scope of other Sections.

(b) Fired process tubular heaters as defined in API STD 560.

(c) Pressure containers that are integral parts or components of rotating eireciprocating mechanical devices, such as
pumps, compressors, turbines, generators, engines, and hydraulic or pneumatic cylinders where the primary design con-
siderations and/or stresses are derived from the functional requirements of the device.

(d) Structures consisting of piping components, such as pipe, flanges, bolting, gaskets, valves, expansion joints, and
fittings whose primary function is the transport of fluids fromohe location to another within a system of which it is
an integral part, that is, piping systems, including the piping system between a pressure relief device and the vessel
it protects, see Part 9.

(e) Pressure-containing parts of components, such as'strainers and devices that serve such purposes as mixing, separ-
ating, snubbing, distributing, and metering or controlling flow, provided that pressure-containing parts of such compo-
nents are generally recognized as piping componé€nts or accessories.

(f) A vessel for containing water under pressure, including those containing air the compression of which serves only
as a cushion, when none of the following limitations are exceeded:

(1) A design pressure of 2.07 MPa (300 psi)
(2) A design temperature of 99°C (210°F)
(g) A hot water supply storage tank heated by steam or any other indirect means when none of the following limita-
tions is exceeded:
(1) A heat input of 58.6 kW (200,000 Btu/hr)
(2) A water temperature’of 99°C (210°F)
(3) A nominal water tontaining capacity of 454 L (120 gal)

(h) Vessels with an internal or external design pressure not exceeding 103 kPa (15 psi) with no limitation on size, for
multi-chambered yessels, the design pressure on the common elements shall not exceed 103 kPa (15 psi).

(i) Vessels withran inside diameter, width, height, or cross section diagonal not exceeding 150 mm (6 in.), with no
limitation on. length of vessel or pressure.

(j) Pressure vessels for human occupancy (requirements for pressure vessels for human occupancy are covered in
ASME PVHO-1).

1,2.5° COMBINATION UNITS

When a pressure vessel unit consists of more than one pressure chamber, only the chambers that come within the
scope of this Division need be constructed in compliance with its provisions (see 4.1.8).

1.2.6 FIELD ASSEMBLY OF VESSELS

1.2.6.1 Field assembly of vessels constructed to this Division may be performed as follows.
(a) The Manufacturer of the vessel completes the vessel in the field, completes the Form A-1 or Form A-1P Manufac-
turer’s Data Report, and stamps the vessel.

(23)
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(b) The Manufacturer of parts of a vessel to be completed in the field by some other party stamps these parts in ac-
cordance with Code rules and supplies the Form A-2 Manufacturer’s Partial Data Report to the other party. The other
party, who must hold a valid U2 Certificate of Authorization, makes the final assembly, performs the required NDE, per-
forms the final pressure test, completes the Form A-1 or Form A-1P Manufacturer’s Data Report, and stamps the vessel.

(c) The field portion of the work is completed by a holder of a valid U2 Certificate of Authorization other than the
vessel Manufacturer. The Certificate holder performing the field work is required to supply a Form A-2 Manufacturer’s
Partial Data Report covering the portion of the work completed by his organization (including data on the pressure test
if conducted by the Certificate holder performing the field work) to the Manufacturer responsible for the Code vessel,
The vessel Manufacturer applies his Certification Mark with U2 Designator in the presence of a representative from his
Inspection Agency and completes the Form A-1 or Form A-1P Manufacturer’s Data Report with his Inspector.

1.2.6.2 In all three alternatives, the party completing and signing the Form A-1 or Form A-1P Manufacturer’s’Data
Report assumes full Code responsibility for the vessel. In all three cases, each Manufacturer’s Quality Contral System
shall describe the controls to assure compliance by each Certificate holder.

1.2.7 OVERPRESSURE PROTECTION

The scope of this Division includes provisions for overpressure protection necessary to satisfy.the requirements of
Part 9.

1.3 STANDARDS REFERENCED BY THIS DIVISION

(a) Throughout this Division, references are made to various standards, such as ASME standards, which describe parts
or fittings or which establish dimensional limits for pressure vessel parts. These'\standards, with the year of the accept-
able edition, are listed in Table 1.1.

(b) Rules for the use of these standards are stated elsewhere in this Division.

1.4 UNITS OF MEASUREMENT

(a) Either U.S. Customary, SI, or any local customary units niay:be used to demonstrate compliance with requirements
of this edition related to materials, fabrication, examination, inspection, testing, certification, and overpressure
protection.

(b) A single system of units shall be used for all aspeets of design except where otherwise permitted by this Division.
When components are manufactured at different locations where local customary units are different than those used for
the general design, the local units may be usedfor"the design and documentation of that component within the limita-
tions given in (c). Similarly, for proprietary €components or those uniquely associated with a system of units different
than that used for the general design, the alternate units may be used for the design and documentation of that compo-
nent within the limitations given in (c).

(c) For any single equation, all variables shall be expressed in a single system of units. Calculations using any material
data published in this Division or Section II, Part D (e.g., allowable stresses, physical properties, external pressure design
factor B) shall be carried out in'ene of the standard units given in Table 1.2. When separate equations are provided for
U.S. Customary and SI unitsythose equations shall be executed using variables in the units associated with the specific
equation. Data expressed invother units shall be converted to U.S. Customary or SI units for use in these equations. The
result obtained from-eXecution of these equations or any other calculations carried out in either U.S. Customary or SI
units may be convérted to other units.

(d) Production; measurement and test equipment, drawings, welding procedure specifications, welding procedure
and performance qualifications, and other fabrication documents may be in U.S. Customary, SI or local customary units
in accordance with the fabricator’s practice. When values shown in calculations and analysis, fabrication documents or
measurement and test equipment are in different units, any conversions necessary for verification of Code compliance
and.to-ensure that dimensional consistency is maintained shall be in accordance with the following:

1) Conversion factors shall be accurate to at least four significant figures
(2) The results of conversions of units shall be expressed to a minimum of three significant figures

(e) Conversion of units, using the precision specified above shall be performed to assure that dimensional consistency
is maintained. Conversion factors between U.S. Customary and SI units may be found in Annex 1-C. Whenever local cus-
tomary units are used the Manufacturer shall provide the source of the conversion factors which shall be subject to ver-
ification and acceptance by the Authorized Inspector or Certified Individual.

(f) Dimensions shown in the text, tables and figures, whether given as a decimal or a fraction, may be taken as a dec-
imal or a fraction and do not imply any manufacturing precision or tolerance on the dimension.
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(g) Material that has been manufactured and certified to either the U.S. Customary or SI material specification (e.g.,
SA-516 or SA-516M) may be used regardless of the unit system used in design. Standard fittings (e.g., flanges and el-
bows) that have been certified to either U.S. Customary units or SI units may be used regardless of the units system used
in design.

(h) All entries on a Manufacturer’s Data Report and data for Code-required nameplate marking shall be in units con-
sistent with the fabrication drawings for the component using U.S. Customary, SI, or local customary units. Units (either
primary or alternative) may be shown parenthetically. Users of this Code are cautioned that the receiving Jurisdiction
should be contacted to ensure the units are acceptable.

1.5 TOLERANCES

The Code does not fully address tolerances. When dimensions, sizes, or other parameters are not spe¢ified with tol-
erances, the values of these parameters are considered nominal, and allowable tolerances or local variances may be con-
sidered acceptable when based on engineering judgment and standard practices as determined by the designer.

1.6 TECHNICAL INQUIRIES

A procedure for submittal of Technical Inquiries to the ASME Boiler and Pressure Vessel"Code Committee is contained
in the front matter.

1.7 TABLES
Table 1.1
Year of Acceptable Edition of Referenced Standards in This Division
Title Number Year
Marking and Labeling Systems ANSI/UL-969 Latest edition
Fitness-For-Service API 579-1/ASME 2021
FFS-1

Materials and Fabrication of 2%,Cr-1Mo, 2%,Cr-1Mo=%V, 3Cr-1Mo, and 3Cr-1Mo-Y,V Steel API RP 934-A 2019
Heavy Wall Pressure Vessels for High-Temperature, High-Pressure Hydrogen Service

Fired Heaters for General Refinery Service API Standard 560 Latest edition
Minimum Design Loads and Associated Criteria\for Buildings and Other Structures ASCE/SEI 7 2022
Nuts for General Applications: Machine Screw’Nuts, Hex, Square, Hex Flange, and Coupling Nuts ASME/ANSI Latest edition
(Inch Series) B18.2.2
Unified Inch Screw Threads (UN and‘UNR Thread Form) ASME B1.1 Latest edition
Metric Screw Threads — M Profile ASME B1.13M Latest edition
Pipe Threads, General Purposeinch ASME B1.20.1 Latest edition
Metric Screw Threads — MJ-Rrofile ASME B1.21M Latest edition
Pipe Flanges and Flanged Fittings, NPS %, Through NPS 24 Metric/Inch Standard ASME B16.5 2020 [Note (1)]
Factory-Made Wrought Buttwelding Fittings ASME B16.9 Latest edition
Forged Fittings,.Socket-Welding and Threaded ASME B16.11 Latest edition
Cast Copper Alloy*Threaded Fittings, Classes 125 and 250 ASME B16.15 Latest Edition
Metallic Gaskets for Pipe Flanges ASME B16.20 Latest edition
Cast Copper Alloy Pipe Flanges, Flanged Fittings, and Valves, Classes 150, 300, 600,900, 1500,and ASME B16.24 2016
2500
Large Diameter Steel Flanges, NPS 26 Through NPS 60 Metric/Inch Standard ASME B16.47 2020 [Note (1)]
Metric Heavy Hex Screws ASME B18.2.3.3M Latest edition
Metric Hex Bolts ASME B18.2.3.5M Latest edition
Metric Heavy Hex Bolts ASME B18.2.3.6M Latest edition
Metric Fasteners for Use in Structural Applications ASME B18.2.6M Latest edition
Conformity Assessment Requirements ASME CA-1 Latest edition
Guidelines for Pressure Boundary Bolted Flange Joint Assembly ASME PCC-1 2019
Repair of Pressure Equipment and Piping ASME PCC-2 2022
Qualifications for Authorized Inspection ASME QAI-1 Latest edition
Standard Practice for Quantitative Measurement and Reporting of Hypoeutectoid Carbon and ASTM A1033 Latest edition
Low-Alloy Steel Phase Transformations
Standard Test Method for Measurement of Fracture Toughness ASTM E1820 2021

(23)
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Table 1.1
Year of Acceptable Edition of Referenced Standards in This Division (Cont'd)
Title Number Year
Standard Reference Photographs for Magnetic Particle Indications on Ferrous Castings ASTM E125 1963 (R2018)
[Note (2)]

Standard Practice for Fabricating and Checking Aluminum Alloy Ultrasonic Standard Reference ~ ASTM E127 2020

Blocks
Standard Test Methods for Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic ASTM E139 Latest edition

Materials
Standard Hardness Conversion Tables for Metals Relationship Among Brinell Hardness, Vickers ~ASTM E140 Latest edition

Hardness, Rockwell Hardness, Superficial Hardness, Knoop Hardness, and Scleroscope

Hardness
Standard Reference Radiographs for Heavy-Walled [2 to 4%, in. (50.8 to 114 mm)] Steel Castings ASTM E186 2020,
Standard Test Method of Conducting Drop Weight Test to Determine Nil Ductility Transition ASTM E208 Latest edition

Temperature of Ferritic Steel
Standard Reference Radiographs for High-Strength Copper-Base and Nickel-Copper Alloy Castings ASTM E272 2019
Standard Reference Radiographs for Heavy-Walled [4Y; to 12 in. (114 to 305 mm)] Steel Castings ASTM E280, 2021
Standard Reference Radiographs for Steel Castings up to 2 in. (51 mm) in Thickness ASTM E446 2020
Standard Procedures for Calibrating Magnetic Instruments to Measure the Delta Ferrite Content AWS A42M 2020

of Austenitic and Duplex Austenitic-Ferrite Stainless Steel Weld Metal
Metallic materials — Charpy pendulum impact test — Part 1: Test method ISO 148-1 Latest edition
Metallic materials — Charpy pendulum impact test — Part 2: Verification of testing machines 1SO 148-2 Latest edition
Metallic materials — Charpy pendulum impact test — Part 3: Preparation and characterization,of * ISO 148-3 Latest edition

Charpy V-notch test pieces for indirect verification of pendulum impact machines
Petroleum, petrochemical and natural gas industries — Fired heaters for general refinety.service 1SO 13705 Latest edition

Standard Practice for Ultrasonic Examination of Steel Forgings

SA-388/SA-388M Latest edition

NOTES:

(1) The use of a flange or flanged fitting that relies on and meets the requirements of an ASME B16 Case is not permitted.

(2) “R” indicates reaffirmed.

Table 1.2
Standard Units for Use in Equations
Quantity SI Units U.S. Customary Units
Linear dimensions (e.g. length, height, thickness, radius, diameter) millimeters (mm) inches (in.)
Area square millimeters (mm?) square inches (in.%)
Volume cubic millimeters (mm?®) cubic inches (in.%)

cubic millimeters (mm?)
millimeters* (mm*)
kilograms (kg)

newtons (N)

Section modulus

Moment of inertia of section
Mass (weight)

Force (load)

Bending moment

Pressure, stress, striess)intensity, and modulus of elasticity megapascals (MPa)

Energy (e.g., Charpy impact values) joules (J)
Temperature degrees Celsius (°C)
Absolute temperature kelvin (K)

Fracture toughness
Angle
Boiler capacity

degrees or radians

watts (W)

newton-millimeters (N-mm)

MPa square root meters (MPav/m)

cubic inches (in.)
inches* (in.)
pounds mass (Ibm)
pounds force (Ibf)
inch-pounds (in.-1b)

pounds per square inch (psi)

foot-pounds (ft-1b)
degrees Fahrenheit (°F)
Rankine (°R)

degrees or radians
Btu/hr

ksi square root inches (ksi./in.)
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ANNEX 1-B
DEFINITIONS

(Normative)
1-B.1 INTRODUCTION

This Annex contains definitions of terms generally used in this Division. Definitions relating to specific applications
may also be found in related Parts of this Division.

1-B.2 DEFINITION OF TERMS

1-B.2.1 Acceptance by the Inspector, accepted by the Inspector - an indication that the Inspector has reviewed a
subject in accordance with his duties as required by the rules of this Di¥ision and after such review is able to sign
the Certificate of Inspection for the applicable Manufacturer’s Data Repert Form.

1-B.2.2 ASME Designated Organization - see ASME CA-1.
1-B.2.3 ASME designee - see ASME CA-1.

1-B.2.4 Certificate of Compliance - a document that states that the material represented has been manufactured,
sampled, tested and inspected in accordance with the requirements of the material specification (including year of issue)
and any other requirements specified in the purchase order or contract shown on the certificate and has been found to
meet such requirements. This document may be combined with the Materials Test Report (see 1-B.2.19) as a single
document.

1-B.2.5 Certificate of Authorization - a document issued by the Society that authorizes the use of the ASME Certi-
fication Mark and appropriate designator €ora specified time and for a specified scope of activity.

1-B.2.6 Certification Mark - an ASME'symbol identifying a product as meeting Code requirements.

1-B.2.7 Certification Mark Stamp - a metallic stamp issued by the Society for use in impressing the Certification
Mark.

1-B.2.8 Certification Designator (Designator) - the symbol used in conjunction with the Certification Mark for the
scope of activity described,ii’a Manufacturer’s Certificate of Authorization.

1-B.2.9 CertifyingEngineer - an engineer or other technically competent professional duly accredited and qualified
to practice engineering as required by this Division.

1-B.2.10 Class'1 Vessel - a vessel that is designed using the allowable stresses from Section II, Part D, Subpart 1,
Table 2A or Table 2B.

1-B.2.I1~ " Class 2 Vessel - a vessel that is designed using the allowable stresses from Section II, Part D, Subpart 1,
Table-5A/or Table 5B.

1-B.2.12 Communicating Chambers - appurtenances to a vessel that intersect the shell or heads of a vessel and form
ah integral part of the pressure-containing enclosure.

1-B.2.13 Construction - an all-inclusive term comprising materials, design, fabrication, examination, inspection,
testing, certification, and pressure relief.

1-B.2.14 Designer - an individual who is qualified to design pressure vessels in accordance with the rules of this
Division by demonstrated knowledge in Code requirements and proficiency in selecting correct design formulas and ap-
propriate values to be used when preparing the design of a pressure vessel.

1-B.2.15 Local Jurisdictional Authority - an agency enforcing laws or regulations applicable to pressure vessels.
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1-B.2.16 Manufacturer - the organization responsible for construction of a pressure vessel, vessel component, or
part in accordance with the rules of this Division and who holds an ASME Certificate of Authorization to apply the Cer-
tification Mark to such an item.

1-B.2.17 Material - any substance or product form covered by a material specification in Section Il Part A, B, or C or
any other substance or product form permitted for use in pressure vessel construction by this Division.

1-B.2.18 Material Manufacturer - the organization responsible for the production of products meeting the require-
ments of the material specification and accepting the responsibility for any statements or data in any required Certificate
of Compliance or Material Test Report representing the material.

1-B.2.19 Material Test Report - a document in which the results of tests, examinations, repairs, or treatments, re-
quired by the material specification to be reported are recorded, including those of any supplementary requireménts or
other requirements stated in the order for the material. This document may be combined with a Certificate ¢f,€ompli-
ance (see 1-B.2.4) as a single document.

1-B.2.20 User - the organization that purchases the finished pressure vessel for its own use or as an agent for the
owner. The user’s designated agent may be either a design agency specifically engaged by the user, the-Manufacturer of a
system for a specific service which includes a pressure vessel as a part and which is purchased by the user, or an orga-
nization which offers pressure vessels for sale or lease for specific services.
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ANNEX 1-C
GUIDANCE FOR THE USE OF U.S. CUSTOMARY AND SI UNITS IN
THE ASME BOILER AND PRESSURE VESSEL CODES

(Informative)

1-C.1 USE OF UNITS IN EQUATIONS

The equations in this Division are suitable for use only with either the SI or U.S. Customdry units provided in Table 1.2
or with the units provided in the nomenclatures associated with the equations. It is-the*responsibility of the individual
and organization performing the calculations to ensure that appropriate units are used. Either SI or U.S. Customary units
may be used as a consistent set. When necessary to convert from one system to,another, the units shall be converted to at
least four significant figures for use in calculations and other aspects of construction.

1-C.2 GUIDELINES USED TO DEVELOP SI EQUIVALENTS

(a) U.S. Customary units are placed in parenthesis after the SI\unit in the text.

(b) In general, both SI and U.S. Customary tables are provided.f interpolation is expected. The table designation (e.g.,
table number) is the same for both the SI and the U.S. Customary tables, with the addition of an M after the table number
for the SI Table. In the text, references to a Table use only.the primary table number (i.e., without the M). For some small
tables, where interpolation is not required, U.S. Custdmary units are placed in parenthesis after the SI unit.

(c) Separate SI and U.S. Customary versions of graphical information (charts) are provided, except that if both axes are
dimensionless a single figure (chart) is used.

(d) In most cases, conversions of units in the)text were done using hard SI conversion practices, with some soft con-
versions on a case-by-case basis as appropriate. This was implemented by rounding the SI values to the number of sig-
nificant figures of implied precision in the.existing U.S. Customary units. For example, 3,000 psi has an implied precision
of one significant figure. Therefore, the conversion to SI units would typically be to 20 000 kPa. This is a difference of
about 3% from the “exact” or softCenversion of 20 684.27 kPa. However, the precision of the conversion was deter-
mined by the Committee on a case-by-case basis. More significant digits were included in the SI equivalent if there
was any question. The values of allowable stress in Section II, Part D generally include three significant figures.

(e) Minimum thickness-and radius values that are expressed in fractions of an inch were generally converted accord-
ing to Table 1-C.1.

(f) For nominal sizes that are in even increments of inches, even multiples of 25 mm were generally used. Intermedi-
ate values were interpolated rather than converting and rounding to the nearest mm. See examples in Table 1-C.2. Note
that this table'does not apply to nominal pipe sizes (NPS), which are covered in Table 1-C.4.

(g) For nominal pipe sizes, the relationships shown in Table 1-C.4 were used.

(h) Areas'in square inches (in.%) were converted to square millimeters (mm?), and areas in square feet (ft*) were con-
verted to’ square meters (m?), see examples in Table 1-C.5.

(i) -Volumes in cubic inches (in.*) were converted to cubic millimeters (mm?), and volumes in cubic feet (ft*) were
converted to cubic meters (m®), see examples in the Table 1-C.6.

(j) Although the pressure should always be in MPa or psi for calculations, there are cases where other units are used
in the text. For example, kPa is sometimes used for low pressures and ksi is sometimes used for high pressures and
stresses. Also, rounding was to one significant figure (two at the most) in most cases, see examples in Table 1-C.7. Note
that 14.7 psi converts to 101 kPa, while 15 psi converts to 100 kPa. While this may seem at first glance to be an anomaly,
it is consistent with the rounding philosophy.

(k) Material properties that are expressed in psi or ksi (e.g., allowable stress, yield and tensile strength, elastic mod-
ulus) were generally converted to MPa to three significant figures. See example in Table 1-C.8.
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() In most cases, temperatures (e.g., for PWHT) were rounded to the nearest 5°C. Depending on the implied precision
of the temperature, some were rounded to the nearest 1°C or 10°C or even 25°C. Temperatures colder than 0°F (negative
values) were generally rounded to the nearest 1°C. The examples in Table 1-C.9 were created by rounding to the nearest
5°C, with one exception.

1-C.3 SOFT CONVERSION FACTORS

Table 1-C.10 of “soft” conversion factors is provided for convenience. Multiply the U.S. Customary value by the factor
given to obtain the SI value. Similarly, divide the SI value by the factor given to obtain the U.S. Customary value. In most
cases it is appropriate to round the answer to three significant figures.

1-C.4 TABLES

Table 1-C.1
Typical Size or Thickness Conversions for Fractions
Fraction in U.S. Customary Units, in. Proposed SI Conversion, mm Difference, %
Y2 0.8 -0.8
Yoa 1.2 -0.8
Y16 1.5 5.5
%32 2.5 -5.0
s 3 5.5
%2 4 -0.8
Y16 5 -5.0
a2 55 1.0
Ya 6 5.5
e 8 -0.8
¥ 10 -5.0
he 11 1.0
P2 13 24
%6 14 2.0
s 16 -0.8
11/16 17 2.6
¥ 19 0.3
/A 22 1.0
1 25 1.6
Table 1-C.2
Typical Size or Thickness Conversions
Size, in. Size, mm

1 25

1Y% 29

1Y, 32

1Y, 38

2 50

2Y, 57

2Y, 64

3 75

3Y, 89

4 100

44> 114

10
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Table 1-C.2
Typical Size or Thickness Conversions (Cont'd)
Size, in. Size, mm
5 125
6 150
8 200
12 300
18 450
20 500
24 600
36 900
40 1000
54 1350
60 1500
72 1800
Table 1-C.3
Typical Size or Length Conversions
Size or Length, ft Size or Length, m
3 1
5 15
200 60
Table 1-C.4
Typical Nominal Pipe Size Conversions
U.S. Customary Practice SI Practice U.S. Customary Practice SI Practice
NPS Vg DN 6 NPS 20 DN 500
NPS Y, DN 8 NPS 22 DN 550
NPS g DN 10 NPS 24 DN 600
NPS Y, DN 15 NPS 26 DN 650
NPS 3, DN 20 NPS 28 DN 700
NPS 1 DN 25 NPS 30 DN 750
NPS 1Y, DN 32 NPS 32 DN 800
NPSAY; DN 40 NPS 34 DN 850
NPS™2 DN 50 NPS 36 DN 900
NPS 2%, DN 65 NPS 38 DN 950
NPS 3 DN 80 NPS 40 DN 1000
NPS 3%, DN 90 NPS 42 DN 1050
NPS 4 DN 100 NPS 44 DN 1100
NPS 5 DN 125 NPS 46 DN 1150
NPS 6 DN 150 NPS 48 DN 1200
NPS 8 DN 200 NPS 50 DN 1250
NPS 10 DN 250 NPS 52 DN 1300
NPS 12 DN 300 NPS 54 DN 1350
NPS 14 DN 350 NPS 56 DN 1400
NPS 16 DN 400 NPS 58 DN 1450
NPS 18 DN 450 NPS 60 DN 1500

11
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Table 1-C.5
Typical Area Conversions
Area in U.S. Customary Area in SI
1in2 650 mm*
6 in.? 4 000 mm?
10 in.? 6 500 mm?
5 ft? 0.5 m*
Table 1-C.6
Typical Volume Conversions
Volume in U.S. Customary Volume in SI
1in? 16 000 mm*®
6 in? 100 000 mm?®
10 in? 160 000 mm?®
5 fe* 0.14 m®
Table 1-C.7
Typical Pressure Conversions
Pressure in U.S. Customary Pressure in SI
0.5 psi 3 kPa
2 psi 15 kPa
3 psi 20 kPa
10 psi 70 kPa
14.7 psi 101 kPa
15 psi 100 kPa
30 psi 200 kPa
50 psi 350 kPa
100 psi 700 kPa
150 psi 1 MPa
200 psi 1.5 MPa
250 psi 1.7 MPa
300 psi 2 MPa
350 psi 2.5 MPa
400 psi 3 MPa
500 psi 3.5 MPa
600 psi 4 MPa
1,200 psi 8 MPa
1,500 psi 10 MPa

12
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Table 1-C.8

Typical Strength Conversions

Strength in U.S. Customary, psi

Strength in SI, MPa

30,000
38,000
60,000
70,000
95,000

205
260
415
480
655

Table 1-C.9

Typical Temperature Conversions

Temperature, °F

Temperature, °C

70
100
120
150

700

750
800
850
900
925

950
1,000
1,050
1,100
1,150

1,200
1,250
1,800
1,900
2,000
2,050

20
38
50
65
95

120
150
175
205
230

260
290
315
345
370

400
425
455
480
495

510
540
565
595
620

650

675

980
1040
1095
1120

13
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Table 1-C.10
Conversion Factors

U.S. Customary SI Conversion Factor Notes
in. mm 25.4
ft m 0.3048
in.2 mm? 645.16
ft* m? 0.09290304
in® mm? 16,387.064
fe* m? 0.02831685
US Gal. m® 0.003785412
psi MPa 0.0068948 Used exclusively in equatipfis
psi kPa 6.894757 Used only in text and for nameplate
ft-b ] 1.355818
°F °C %s(°F - 32) Not for tempepature difference
°F °C 5/9(°F) For temperature<differences only
R K 5/9 Absolute temperature
Ibm kg 0.4535924
Ibf N 4.448222
in.-lb N-mm 112.98484 Use exclusively in equations
ft-1b N-m 1.3558181 Use only in text
ksi/in MPa/m 1.0988434
Btu/hr w 0.2930711 Use for Boiler rating and heat transfer
Ib/ft kg/m> 16.018463
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PART 2
RESPONSIBILITIES AND DUTIES

2.1 GENERAL
2.1.1 INTRODUCTION

The user, Manufacturer, and Inspector involved in the production and certification of vessels in aceotdance with this
Division have definite responsibilities or duties in meeting the requirements of this Division. The-responsibilities and
duties set forth in the following relate only to compliance with this Division, and are not to be construed as involving
contractual relations or legal liabilities.

2.1.2 DEFINITIONS

The definitions for the terminology used in this Part are contained in Annex 1-B:s

2.1.3 CODE REFERENCE

The Code Edition year on the User’s Design Specification and Manufacturer’s'Design Report shall be the same as the
Code Edition year on the Manufacturer’s Data Report.

2.2 USER RESPONSIBILITIES
2.2.1 GENERAL

2.2.1.1 It is the responsibility of the user or an agent:acting on behalf of the user to provide a User’s Design Spec-
ification for each pressure vessel to be constructed in accordance with this Division. The User’s Design Specification shall
contain sufficient detail to provide a complete basisforfdesign and construction in accordance with this Division. It is the
user’s responsibility to specify, or cause to be specified, the effective Code edition and vessel class to be used for
construction.

2.2.1.2 The User’s Design Specification shall be certified by a Certifying Engineer meeting the requirements de-
scribed in Annex 2-A when the user provides the data required by 2.2.3.1(f)(1) and 2.2.3.1(f)(2) to perform a fatigue
analysis.

2.2.2 MULTIPLE IDENTICAL VESSELS

A single User’s Design Specification may be prepared to support the design of more than one pressure vessel that is to
be located in a single, specific jurisdiction provided that the environmental requirements and jurisdictional regulatory
authority applied for. éach installation location are clearly specified and are the same or more conservative than
required.

2.2.3 USER'S,DESIGN SPECIFICATION

2.2.3.1 \\The User’s Design Specification shall include but not necessarily be limited to the following:
(a) Istallation Site
{1)Location
(2) Jurisdictional authority if applicable
(3) Environmental conditions
(-a) Wind design loads including relevant factors (i.e., design wind speed, exposure, gust factors)
(-b) Earthquake design loads
(-c) Snow loads
(-d) Lowest one day mean temperature for location
(b) Vessel Identification
(1) Vessel number or identification
(2) Service fluid for proprietary fluids specific properties needed for design, e.g., gas, liquid, density, etc.

(c) Vessel Canfiguration and Controlling Dimensions

15
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(1) Outline drawings

(2) Vertical or horizontal

(3) Openings, connections, closures including quantity, type and size, and location (i.e., elevation and orientation)

(4) Principal component dimensions in sufficient detail so that volume capacities can be determined

(5) Support method

(d) Design Conditions

(1) Specified design pressure. The specified design pressure is the design pressure, see 4.1.5.2(a), required at the
top of the vessel in its operating position. It shall include suitable margins required above the maximum anticipated op-
erating pressure to ensure proper operation of the pressure relief devices. The MAWP of the vessel may be set equal-to
this specified design pressure. If the actual MAWP of the vessel is calculated, it shall not be less than the specified design
pressure.

(2) Design temperature and coincident specified design pressure [see 4.1.5.2(d)].

(3) Minimum Design Metal Temperature (MDMT) and coincident specified design pressure [see 4.1:5.2(e)].

(4) Dead loads, live loads, and other loads required to perform the load case combinations required-in Parts 4 and 5.

(e) Operating Conditions

(1) Operating pressure and pressure load factor for occasional load combinations in Tables 4<1.2 and 5.3

(2) Operating temperature

(3) Fluid transients and flow and sufficient properties for determination of steady-state.and transient thermal gra-
dients across the vessel sections, if applicable (see 5.5.2)

(4) Dead loads, live loads, and other operating loads required to perform the load-cdase combinations required in
Part 5

(f) Design Fatigue Life

(1) Cyclic operating conditions and whether or not a fatigue analysis of thé vessel as required shall be determined in
accordance with 4.1.1.4. When a fatigue analysis is required, provide information in sufficient detail so that an analysis
of the cyclic operation can be carried out in accordance with 5.5.

(2) When a vessel is designed for cyclic conditions, the number<f design cycles per year and the required vessel
design life in years shall be stated.

(3) When cyclic operating conditions exist and a fatigue analysis is not required based on comparable equipment
experience, this shall be stated. The possible harmful effects-ofithe design features listed in 5.5.2.2(a) through 5.5.2.2(f)
shall be evaluated when contemplating comparable equipment experience.

(4) Corrosion Fatigue

(-a) The design fatigue cycles given by eqs./(3-F.21) and (3-F.22) do not include any allowances for corrosive
conditions and may be modified to account for th€ effects of environment other than ambient air that may cause corro-
sion or subcritical crack propagation. If corrosion fatigue is anticipated, a factor should be chosen on the basis of experi-
ence or testing, by which the calculated design fatigue cycles (fatigue strength) should be reduced to compensate for the
corrosion.

(-b) When using eq. (3-F.22).an“énvironmental modification factor shall be specified in the User’s Design
Specification.

(-c) If due to lack of experjence it is not certain that the chosen stresses are low enough, it is advisable that the
frequency of inspection be incréased until there is sufficient experience to justify the factor used. This need for increased
frequency should be stated(n the User’s Design Specification.

(g) Materials of Constnuction

(1) Material specification requirements shall be in accordance with one or more of the following criteria.

(-a) Specification of materials of construction in accordance with Part 3.

(-b) Generic material type (i.e., carbon steel or Type 304 Stainless Steel). The user shall specify requirements that
provide an adequate basis for selecting materials to be used for the construction of the vessel. The Manufacturer shall
select the-appropriate material from Part 3, considering information provided by the user per (3).

(2) The user shall specify the corrosion and/or erosion allowance.

(3)’The user, when selecting the materials of construction, shall consider the following:

(-a) Damage mechanisms associated with the service fluid at design conditions. Informative and nonmandatory
guidance regarding metallurgical phenomena is provided in Section II, Part D, Nonmandatory Appendix A; API RP 571;
and WRC Bulletins 488, 489, and 490.

(-b) Minimum Design Metal Temperature and any additional toughness requirements.

(-c) The need for specific weld filler material to meet corrosion resistance requirements, see 6.2.5.8.

(h) Loads and Load Cases
(1) The user shall specify all expected loads and load case combinations as listed in 4.1.5.3.
(2) These loading data may be established by:
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(-a) Calculation
(-b) Experimental methods
(-c) Actual experience measurement from similar units
(-d) Computer analysis
(-e) Published data
(i) Overpressure Protection
(1) The user shall be responsible for the design, construction and installation of the overpressure protection system
unless it is delegated to the Manufacturer. This system shall meet the requirements of Part 9.
(2) The type of over pressure protection intended for the vessel shall be documented in the User’s Design Speeifi-
cation as follows (see 9.1):
(-a) Type of overpressure protection system (e.g., type of pressure relief valve, rupture disc, etc.)
(-b) System design [see 9.5(e)]
(3) The user shall state if jurisdictional acceptance is required prior to operation of the vessel.

2.2.3.2 Additional Requirements. The user shall state what additional requirements are appropriate for the in-
tended vessel service such as:
(a) Additional requirements such as non-destructive examination, restricted chemistry, or heat treatments
(b) Type of weld joints and the extent of required nondestructive examinations
(c) Nonmandatory or optional provisions of this Division that are considered to be.mardatory for the subject vessel
(d) Any special requirements for marking and their location (see 4.1 and Annex 2-F)
(e) Requirements for seals and/or bolting for closures and covers
(f) Additional requirements relating to erection loadings
(g) Any agreements which resolve the problems of operation and maintenance control unique to the particular pres-
sure vessel. See also 2.2.3.1(f)(4)(-¢).
(h) Specific additional requirements relating to pressure testing such as:
(1) Fluid properties and test temperature limits
(2) Position of vessel and support/foundation adequacy iffigld hydrostatic testing is required
(3) Location: Manufacturer’s facility or on-site
(4) Cleaning and drying
(5) Selection of pressure test method (see 8.1.1)
(6) Application of paints, coatings and linings [see"8.1.2(e)]

2.3 MANUFACTURER'S RESPONSIBILITIES
2.3.1 CODE COMPLIANCE

2.3.1.1 The Manufacturer is responsible for the structural and pressure-retaining integrity of a vessel or part there-
of, as established by conformance with the requirements of the rules of this Division and the requirements in the User’s
Design Specification.

2.3.1.2 The Manufacturer,completing any vessel or part marked with the Certification Mark with the U2 Designator
and class or the Certification'Mark with the PRT VIII-2 Designator in accordance with this Division has the responsibility
to comply with all theapplicable requirements of this Division and, through proper certification, to ensure that any work
by others also complies with the requirements of this Division. The Manufacturer shall certify compliance with these
requirements by.ecompleting a Manufacturer’s Data Report (see 2.3.4).

2.3.1.3 ThePRT VIII-2 Certificate Holder is not permitted to assume full Code responsibility for the completed ves-
sel. The RRT VIII-2 Certificate Holder shall only assume responsibility for the construction and marking of completed
parts.

2.3:1.4 Asingle Manufacturer’s Design Report may be completed and certified to document more than one pressure
vessel that is to be located in a single, specific jurisdiction, provided that the details of design and construction demon-
strate that the environmental requirements and jurisdictional regulatory authority applied for each installation location
are the same or more conservative than required.

2.3.2 MATERIALS SELECTION

2.3.2.1 When generic material types (i.e., carbon steel or Type 304 Stainless Steel) are specified, the Manufacturer
shall select the appropriate material from Part 3, considering information provided by the user per 2.2.3.1(g)(3).

2.3.2.2 Any material substitutions by the Manufacturer are subject to approval of the user.

(23)
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(23)

2.3.3 MANUFACTURER'S DESIGN REPORT

2.3.3.1 Certification of a Manufacturer's Design Report.
(a) The Manufacturer’s Design Report shall be certified by a Certifying Engineer in accordance with Annex 2-B when
any of the following are performed:
(1) fatigue analysis
(2) use of Part 5 to determine thickness of pressure parts when design rules are not provided in Part 4
(3) use of Part 5 to establish design thickness in lieu of Part 4 specified in 4.1.1.5.2
(4) use of Part 4.8 to design a quick-actuating closure
(5) a dynamic seismic analysis
(b) The Manufacturer’s Design Report may be certified by an engineer or a designer in accordance with Annex'2-B
when none of the conditions of (a)(1) through (a)(5) apply.

2.3.3.2 Contents of the Manufacturer's Design Report. The Manufacturer shall provide a Manufacturér’s Design
Report that includes:
(a) Final as-built drawings.
(b) The actual material specifications used for each component.
(c) Design calculations and analysis that establish that the design as shown on the drawings/complies with the re-
quirements of this Division for the design conditions that have been specified in the User’'s®Design Specification.
(1) Documentation of design-by-rule calculations in Part 4 shall include the following:

(-a) The name and version of computer software, if applicable

(-b) Loading conditions and boundary conditions used to address the load cases in the User’s Design
Specification

(-c) Material models utilized for all required physical properties (i.e.,\stréss-strain data, modulus of elasticity,
Poisson’s ratio, thermal expansion coefficient, thermal conductivity, thermal diffusivity), strength parameters (i.e., yield
and tensile strength), and allowable stresses

(-d) Detailed calculations, including results from all of the appliCable steps in the calculations, showing the accep-
tance criteria utilized to meet the requirements of this Division.

(-e) A summary of the calculation results

(2) Documentation of design-by-analysis calculations in.Rart 5 shall include the following:

(-a) A detailed description of the numerical method.uUséd, including the name and version of computer software,
if applicable

(-b) Description of model geometry (including element type for finite element analysis)

(-c) Loading conditions and boundary,conditions used to address the load cases in the User’s Design
Specification

(-d) Material models utilized for all required physical properties (i.e., modulus of elasticity, Poisson’s ratio, ther-
mal expansion coefficient, thermal conduetivity, thermal diffusivity), strength parameters (i.e., yield and tensile
strength), strain limits, if applicable, an@the design membrane stress intensity per Part 3

(-e) Description of whether material nonlinearity is utilized in the analysis including a description of the material
model (i.e, stress-strain curve andieyclic stress-strain curve)

(-f) Description of the numerical analysis procedure (i.e., static analysis, thermal analysis (temperature and
stress), buckling analysis, natural frequency analysis, dynamic analysis) and whether a geometrically linear or nonlinear
option is invoked

(-g) Graphical-display of relevant results (i.e., numerical model, deformed plots, and contour plots of thermal and
stress results)

(-h) Method used to validate the numerical model (i.e., mesh sensitivity review and equilibrium check for finite
element analysis; e.g., check of hoop stress in a component away from structural discontinuity and a check to ensure that
global equilibrium is achieved between applied loads and reactions at specified boundary conditions)

(-} Description of results processing performed to establish numerical analysis results (i.e., stress linearization
method,/use of centroidal or nodal values for stress, strain, and temperature results)

(-j) A summary of the numerical analysis results showing the acceptance criteria utilized to meet the require-
ments of this Division

(-k) Electronic storage of analysis results including input files and output files that contain numerical analysis
results utilized to demonstrate compliance with the requirements of this Division

(d) Any methods of design used that are not covered by the rules of this Division.
(e) The results of any fatigue analyses according to 5.5, as applicable.
(f) Any assumptions used by the Manufacturer to perform the vessel design.
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2.3.4 MANUFACTURER'S DATA REPORT

The Manufacturer shall certify compliance to the requirements of this Division by the completion of the appropriate
Manufacturer’s Data Report as described in Annex 2-C and Annex 2-D.

2.3.5 MANUFACTURER'S CONSTRUCTION RECORDS

The Manufacturer shall prepare, collect and maintain construction records and documentation as fabrication pro:
gresses, to show compliance with the Manufacturer’s Design Report (e.g., NDE reports, repairs, deviations from draw:
ings, etc.). An index of the construction records files, in accordance with the Manufacturer’s Quality Control System,‘shall
be maintained current (see 2-C.3). These construction records shall be maintained by the Manufacturer for the duration
as specified in 2-C.3.

2.3.6 QUALITY CONTROL SYSTEM

The Manufacturer shall have and maintain a Quality Control System in accordance with Annex 2-E.

2.3.7 MANUFACTURER'S DESIGN PERSONNEL

2.3.7.1 The Manufacturer has the responsibility of ensuring all personnel performing and/or evaluating design ac-
tivities are competent in the area of design (see Annexes 2-C and 2-]).

2.3.7.2 The Manufacturer shall maintain a controlled document, referenced in the'Quality Control System, identify-
ing the persons who may exercise control of the design work performed by othe¥s:

2.3.8 CERTIFICATION OF SUBCONTRACTED SERVICES

2.3.8.1 The Quality Control System shall describe the manner in which*the Manufacturer (Certificate Holder) con-
trols and accepts the responsibility for the subcontracting of activities( The Manufacturer shall ensure that all contracted
activities meet the requirements of this Division.

2.3.8.2 Work such as forming, nondestructive examinatidn; heat treating, etc., may be performed by others (for
welding, see 6.1.4.2). It is the vessel Manufacturer’s respofsibility to ensure that all work performed complies with
all the applicable requirements of this Division. After ensuring compliance, and obtaining concurrence of the Inspector,
the vessel may be stamped with the Certification Mark:

2.3.8.3 Subcontracts that involve welding on thé pressure boundary components for construction under the rules of
this Division, other than as provided in 6.1.4.2 and‘for repair welds permitted by the ASME material specifications, shall
be made only to subcontractors holding a validyU2 Certificate of Authorization. All such subcontracted welding shall be
documented on Form A-2 (see Annex 2-D}.

2.3.8.4 A Manufacturer may engagéindividuals by contract for their services as Welders or Welding Operators, at
shop or site locations shown on his-Certification of Authorization, provided all of the following conditions are met:

(a) The work to be done by Weldérs or Welding Operators is within the scope of the Certificate of Authorization.

(b) The use of such Welders gor Welding Operators is described in the Quality Control System of the Manufacturer. The
Quality Control System shall@nclude a requirement for direct supervision and direct technical control of the Welders and
Welding operators, acceptable to the Manufacturer’s accredited Authorized Inspection Agency.

(c) The Welding Precedures have been properly qualified by the Manufacturer, according to Section IX.

(d) The Welders and Welding Operators are qualified by the Manufacturer according to Section IX to perform these
procedures.

(e) Code respensibility and control is retained by the Manufacturer.

2.3.9 INSPECTION AND EXAMINATION

The Manufacturer’s responsibility for inspection and examination is summarized in Annex 7-A.

2,3.10 APPLICATION OF CERTIFICATION MARK

Vessels or parts shall be stamped in accordance with the requirements in Annex 2-F. The procedure to obtain and use
a Certification Mark is described in Annex 2-G.
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2.4 THE INSPECTOR
2.4.1 IDENTIFICATION OF INSPECTOR

All references to Inspectors throughout this Division mean the Authorized Inspector as defined in this paragraph. All
inspections required by this Division shall be by an Inspector regularly employed by an ASME accredited Authorized
Inspection Agency, as defined in ASME QAI-1, or by a company that manufacturers pressure vessels exclusively for
its own use and not for resale that is defined as a User-Manufacturer. This is the only instance in which an Inspector
may be in the employ of the Manufacturer.

2.4.2 INSPECTOR QUALIFICATION
All Inspectors shall have been qualified in accordance with ASME QAI-1.

2.4.3 INSPECTOR'S DUTIES

2.4.3.1 Itis the duty of the Inspector to make all the inspections specified by the rules of this DiviSion. In addition,
the Inspector shall make other such inspections as considered necessary in order to ensure that allrequirements have
been met. Some typical required inspections and verifications that are defined in the applicable rul€s are included in the
Inspector’s responsibility for inspection and examination as summarized in Annex 7-A.

2.4.3.2 The Inspector of the completed vessel does not have the duty of establishing the accuracy of the design cal-
culations but has the duty of verifying that the required design calculations have been performed. The Inspector has the
duty of verifying that the Manufacturer of the completed vessel has the User’s Desigh Specification on file and that the
requirements specified therein have been addressed in the Manufacturer’s Design Report. The Inspector shall verify that
both the User’s Design Specification and the Manufacturer’s Design Report are«Certified in accordance with the require-
ments of this Division.

2.4.3.3 The Inspector shall verify that the Manufacturer has a valid Certificate of Authorization and is working ac-
cording to an approved Quality Control System including having a system in place to maintain the documentation for the
Manufacturer’s construction records current with production, and ‘the reconciliation of any deviations from the Manu-
facturer’s Design Report.

2.4.3.4 The Inspector shall certify the Manufacturer’s Data Report. When the Inspector has certified by signing the
Manufacturer’s Data Report, this indicates acceptance by the Inspector. This acceptance does not imply assumption by
the Inspector of any responsibilities of the Manufacturer
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ANNEX 2-A
GUIDE FOR CERTIFYING A USER'S DESIGN SPECIFICATION

(Normative)

2-A.1 GENERAL

(a) When required in 2.2.1, one or more individuals in responsible charge of the specifieation of the vessel and the
required design conditions shall certify that the User’s Design Specification meets therequirements of this Division
and any additional requirements needed for adequate design. Such certification requiresthe signature(s) of one or more
Certifying Engineers as described in (b). One or more individuals may sign the docunientation based on information they
reviewed and the knowledge and belief that the objectives of this Division have béen satisfied.

(b) One or more individuals in responsible charge of the specification of the #essel and the required design conditions
shall certify that the User’s Design Specification meets the requirements in,2,2.3. Such certification requires the signa-
ture(s) of one or more Certifying Engineers with the requisite technical\stature and, when applicable, jurisdictional
authority to sign such a document. One or more individuals shall sign(the:documentation based on information they re-
viewed and the knowledge and belief that the objectives of this Division have been satisfied. In addition, these indivi-
duals shall prepare a statement to be affixed to the documéent attesting to compliance with the applicable
requirements of the Code (see 2-A.2.3).

2-A.2 CERTIFICATION OF THE USER'S DESIGN SPECIFICATION

2-A.2.1 When required by 2.2.1.2, certification of the User’s Design Specification requires the signature(s) of one or
more Certifying Engineers with requisite experiénce and qualifications as defined in Annex 2-J. The Certifying Engineer
(s) shall certify that the User’s Design Spegification meets the requirements of 2.2.3.

(a) The Certifying Engineer(s) shall prepare a statement to be affixed to the document attesting to compliance with
the applicable requirements of the Cade)(see 2-A.2.3).

(b) This Certifying Engineer shall-be other than the Certifying Engineer who certifies the Manufacturer’s Design Re-
port, although both may be employed by or affiliated with the same organization.

(c) The Certifying Engineer shall identify the location and authority under which he or she has received the authority
to perform engineering workistipulated by the user in the User’s Design Specification.

2-A.2.2 When more-than one Certifying Engineer certifies and signs the User’s Design Specification the area of ex-
pertise shall be noted hext to their signature under “areas of responsibilities” (e.g., design, metallurgy, pressure relief,
fabrication). In addition, one of the Certifying Engineers signing the User’s Design Specification shall certify that all ele-
ments required by this Division are included in the Specification.

2-A.2.3 . An example of a typical User’s Design Specification Certification Form is shown in Table 2-A.1.

(23)
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2-A.3 TABLES

Table 2-A.1
Typical Certification of Compliance of the User's Design Specification

CERTIFICATION OF COMPLIANCE OF
THE USER'’S DESIGN SPECIFICATION

I (We), the undersigned, being experienced and competent in the applicable field of design related to pressure vessel requirements relative to
this User’s Design Specification, certify that to the best of my knowledge and belief it is correct and complete with respect to the Design and
Service Conditions given and provides a complete basis for construction in accordance with Part 2, 2.2.3 and other applicable requirements
of the ASME Section VIII, Division 2 Pressure Vessel Code, Class , Edition, and Code Case(s)

This certification is made on behalf of the organization that will operate these vessels (company name)

Certified by:
Title and areas of
responsibility:

Date:

Certified by:
Title and areas of
responsibility:

Date:

Certifying Engineer Seal: (As required)

Date:

Engineer’s registration authority:

Registration authority location:

Engineer’s registration number (if applicable):
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ANNEX 2-B
GUIDE FOR CERTIFYING A MANUFACTURER'S DESIGN REPORT

(Normative)

2-B.1 GENERAL

(a) As required in 2.3.3, one or more individuals in responsible charge of the design and eenstruction of the vessel(s)
shall certify that the Manufacturer’s Design Report is complete, accurate, and in accordanece with the User’s Design Spec-
ification, and that all the requirements of this Division and any additional requirements needed for adequate design have
been met. Such certification requires the signature(s) of one or more individuals as(described in (b). One or more indi-
viduals may sign the documentation based on information they reviewed and the knowledge and belief that the require-
ments of this Division have been satisfied.

(b) One or more individual(s) experienced in pressure vessel design shall\certify that the Manufacturer’s Design Re-
port meets the requirements in 2.3.3. Such certification requires the signature(s) of one or more individuals with the
requisite technical and corporate authority needed for such a document. These responsible individuals shall sign the
documentation based on information they have reviewed and the knowledge and belief that the objectives of this Divi-
sion have been satisfied. In addition, these individuals shall prepare a statement to be affixed to the document attesting
to compliance with the applicable requirements of the Code’(se€ 2-B.4).

(c) The Inspector shall review the Manufacturer’s Designi\Report and ensure that the requirements of 2.4.3 have been
satisfied.

2-B.2 CERTIFICATION OF MANUFACTURER'S DESIGN REPORT BY A CERTIFYING ENGINEER

2-B.2.1 When required by 2.3.3.1(a), certification of the Manufacturer’s Design Report requires the signature(s) of
one or more Certifying Engineers with requisite experience and qualifications as defined in Annex 2-J. The Certifying
Engineer(s) shall certify that the Manufacturer’s Design Report meets the requirements of 2.3.3.

(a) The Certifying Engineer(s) shall prepare a statement to be affixed to the document attesting to compliance with
the applicable requirements of the Code (see 2-B.4).

(b) This Certifying Engineersshall be other than the Certifying Engineer who certifies the User’s Design Specification,
although both may be emplayed by or affiliated with the same organization.

(c) The Certifying Engineer shall identify the location and authority under which he or she has reached the authority
to perform engineering-work stipulated by the user in the User's Design Specification.

2-B.2.2 When(more than one Certifying Engineer certifies and signs the Manufacturer’s Design Report, the area of
expertise shall(be noted next to their signature under “areas of responsibilities” (e.g., design, metallurgy, pressure relief,
fabrication). In addition, one of the Certifying Engineers signing the Manufacturer’s Design Report shall certify that all
elementsirequired by this Division are included in the Report.

2-B.3 CERTIFICATION OF A MANUFACTURER'S DESIGN REPORT BY AN ENGINEER OR A
DESIGNER

When permitted by 2.3.3.1(b), certification of the Manufacturer’s Design Report requires the signature(s) of one or
more engineers or designers with requisite experience and qualifications as defined in Annex 2-]. The engineer(s) or
designer(s) shall certify that the Manufacturer’s Design report meets the requirements of 2.3.3. The Inspector shall re-
view the Manufacturer’s Design Report and ensure that the requirements of 2.4.3 have been satisfied.

(a) The engineer or designer shall prepare a statement to be affixed to the document attesting to its compliance with
the applicable requirements of the Code (see 2-B.4).

(23)
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(b) When more than one engineer or designer certifies and signs the Manufacturer’s Design Report, the area of exper-
tise shall be noted next to their signature under “areas of responsibilities” (e.g., design, metallurgy, pressure relief, fab-
rication). In addition, one of the engineers or designers signing the Manufacturer’s Design Report shall certify that all
elements required by this Division are included in the report.

2-B.4 MANUFACTURER'S DESIGN REPORT CERTIFICATION FORM

An example of a typical Manufacturer’s Design Report Certification Form is shown in Table 2-B.1.

2-B.5 TABLES

Table 2-B.1
Typical Certification of Compliance of the Manufacturer's Design Repart

CERTIFICATION OF COMPLIANCE OF
THE MANUFACTURER'’S DESIGN REPORT

I (We), the undersigned, being experienced and competent in the applicable field of design related to pressure_ vessel construction relative
to the certified User’s Design Specification, certify that to the best of my knowledge and belief the Manufacturer’s Design Report is complete,
accurate and complies with the User’s Design Specification and with all the other applicable construction requirements of the
ASME Section VIII, Division 2 Pressure Vessel Code, Class Editionpand
Code Case(s)
This certification is made on behalf of the Manufacturer (company name)

Certified by:

Title and areas of responsibility:

Date:

Certified by:

Title and areas of responsibility:

Date:

Certifying Engineer Seal: (As required)

Date:

Engineer’s registration authority:

Registration autharity location:

Engineer’s xegistration number (if applicable):

Authorized Inspector Review:

Date:
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ANNEX 2-C
REPORT FORMS AND MAINTENANCE OF RECORDS

(Normative)

2-C.1 MANUFACTURER'S DATA REPORTS

2-C.1.1 A Manufacturer’s Data Report shall be completed by the Manufacturer for_ each pressure vessel to be
stamped with the Certification Mark.

(a) For sample report forms and guidance in preparing Manufacturer’s Data Reports)sée Annex 2-D.

(b) A Manufacturer’s Data Report shall be filled out on Form A-1 or Form A-1R by the Manufacturer and shall be
signed by the Manufacturer and the Inspector for each pressure vessel stamped'with the Certification Mark with the
U2 Designator and class.

(c) A Manufacturer’s Data Report shall be filled out on Form A-2 by the Manufacturer and shall be signed by the Man-
ufacturer and the Inspector for each part stamped with the Certification.Mark with the U2 or PRT VIII-2 Designator, as
applicable. Same-day production of vessel parts may be reported on d single parts-documenting Form A-2, provided all
of the following requirements are met:

(1) Vessel parts are identical.

(2) Vessel parts are manufactured for stock or for the same“user or his designated agent.

(3) Serial numbers are in uninterrupted sequence.

(4) The Manufacturer’s written Quality Control System includes procedures to control the development, distribu-
tion, and retention of the Manufacturer’s Data Reports:

(d) Horizontal spacing for information on each page may be altered as necessary. All information must be addressed;
however, footnotes described in the “Remarks”®block are acceptable, e.g., for multiple cases of “none” or “not applicable.”

(e) The method of completing the Manufacturer’s Data Report shall be consistent. The report shall be typed or hand-
written using legible printing. Handwritteni‘additions or corrections shall be initialed and dated by the Manufacturer’s
representative and Inspector.

(f) Forms shall not contain advertising slogans, logos, or other commercial matter.

(g) Manufacturer’s Data ReportForms may be preprinted or computer generated. Forms shall be identical in size, ar-
rangement, and content, as shown'in this Appendix, except that additional lines may be added or Form A-3 or Form A-4
may be used.

When using forms that result in multiple pages, each page shall be marked to be traceable to the first page of the form.
For Forms A-1 and A+2j.each page shall contain, at the top of the page, as a minimum, the Manufacturer’s name, Man-
ufacturer’s serial niimber, CRN (as applicable), and National Board number (as applicable), as shown on the first page of
the form.

Additionally;en all forms, each sheet shall contain the page number and total number of pages that compose the com-
plete form{These requirements do not apply to Forms A-3 and A-4, which are intended to be single-page forms attached
to another form.

2-C.1.2 Special Requirements for Layered Vessels. A description of the layered shell and/or layered heads shall be
given on the Manufacturer’s Data Report, describing the number of layers, their thickness or thicknesses, and type of
construction (see Table 2-D.2 for the use of Form A-3, Manufacturer’s Data Report Supplementary Sheet). An example
of the use of Form A-3 illustrating the minimum required data for layered construction is given in Form A-3L.

2-C.1.3 Special Requirements for Combination Units.
(a) Those chambers included within the scope of this Division shall be described on the same Manufacturer’s Data
Report. This includes the following, as applicable:
(1) for differential pressure design, the maximum differential design pressure for each common element and the
name of the higher pressure chamber
(2) for mean metal temperature design, the maximum mean metal design temperature for each common element

(23)
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(23)

(3) for a common element adjacent to a chamber not included within the scope of this Division, the common ele-
ment design conditions from that chamber
(b) It is recommended that those chambers not included within the scope of this Division be described in the “Re-
marks” section of the Manufacturer’s Data Report.
(c) For fixed tubesheet heat exchangers, Form A-4 shall be completed in conjunction with Form A-1.

2-C.1.4 The Manufacturer shall distribute the Manufacturer’s Data Report as indicated below.

(a) Furnish a copy of the Manufacturer’s Data Report to the user and, upon request, to the Inspector;

(b) Submit a copy of the Manufacturer’s Data Report to the appropriate enforcement authority in the jurisdiction in
which the vessel is to be installed where required by law;

(c) Keep a copy of the Manufacturer’s Data Report on file in a safe repository for at least 3 yr;

(d) In lieu of (b) or (c) above, the vessel may be registered and the Manufacturer’s Data Reports filed with the,National
Board of Boiler and Pressure Vessel Inspectors, 1055 Crupper Ave., Columbus, Ohio 43229, USA, where permitted by the
jurisdiction in which the vessel is to be installed.

2-C.2 MANUFACTURER'S PARTIAL DATA REPORTS

2-C.2.1 The parts Manufacturer shall indicate under “Remarks” the extent the Manufactirer has performed any or
all of the design functions. For guidance in preparing Manufacturer’s Partial Data Reports, see Annex 2-D.

2-C.2.2 Manufacturer’s Partial Data Reports for pressure vessel parts requiring examination under this Division,
which are furnished to the Manufacturer responsible for the completed vessel, shall be'executed by the parts Manufac-
turer’s Inspector in accordance with this Division (see 2.3.1.2). All Manufacturer’s Partial Data Reports, Form A-2, shall
be attached to the Manufacturer’s Data Report, Form A-1 or Form A-1P.

2-C.2.3 A Manufacturer with multiple locations, each holding its own, Certificate of Authorization, may transfer
pressure vessel parts from one of its locations to another without Manufacturer’s Partial Data Reports, provided the
Quality Control System describes the method of identification, transfer, and receipt of the parts. For cases in which a
Manufacturer has multiple locations that include both shop and.field locations, and the field assembly of the vessel is
completed by one Manufacturer’s location that is different from\the part Manufacturer’s location(s), the name of the
Manufacturer responsible for field assembly shall be shown/un Line 1 of the Manufacturer’s Data Report. The Manufac-
turer responsible for field assembly shall complete and sigivboth the Shop and Field portions of the Manufacturer’s Data
Report.

2-C.3 MAINTENANCE OF RECORDS

2-C.3.1 The Manufacturer shall maintainya file for three years after stamping of the vessel, and furnish to the user
and, upon request, to the Inspector, the reports and records shown below. It is noted that items that are included in the
Manufacturer’s Quality Control System meet the requirements of these subparagraphs.

(a) User’s Design Specification (see 2.2.3)

(b) Manufacturer’s Design Report (see 2.3.3)

(c) Manufacturer’s Data Repert (see 2.3.4)

(d) Manufacturer’s Construction Records and Manufacturer’s Partial Data Reports (see 2.3.5)

(1) Tabulated list of‘all material used for fabrication with Materials Certifications and Material Test Reports, and a
record of any repairs'to pressure-retaining material that require a radiographic examination by the rules of this Division.
The record of the repairs shall include the location of the repair, examination results, and the repair procedures.

(2) Fabrication information including all heat treatment requirements, forming and rolling procedure when pre-
pared, an inspection and test plan identifying all inspection points required by the user, and signed inspection reports

(3) List of any subcontracted services or parts, if applicable

(4) Welding Procedure Specifications (WPS), Procedure Qualification Records (PQR), weld map and Welder/Weld-
ing(Operator Performance Qualification Records for each welder who welded on the vessel

(5) Pressure parts documentation and certifications

(6) Record of all heat treatments including post weld heat treatment (these records may be either the actual heat
treatment charts or a certified summary description of heat treatment time and temperature)

(7) Results of production test plates, if applicable

(8) NDE procedures, records of procedure demonstrations, and records of personnel certifications
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(9) All reports stating the results of inspection, nondestructive examinations, and testing, including radiographic
examination, ultrasonic examination, magnetic particle examination, liquid dye penetrant examination, and hardness
tests; and documentation of the Manufacturer’s acceptance of the examination results

(10) All nonconformance reports including resolution and a detailed description of any repairs including repair pro-
cedures, a sketch, photo, or drawing indicating the location and size of the repaired area

(11) Charts or other records of required hydrostatic, pneumatic, or other tests. Test logs shall include the test date,
testing fluid, duration of the test, temperature of the test fluid, and test pressure

(12) Dimensional drawings of the as-built condition

(13) Continuity records showing that the qualifications of welders, brazers, welding operators, and brazing-opera-
tors have been maintained

2-C.3.2 The Manufacturer shall maintain a complete set of radiographs until the signing of the Manufacturer’s Data
Report, and furnish upon request to the user and, upon request, to the Inspector [see 7.5.3.1(a)].
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ANNEX 2-D
GUIDE FOR PREPARING MANUFACTURER'S DATA REPORTS

(Informative)

2-D.1 INTRODUCTION

2-D.1.1 The instructions in this Annex provide general guidance to the Manufacturer in pyeparing the Manufac-
turer’s Data Reports as required in 2.3.4.

2-D.1.2 Manufacturer’s Data Reports required by this Division are not intended forpressure vessels that do not
meet the provisions of this Division, including those of special design or construction that.require and receive approval
by jurisdictional authorities under, laws, rules, and regulations of the respective state er‘municipality in which the vessel
is to be installed.

2-D.1.3 The instructions for completing the Manufacturer’s Data Reports‘are identified by numbers corresponding
to numbers on the sample forms in this Annex (see Forms A-1, A-1P, A-2;~A-3, and A-4).

2-D.1.4 Where more space is needed than has been provided on,the form for any item, indicate in the space “See
Remarks,” “See attached Form A-3,” or “See attached Form A-4,” as-appropriate.

2-D.1.5 For fixed tubesheet heat exchangers, Form A-4 shallbe completed.

2-D.1.6 It is not intended that these Manufacturer’s Data Reports replace in any way the required Manufacturer’s
Design Report (see 2.3.3) or the Manufacturer’s ConstructipnRecords (see 2.3.5). It is intended that the Manufacturer’s
Data Reports be used for identifying the vessel, retrieval of records, and certification of compliance with this Division
and with the User’s Design Specification, by the Mahufacturer and by the Inspector.

2-D.2 TABLES

Table 2-D.1
Instructions for the Preparation of Manufacturer's Data Reports
Applies to Form Note
A-1 A-1P A2 A3 A2 No. Instructions

X X X X X 1 Name, street address, city, state or province (as applicable), and country of Manufacturer.

X X X X 2 Name and address of purchaser.

X X X X 3 Name of user, and address where vessel is to be installed.

4 Name and address of Manufacturer who will use the vessel part in making the complete vessel

X X X X 5  Type of vessel, such as horizontal or vertical, tank, separator, heat exchanger, reactor.

X 6 Brief description of vessel part (i.e., shell, two-piece head, tube, bundle).

XX X X X 7  An identifying Manufacturer’s serial number marked on the vessel (or vessel part) (see Annex 2-F).

X X X X X 8 Applicable Jurisdiction Registration No.

X X X X 9 Indicate drawing numbers, including revision numbers, which cover general assembly and list materials.
For Canadian registration, the number of the drawing approved by the applicable jurisdictional
authority.

X 10  Organization that prepared drawing.

X X X X X 11 Where applicable, National Board Number from Manufacturer’s Series of National Board Numbers.

X X X 12 Issue date of Section VIII, Division 2 under which vessel was manufactured, and vessel class.

X X X 13 All Code Case numbers when the vessel is manufactured to any Code Cases
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Table 2-D.1

Instructions for the Preparation of Manufacturer's Data Reports (Cont'd)

Applies to Form

Note
A-1 A-1P A-2 A-3 A4 No. Instructions

X 14  To be completed when one or more parts of the vessel are furnished by others and certified on
Manufacturer’s Data Report Form A-2 as required by Annex 2-F. The part manufacturer’s namend
serial number should be indicated.

X X X 15  Show the complete ASME Specification number and grade of the actual material used in the vessel part.
Material is to be as designated in Section VIII, Division 2 (e.g., “SA-285 C”). Exceptions:-A(spéecification
number for a material not identical to an ASME Specification may be shown only if such material meets
the criteria in the Foreword of this Section. When material is accepted through.a Céde Case, the
applicable Case Number shall be shown.

X X X 16  Thickness is the nominal thickness of the material used in the fabrication<efthe vessel. It includes
corrosion allowance.

X X X 17  State corrosion allowance on thickness.

X X 18 Indicate whether the diameter is inside diameter or outside dianietep.

X X 19  The shell length shall be shown as the overall length between®closure or transition section welds, for a
shell of a single diameter. In other cases, define length, as-appropriate.

X X 20  Type of longitudinal joint in cylindrical section, or any joint\in‘a sphere (e.g., Type No.1 butt, or seamless)
per 4.2.

X X X 21  State the temperature and time if heat treatment\is performed by the Manufacturer (i.e., postweld heat
treatment, annealing, or normalizing). Explaintany special cooling procedure under “Remarks.”

X X 22 Indicate examination applied to longitudinal seams. Any additional examinations should be included
under “Remarks.”

X X 23 Type of welding used in girth joints,in, the cylindrical section (see 20).

X X 24 Indicate examination applied to girth joints (see 22).

X X 25  Number of cylindrical courses, @r’belts, required to make one shell.

X . X 26  Show specified minimunrithickness of head after forming. State dimensions that define the head shape.

X X X 27  Bolts used to secure removable head or heads of vessel and vessel sections.

X . X 28  For jacketed vessels, ‘explain the type of jacket closures used.

X X X X 29  Show the intefpal maximum allowable working pressure and the external maximum allowable working
pressures

X X X X 30 Show theoincident temperatures that correspond to the internal maximum allowable working pressure
andithe external maximum allowable working pressure, as applicable.

X X X 31  Show minimum Charpy V-notch impact value required and impact test temperature. If exempted, indicate
under “Remarks” paragraph under which exemption was taken.

X X X 32~ Show minimum design metal temperature.

X X X 83  Show hydrostatic or other tests made with specified test pressure at top of vessel in the test position.
Cross out words (pneumatic, hydrostatic, or combination test pressure) that do not apply. Indicate
under “Remarks” if vessel was tested in the vertical position. See Part 8 for special requirements for
combination units.

X X X 34  Indicate nozzle or other opening that is designated for pressure relief.

X X X 35  Show other nozzles and openings by size and type (see 50).

X X X 36  Show opening designated for inspection. Show location.

X X X 37 Indicate provisions for support of the vessel and any attachments for superimposed equipment.

X X X 38 Indicate whether fatigue analysis is required per Part 4.

XL X X 39  Describe contents or service of the vessel.

Xy* X X 40  Space for additional comments, including any Code restrictions on the vessel or any unusual Code
requirements that have been met, such as those noted in 21, 22, 24, 31, and 33, or in 1.2.1 and 1.2.2;
2-C.1.3; or 5.10. Indicate stiffening rings, if used.

X X X 41  Certificate of Compliance block is to show the name of the Manufacturer as shown on his ASME Code
Certificate of Authorization. This should be signed in accordance with organizational authority defined
in the Quality Control System (see Annex 2-E).

X X X 42  This certificate is to be completed by the Manufacturer to show the disposition of the User’s Design

Specification and the Manufacturer’s Design Report, and to identify the individuals who certify them
per 2.2.3 and 2.3.3, respectively (see 49).

29


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

2-D.2

ASME BPVC.VIIL.2-2023

X X
X X
X X
X
X
X

Table 2-D.1
Instructions for the Preparation of Manufacturer's Data Reports (Cont'd)
Applies to Form Note
A-1 A-1P A2 A3 A4 No. Instructions
X X X X X 43  This certificate is to be completed by the Manufacturer and signed by the Authorized Inspector who
performs the shop inspection.
X X X X X 44  This National Board Authorized Inspector Commission number must be shown.
X X 45  This certificate is for the Authorized Inspector to sign for any field construction or assembly work (see 44

for National Board Authorized Inspector Commission number requirements). Indicate the methédyused
to pressure test the vessel.

X X 46  Fill in information identical to that shown on the Data Report to which this sheet is supplementary.

X X 47  Fill in information for which there was insufficient space for a specific item on the Data Report Form as
identified by the notation “See attached Form A-3” or “See attached Form A-4” on the Data Report.
Identify the information by the applicable Data Report Item Number.

X 48  Indicate data, if known.
X 49  Registration locale (as required per 2.2.3 and 2.3.3).
X 50 Data entries with descriptions acceptable to Inspector. Abbreviations;.¢oded identification, or reference

to Code Figure and sketch number may be used to define any gehéric name. For ASME B16.5 flanges,
the class should be identified. Flange facing and attachment te neck is not required. Some typical
abbreviations are shown below.

¢ Flanged fabricated nozzle: CI. 300 flg

¢ Long weld neck flange: CI. 300 Iwn

e Weld end fabricated nozzle: w.e.

X 51  Material for nozzle neck. Flange material not-necessary.
X 52  Nominal nozzle neck thickness. For ASME B16.1l and similar parts, class designation may be substituted
for thickness.
X 53  Fill in data required by 4.18.14.3(b)»
54  Indicate whether the heat transfer.plates are gasketed, semiwelded, or brazed.
55  Indicate the endplate width_and length dimensions.
56  Describe
(a) heat transfer platemodel name
(b) heat transfer<late nominal thickness
(c) minimum dandymaximum number of heat transfer plates for the given frame configuration
(d) quantitynof heat transfer plates installed at time of pressure test
(e) minimum and maximum tightening dimension of installed heat transfer plates at the time of
pressure test

Table 2-D.2
Supplementary Instructions for the Preparation of Manufacturer's Data Reports for Layered
Vessels
Note Letter Instructions

A
B

m O

— = T o™

Letter symbols indicate instructions that supplement the instructions of Table 2-D.1.

The Form A-3L is not available preprinted as shown. It is intended as an example of suggested use of Form A-3 for reporting data for
avessel of layered construction. It is intended that the Manufacturer develop his own arrangement to provide supplementary data
that describes his vessel.

Note the NDE performed (RT, PT, MT, UT).

Applies only when heads are of layered construction.

Indicates if seamless or welded.

When more than one layer thickness is used, add lines as needed.

Indicate diameter of vent holes in the layers.

Indicate whether vent holes are in random locations in each layer, or are drilled through all layers.

Indicate locations of nozzles and openings; layered shell; layered head.

Indicate method of attachment and reinforcement of nozzles and openings in layered shells and layered heads. Refer to figure
number if applicable.
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ASME BPVC.VIIL.2-2023 2-D.2

FORM A-1 MANUFACTURER’S DATA REPORT Page____of ___
FOR PRESSURE VESSELS
As Required by the Provisions of the ASME Code Rules, Section VI, Division 2

1. Manufactured and certified by ®

(Name and address of manufacturer)

2. Manufactured for

(Name and address of purchaser)

3. Location of installation ®
(Name and address)
4 Type ® ® ® ®
Horiz. or vert. tank Mfr.’s serial no. CRN Drawing no. Nat'l. Bd. ng” Year built

5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE
VESSEL CODE. T@: design, construction, and workmanship conform to@gSME Code, Section VI, Division 2. ®

Year Class Code case no.
Items 6 to 11 incl. to be completed for single wall I kets of jacketed vessels, or shells of heat exchanger's
6. Shell ® @
Material (spec. no., grade) Nom. thk. Corr. allow. Diameter Length (overall)
7. Seams @
Longitudinal Heat treatment Nondestructive examination
Girth Heat treatment Nondestructive examination No. of courses
8. Heads: (a) Matl. ® @ @ (b)Viatl, ® @ @
Spec. no., grade Spec. no., grade
Location Minimum Corrosion Crown Knuckle Elliptical | Conical Apex | Hemispherical | Flat Diameter Side to Pressure
(Top, Bottom, End) | Thickness Allowance Radius Radius Ratio Angle Radius (Convex or Concave)
[(a)
[ (b)
9. If removable, bolts used (describe other fastenings): @
Matl. spec. no., grade, size, number
10. Jacket closure If bar,\give dimensions . If bolted, describe or sketch.
Describe as ogee and weld, bar, etc.
11. MAWP at max. temps Min. design metal temp. @  at @
(Internal) (External) (Internal) (External)
Impact test S} At test temperature of @
Hydro., pneu., or comb test pressure @
Items 12 and 13 to be completed for tube sections
12. Tubesheets ® @)
Stationary matl. (spec. no., Diam. (subject to pressure) Nom. thk. Corr. allow. Attach. (wld., bolted)
grade)
Floating matl. (spec, e, (Diam.) Nom. thk. Corr. allow. Attach. (wld., bolted)
grade)
13. Tubes
Matl. (specnosrgrade) 0.D. Nom. thk. Number Type (straight or "U")
Items 14 to 18 incl. to be ipleted for inner chambers of jacketed v Is, or ch Is of heat hangers
14. Shell ® (@)
Material (spec. no., grade) Nom. thk. Corr. allow. Diameter Length (overall)
15. Seams @ @
Longitudinal Heat treatment Nondestructive examination
@ 3)
Girth Heat treatment Nondestructive examination No. of courses
16. Heads: (a) Matl. (b) Matl.
Spec. no., grade Spec. no., grade
Location Minimum Corrosion Crown Radius Knuckle Elliptical |Conical Apex| Hemispherical|Flat Diameter| Side to Pressure
(Top, Bottom, End) | Thickness Allowance Radius Ratio Angle Radius (Convex or Concave
[(a)
[b)
17. If removable, bolts used (describe other fastenings):
Matl. spec. no., grade, size, number
18. MAWP at max. temp. Min. design metal temp. @ at_ @
(Internal) (External) (Internal) (External)
Impact test @ At test temperature of @
Hydro., pneu., or comb test pressure ®

(07/17)
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2-D.2

ASME BPVC.VIIL.2-2023

FORM A-1 Page of
Manufactured by
Manufacturer’s Serial No. @ CRN National Board No ©
Items below to be completed for all vessels where applicable.
19. Nozzles inspection and pressure relief device openings
Purpose No. |Diam. or Size | Type Material Nom. Thk. | Reinforcement Material | How Attached Location
(Inlet, Outlet, Drain, etc.)
® @ @ [CXG) ®
20. Body Flanges
Body Flanges on Shells
Bolting
No. Type D oD Flange Thk | Min Hub Thk Material How Attached Location Num & Size Bolting Material 10‘6‘{1%’)%“ Washer Material
(©] @ (3 @®
Body Flanges on Heads
Bolting
No. Type D oD Flange Thk|Min Hub Thk Material How Attached Location Num & Size Bolting/Material 10\|,3VVH|SD}:E(;H Washer Material
@® @ @® @®
21. Support Skirt @) Lugs Legs Other Attached
Yes or no No. No. Describe Where and how
22. Service: Fatigue analysis required and
Yes or no Describe contents or service
Remarks: @ @ @ G.CIE) @ @
CERTIFICATION OF DESIGN
User’s Design Specification on file at
Manufacturer’s Design Report on file at
User’s Design Specification certified by PE State Reg. No.
Manufacturer’s Design Report certified by PE State Reg. No.
CERTIFICATE OF SHOP COMPLIANCE

We certify that the statements in this report are correct and that all details of design, material, construction, and workmanship of this
vessel conform to the ASME Code for PressuVesseIs, Section VIII, Division 2.

“U2" Certificate of Authorization No. expires
Date Co. name Signed
Manufacturer Representative
CERTIFICATE OF SHOP INSPECTION
Vessel made by at
I, the undersigned, ‘holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

of

have inspectedthe pressure vessel described in this Manufacturer’s Data Report on )
and state that, to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME Code,
Sectian VM, Division 2. By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied,
copicerhing the pressure vessel described in this Manufacturer’s’ Data Report. Furthermore, neither the Inspector nor his employer shall be
liable in any manner for any personal injury or property damage or a loss of any kind arising from or connected with this inspection.
Date Signed Commissions

Authorized Inspector National Board Authorized Inspector Commission number

(07/21)
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ASME BPVC.VIIL.2-2023 2-D.2

FORM A-1 Page of
Manufactured by
Manufacturer’s Serial No. @ CRN National Board No ©
CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE

We certify that the field assembly construction of all parts of this vessel conforms with the requirements of Section VIII, Division/2
of the ASME BOILER AND PRESSURE VESSEL CODE.

“U2" Certificate of Authorization No. expires
Date Co. name Signed
Assembler that certified and constructed field assembly Representative
CERTIFICATE OF FIELD ASSEMVIBLY INSPECTION
I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspe¢tors and employed by

of
have compared the statements in this Manufacturer’s Data Report with the described pressure vessel and state that parts referred to as
data items
not included in the certificate of shop inspection, have been inspected by me and that, to the best ©f o1y knowledge and belief, the
Manufacturer has constructed and assembled this pressure vessel in accordance with the ASME Code;Section VI, Division 2.
The described vessel was inspected and subjected to a hydrostatic test of
By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or |mp||ed concerning the pressure
vessel described in this Manufacturer’s Data Report. Furthermore, neither the Inspector ner his.employer shall be liable in any manner
for any personal injury or property damage or a loss of any kind arising from or connected with this inspection.

Date Signed Commissions

Authorized Inspector National Board Authorized Inspector Commission number

(07/17)
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2-D.2

ASME BPVC.VIIL.2-2023

FORM A-1P  MANUFACTURER’S DATA REPORT Page___of ___

FOR PLATE HEAT EXCHANGERS
As Required by the Provisions of the ASME Code Rules, Section VIIl, Division 2

1. Manufactured and certified by O
(Name and address of Manufacturer)
2. Manufactured for ®
(Name and address of Purchaser)
3. Location of installation ®
(Name and address)
4. Type ® O) ®
(Horizontal or vertical) (Gasketed, semiweld, brazed) (Manufacturer’s serial no.) (CRN) (Drawing no.)
(National Board no.) Year built

5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND'PRESSURE

VESSEL CODE. The design, construction, and workmanship conform to ASME Code, Section VI, Division 2.

[Edition (Year)] Code case no.
6. Endplates: (a) ® (b) ® (c)
(Fixed material) (Movable material) (Other material)
No. Quantity Width Length Thickness Corr. Allow. Heat(Treat Temp. Time
) &) ® @ @ @
7. Frame compression bolts and nuts @
(Quantity, diameterymaterial specification, and grade)
8. Impact test @
[Indicate YES and the compenentlsfimpact tested, or NO]
9. Heat transfer plates ®
(Plate model) (Material specification and grade) (Thickness) (Minimum/maximum quantity of plates for frame)
(Quantity of plates pressure tested) (Minimum tightening dimension) (Maximum tightening dimension)
10. Chamber 1, MAWP at max. temp ' @ MDMT at Hydro/pneu. test press. L
11. Chamber 2, MAWP at max. temp' , ©) MDMT at Hydro/pneu. test press. ®
12. Nozzles, connections, inspections, and pressare relief device openings:
Purpose Material Nozzle Thickness How Attached
(Inlet, Outlet, Dia. or Flange Location

Drain, etc.) Qty. Size Type Nozzle Flange Rating Nom. C.A. Nozzle Flange (Insp./Open.)

©) ©) ©) ® & @® ©) ®
13. Supports: Lugs &) Legs Feet ) Others &) Attached )

(Quantity) (Quantity) (Describe) (Where and how)
14. SeryiceiFatigue analysis required
(Yes or No) (Describe contents or service)

15. Rémarks: @ @
(07/21)
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ASME BPVC.VIIL.2-2023 2-D.2

FORM A-1P Page of
Manufactured by
Manufacturer’s Serial No. @ CRN National Board No @
CERTIFICATION OF DESIGN
User’s Design Specification on file at
Manufacturer’s Design Report on file at
User’s Design Specification certified by PE State Reg. No.
Manufacturer’s Design Report certified by PE State Reg. No.
CERTIFICATE OF SHOP COMPLIANCE

We certify that the statements in this report are correct and that all details of design, material, construction, and workrmanship of this
plate heat exchanger conform to the ASME Code for Pressure Vessels, Section VI, Division 2.

“U2" Certificate of Authorization No. expires
Date Name Signed
Manufacturer Representative
CERTIFICATE OF SHOP INSPECTION
Plate heat exchanger made by at

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Rressure Vessel Inspectors and employed by
of
have inspected the plate heat exchanger described in this Manufacturer’s Data Report on
and state that, to the best of my knowledge and belief, the Manufacturer has constructgd this plate heat exchanger in accordance with ASME
Code, Section VIII, Division 2. By signing this certificate neither the Inspector nor-his/her employer makes any warranty, expressed or implied,
concerning the plate heat exchanger described in this Manufacturer’s’ Data Réport. Furthermore, neither the Inspector nor his/her employer
shall be liable in any manner for any personal injury or property damage of a10ss of any kind arising from or connected with this inspection.

Date Signed Commi§sions

Authorized Inspector National Board Authorized Inspector Commission number

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE
We certify that the field assembly construction of all parts efithis plate heat exchanger conforms with the requirements of Section VIII,
Division 2 of the ASME BOILER AND PRESSURE VESSEL. CODE.

“U2" Certificate of Authorization No. expires
Date Name Signed
Assembler Representative
CERTIFICATE OF FIELD ASSEMBLY INSPECTION
I, the undersigned, holding a valid gommission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

of
have compared the statements inthis Manufacturer’'s Data Report with the described plate heat exchanger and state that parts referred to as
data items
not included in the certificate of shop inspection, have been inspected by me and that, to the best of my knowledge and belief, the
Manufacturer has constructed and assembled this pressure vessel in accordance with the ASME Code, Section VIII, Division 2.
The described plate héat exchanger was inspected and subjected to a hydrostatic test of
By signing this(cerntificate neither the Inspector nor his/her employer makes any warranty, expressed or implied, concerning the plate heat
exchanger described in this Manufacturer’s Data Report. Furthermore, neither the Inspector nor his/her employer shall be liable in any
manner for\any personal injury or property damage or a loss of any kind arising from or connected with this inspection.

’

Date Signed Commissions

Authorized Inspector National Board Authorized Inspector Commission number

(07/17)
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2-D.2

ASME BPVC.VIIL.2-2023

FORM A-2 MANUFACTURER’S PARTIAL DATA REPORT Page___of ___
A PART OF A pressure Vessel Fabricated by One Manufacturer for Another Manufacturer
As Required by the Provisions of the ASME Code Rules, Section VI, Division 2

1. Manufactured and certified by @
(Name and address of manufacturer)

2. Manufactured for

(Name and address of purchaser)
3. Location of installation @

(Name and address)

4. Type ® @ ® @

Horiz. or vert. tank Mfr’s. Serial No. CRN Drawing No. Nat'l Board No. Year built

5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL CODE. The design,
construction, and workmanship conform to ASME Code, Section VIII, Division 2.

Year Class Code case No.
6. Constructed to:
Drawing No. Drawing Prepared by Description of part inspected
Items 7 to 12 incl. to be completed for single wall Is, jack of jack ! Is, or shells of heat exchangers
7. Shell ® @)
Material (Spec. No., Grade) Nom. thk. Corr. allow. diameter Lengthdoyesall)
8. Seams
@ Longitudinal Heat treatment Nondestructive Examihation
Girth Heat treatment Nondestructive Examination No.lofCourses
9. Heads: (a) Matl. (@) @ @ (b) Matl. @ @ @
Spec., No., Grade Spec., No., Grade
Location (Top, Minimum Corrosion Crown Knuckle Hemisphefical Side to Pressure
Bottom, End) Thickness Allowance Radius Radius | Elliptical Ratio | Conical Apex Angle Radius Flat Diameter |(Convex or Concave)
[(@
[ (o)

10. If removable, bolts used (describe other fastenings):

Matl. Spee. No. Grade Size Number

11. Jacket closure If bar, give dimensiong, % [f bolted, describe or sketch.

Describe as ogee and weld, bar. etc

12. MAWP at max. temp. Min. design metal temp. & at &
(internal) (external) (internal), (external)
Impact test @ At test temperature of @
Hydro., pneu., or comb test pressure @

Items 13 and 14 to be completed for tube sections.
13. Tubesheets

@)

Stationary matl. (Spec. No., Diam. (Subjectfo pressure) Nom. thk. Corr. Allow. Attach. (wld., bolted)

Grade)

Floating matl. (Spec. No., (Diar. ) Nom. thk. Corr. Allow. Attach. (wld., bolted)
Grade)
14. Tubes
Matl. (Spec. No.. Grade) 0.D. Nom. thk. Number Type (straight or "U")
Items 15 to 18 incl. to be completed for inner ofj: vessels, or of heat
15. Shell ® @
Material (Spec. No., Grade) Nom. thk. Corr. allow. diameter Length (overall)
16. Seams
Longitudinal Heat treatment Nondestructive Examination
Girth Heat treatment Nondestructive Examination No. of Courses
17. Heads: (a) Matl. (b) Matl.
Spec., No., Grade Spec., No., Grade
Location, (Top, Minimum Corrosion Crown Knuckle Hemispherical Side to Pressure
Bottgm, End) Thickness Allowance Radius Radius | Elliptical Ratio| Conical Apex Angle Radius Flat Diameter |(Convex or Concave)
[@
[ (o)

18, \If«wtemovable, bolts used (describe other fastenings):

Matl. Spec. No. Grade Size Number

19. Design press. at max. temp. ! . Charpy impact Q

at test temp. of . Min. design metal temp. at
Pneu., hydro., or comb. pressure test @
(07/17)
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ASME BPVC.VIIL.2-2023

2-D.2

FORM A-2 Page___ of
Manufactured by
Manufacturer’s Serial No @ CRN National Board No @
Items below to be completed for all vessels where applicable
20. Nozzles inspection and pressure relief device openings
Purpose
(Inlet, Outlet, Drain, etc)] No. [Diam. or Size| Type Material Nom. Thk. |Reinforcement Material | How Attached Location
® ® ®
() 69) &) &)
21. Body Flanges
Body Flanges on Shells
Bolting
Washer
No. Type D oD Flange Thk| Min Hub Thk Material How Attached Location Num& Size Bolting Material (0D, ID, thk) Washer Material
(5 ) (3 ®
Body Flanges on Heads
Bolting
Washer
No. Type ID oD Flange Thk| Min Hub Thk Material How Attaehed Location Num & Size Bolting Material (0D, ID, thk) Washer Material
22. Support Ski& Lugs Legs Other Attached
Yes or No No. No Describe Where and how

_Remarks: @®@EE®®®E®

(07/21)
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2-D.2 ASME BPVC.VIIL.2-2023

FORM A-2 Page of
Manufactured by
Manufacturer’s Serial No. @ CRN National Board No. @
CERTIFICATION OF DESIGN
User’s Design Specification on file at
Manufacturer’s Design Report on file at
User’s Design Specification certified by PE State Reg. No.
Manufacturer’s Design Report certified by PE State Reg. No.
CERTIFICATE OF SHOP COMPLIANCE

We certify that the statements in this report are correct and that all details of design, material, construction, and workmanship of this vésselConform
to the ASME Code for Pressure Vessels, Section VI, Division 2.

“U2” or “PRT VIII-2” Certificate of Authorization No ! expires
Date Co. name Signed
Manufacturer Represéntative
CERTIFICATE OF SHOP INSPECTION
I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Jnspectors and employed by

of ,
have inspected the part of a pressure vessel described in this Manufacturer's Data Report on ,
and state that, to the best of my knowledge and belief, the Manufacturer has constructed this part in dcgordance with ASME Code, Section VIII,
Division 2. By signing this certificate neither the Inspector nor his employer makes any warrantyxexpressed or implied, concerning the part
described in this Manufacturer’s’ Data Report. Furthermore, neither the Inspector nor his employershall be liable in any manner for any personal
injury or property damage or a loss of any kind arising from or connected with this inspection.

Date Signed Commissions

Authorized Inspector National Board Authorized Inspector Commission number

(07/23)
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ASME BPVC.VIIL.2-2023

2-D.2

FORM A-3 MANUFACTURER'’S DATA REPORT

SUPPLEMENTARY SHEET

As Required by the Provisions of the ASME Code Rules, Section VIII, Division 2

1. Manufactured and certified by ®
(Name and address of manufacturer)
2. Manufactured for ®
(Name and address of purchaser)
3. Location of installation ®
(Name and address)
4. Type ® @ ® @
Horiz. or vert. tank Mfr’s. Serial No. CRN Drawing No. Nat’l Board No. Year built
Data Report
Item Number Remarks
Date _____ Co.name Signed
Manufactuter Representative
Date ___ Signed Commissions

Authorized Inspector

National Board Authorized Inspector Commission number

(07/17)
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2-D.2

ASME BPVC.VIIL.2-2023

FORM A-3L MANUFACTURER’S DATA REPORT
SUPPLEMENTARY SHEET
As Required by the Provisions of the ASME Code Rules, Section VIII, Division 2

1. Manufactured and certified by

O}

2. Manufactured for

(Name and address of manufacturer)

©)

3. Location of installation

(Name and address of purchaser)

®

(Name and address)

4 Type ® ® ® ®
Horiz. or vert. tank Mfr’s. Serial No. CRN Drawing No. Nat’l Board No. Year built,
Data Report
Iltem Number
Remarks ®
Item 6 or 7 (a) layered construction type: (Concentric, wrapped, spiral, coil wound, shrink fit, etc.) Nom. Layer
(Shell) Location Mat'l. Layer Thk. Nom. Thk.Tot. No. Courses NDE
(b) Inner Shell
(c) Dummy Layer @ ® @) ©
(d) Layers:
(e) Overwraps:
Iltem 8 (a) Layered Construction Type: (Formed, Machined, Segmental, etc.)
(Heads) (b) Inner Head
(c) Dummy Layer ® ® ® ©
(d) Layers:
(a) Layered Construction Type:
(1) Inner Head
(2) Dummy Layer
(3) Layers:
Iltem 21 Diam Hole Staggered Layers orRadial Through
(Vent holes in  (a) Layered Shell ®
layers)
(b) Layered Head ©

ltem 24 Gaps Have Been Controlled According to the Provisions of Paragraph:
(Remarks) (See 4.13.12.1, 14.13.12.2, and 14.13.12.3)
[0JO)
Date Co. name Signed
Manufacturer Representative
Date Signed Commissions
Authorized Inspector National Board Authorized Inspector Commission number

(07/17)
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ASME BPVC.VIIL.2-2023

2-D.2

FORM A-4 MANUFACTURER'S DATA REPORT SUPPLEMENTARY SHEET
SHELL-AND-TUBE HEAT EXCHANGERS
As Required by the Provisions of the ASME Code Rules, Section VIIl, Division 2

1. Manufactured and certified by

©)

2. Manufactured for

(Name and address of manufacturer)

®

3. Location of installation

(Name and address of purchaser)

(Name and address)
4 Type ® ® ® ®
Horizontal, vertical, or sloped Mfr’s. Serial No. CRN Drawing No. Nat'l Board No. Year built

FIXED TUBESHEET HEAT EXCHANGERS

Design/Operating Pressure Ranges

Design/Operating Metal Temperatures

Allowable Axial
Differential Thermal
Expansion Range

Shell Side Tube Side

- - Shell Channel Tubes Tubeshegt Min. Max.

Min. Max. Min. Max.
Name of Condition (units) (units) (units) (units) (units) (units) (units) (units) (units) (units)
Design

@ ) ® ® ®

€] ® &) @

E) ®

Data Report
Item Number Remarks
Date Co. Name Signed
Manufacturer Representative
Date Signed Commissions

Authorized Inspector

(07/19)

National Board Authorized Inspector
Commission number
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2-E1 - 2-E3 ASME BPVC.VIIL.2-2023

ANNEX 2-E
QUALITY CONTROL SYSTEM

(Normative)

2-E.1 GENERAL

2-E.1.1 The Manufacturer shall have and maintain a Quality Control System that will establish that all Code require-
ments, including material, design, fabrication, examination (by the Manufacturer), and inspeetion’ of vessels and vessel
parts (by the Inspector), will be met. Provided that Code requirements are suitably identifiedythe system may include
provisions for satisfying any requirements by the Manufacturer or user that exceed mifiimum Code requirements and
may include provisions for quality control of non-Code work. In such systems, the Manufacturer of vessels and vessel
parts may make changes in parts of the system that do not affect the Code requiréments without securing acceptance
by the Inspector (see 2.1.1).

2-E.1.2 The system that the Manufacturer uses to meet the requirements ofithis Division shall be one suitable for the
Manufacturer’s circumstances. The necessary scope and detail of the system shall depend on the complexity of the work
performed and on the size and complexity of the Manufacturer’s organization. A written description of the system the
Manufacturer will use to produce a Code item shall be available for{review. Depending upon the circumstances, the de-
scription may be brief or extensive.

2-E.1.3 The written description may contain information-of-a proprietary nature relating to the Manufacturer’s pro-
cesses. Therefore, the Code does not require any distribution:of this information except for the Inspector’s or ASME des-
ignee’s copy as covered by 2-E.15.3. It is intended that‘information learned about the system in connection with the
evaluation will be treated as confidential and thatall loaned descriptions will be returned to the Manufacturer upon
completion of the evaluation.

2-E.2 OUTLINE OF FEATURES INCLUDED IN THE QUALITY CONTROL SYSTEM

The following is a guide to some ofthe features which should be covered in the written description of the Quality
Control System and is equally applicable to both shop and field work.

(a) The information associatedywith 2.3 and Annex 7-A.

(b) The complexity of the wertk includes factors such as design simplicity versus complexity, the types of materials and
welding procedures used,sthe thickness of materials, the types of nondestructive examinations applied, and whether
heat treatments are applied.

(c) The size and complexity of the Manufacturer’s organization includes factors such as the number of employees, the
experience level of\employees, the number of vessels produced, and whether the factors defining the complexity of the
work cover a wide or narrow range.

2-E.3. '‘AUTHORITY AND RESPONSIBILITY

The authority and responsibility of those in charge of the Quality Control System shall be clearly established. Persons
performing quality control functions shall have sufficient and well-defined responsibility, the authority, and the organi-
zational freedom to identify quality control problems and to initiate, recommend, and provide solutions.
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2-E.4 ORGANIZATION

An organization chart showing the relationship between management and engineering, purchasing, manufacturing,
field construction, inspection, and quality control is required to reflect the actual organization. The purpose of this chart
is to identify and associate the various organizational groups with the particular function for which they are responsible.
The Code does not intend to encroach on the Manufacturer’s right to establish, and from time to time to alter, whatever
form of organization the Manufacturer considers appropriate for its Code work.

2-E.5 DRAWINGS, DESIGN CALCULATIONS, AND SPECIFICATION CONTROL

2-E.5.1 The Manufacturer’s Quality Control System shall provide procedures which will ensure that the-latest ap-
plicable drawings, design calculations, specifications, and instructions, required by the Code, as well as;authorized
changes, are used for manufacture, assembly, examination, inspection, and testing. The system shall ensure that author-
ized changes are included, when appropriate, in the User’s Design Specification and/or in the Manufacturer’s Design
Report.

2-E.5.2 The Manufacturer’s or Assembler’s Quality Control System shall provide procedures that will ensure Cer-
tifying Engineers and Designers performing design activities are competent for each activity’they perform (see Annex

2-)D.

2-E.6 MATERIAL CONTROL

The Manufacturer shall include a system of receiving control that will ensure that the material received is properly
identified and has documentation including required material certificatiohs' or material test reports to satisfy Code re-
quirements as ordered. The system material control shall ensure fhat only the intended material is used in Code
construction.

2-E.7 EXAMINATION AND INSPECTION PROGRAM

The Manufacturer’s Quality Control System shall desscribe the fabrication operations, including examination, suffi-
ciently to permit the Inspector or ASME designee to detérmine at what stages specific inspections are to be performed.

2-E.8 CORRECTION OF NONCONFORMITIES

There shall be a system agreed uponswith the Inspector for correction of nonconformities. A nonconformity is any
condition which does not comply with<the applicable rules of this Division. Nonconformities must be corrected or elimi-
nated in some way before the completed component can be considered to comply with this Division.

2-E.9 WELDING

The Quality Control System shall include provisions for indicating that welding conforms to requirements of Section IX
as supplemented by this Division.

2-E.10 NONDESTRUCTIVE EXAMINATION

The Quality Control System shall include provisions for identifying nondestructive examination procedures the Man-
ufacturer’ or Assembler will apply to conform to the requirements of this Division.

2-E.11 HEAT TREATMENT

The Quality Control System shall provide controls to ensure that heat treatments as required by the rules of this Divi-
sion are applied. Means shall be indicated by which the Inspector or ASME designee will be ensured that these Code heat
treatment requirements are met. This may be by review of furnace time-temperature records or by other methods as
appropriate.
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2-E.12 CALIBRATION OF MEASUREMENT AND TEST EQUIPMENT

The Manufacturer shall have a system for the calibration of examination, measuring, and test equipment used in ful-
fillment of requirements of this Division.

2-E.13 RECORDS RETENTION

The Manufacturer shall have a system for the maintenance of Data Reports and records as required by this Division,
Requirements for maintenance of records are given in 2-C.3. Additionally, retained records as required by this Division
and the Quality Control System shall be made available to the Authorized Inspector Supervisors or to review teams de*
signated by ASME.

2-E.14 SAMPLE FORMS

The forms used in this Quality Control System and any detailed procedures for their use shall be available for review.
The written description shall make necessary references to these forms.

2-E.15 INSPECTION OF VESSELS AND VESSEL PARTS

2-E.15.1 Inspection of vessels and vessel parts shall be by the Inspector as defined-in 2.4.
2-E.15.2 The written description of the Quality Control System shall include reference to the Inspector.

2-E.15.3 The Manufacturer shall make available to the Inspector, at the Manufacturer’s plant or construction site, a
current copy of the written description of the Quality Control System.

2-E.15.4 The Manufacturer’s Quality Control System shall provide-for the Inspector at the Manufacturer’s plant to
have access to the User’s Design Specification, the Manufacturer’s Design Report, and all drawings, calculations, speci-
fications, procedures, process sheets, repair procedures, records,testresults, and other documents as necessary for the
Inspector to perform his duties in accordance with this Division{Th€ Manufacturer may provide such access either to his
own files of such documents or by providing copies to the Ihspector.

2-E.16 INSPECTION OF PRESSURE RELIEF-VALVES

DELETED
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ANNEX 2-F
CONTENTS AND METHOD OF STAMPING

(Normative)

2-F.1 REQUIRED MARKING FOR VESSELS

Each pressure vessel to which the Certification Mark with the U2 Designator and class is applied shall be marked with
the following:

(a) The official Certification Mark with the U2 Designator and class, as shown in Figure\2+F.1, sketch (a), which shall be
stamped on vessels certified in accordance with this Division.

(b) The name of the Manufacturer of the pressure vessel as it is shown on the Certificate of Authorization or an ab-
breviation accepted by ASME, preceded by “Certified by.” A trademark is not cofisidered to be sufficient identification for
vessels or parts constructed to this Division.

(c) The Manufacturer’s serial number (MFG SER).

(d) The MAWP (Maximum Allowable Working Pressure), internal orexternal, at the coincident maximum design metal
temperature. When a vessel is specified to operate at more than one-pressure and temperature condition, such values of
coincident pressure and design temperature shall be added to thetequired markings. The maximum allowable working
pressure (external) is required only when specified as a design“Condition.

(e) The MDMT (minimum design metal temperature) at\eoincident MAWP in accordance with Part 3.

(f) The year built.

(g) Code Edition (see 2.1.3).

(h) The construction type, i.e., all of the applicable construction types shall be marked under the Certification Mark
and U2 Designator and class or, if marking is bya fabricator of pressure vessel parts only, under the Certification Mark
and PRT VIII-2 Designator. WL (welded layered) is the only construction type that is required to be marked on the
vessel.

(i) Heat treatment markings shall be“as follows:

(1) The letters HT shall be applied*under the Certification Mark and U2 Designator and class and under the Certi-
fication Mark and PRT VIII-2 Desighdtor, as applicable, when the complete vessel has been postweld heat treated in ac-
cordance with Part 3.

(2) The letters PHT shallbe applied under the Certification Mark and U2 Designator and class or under the Certi-
fication Mark and PRT VIH:2 Designator, as applicable, when only part of the complete vessel has been postweld heat
treated in accordancexwith Part 3.

() When the complete vessel or vessel parts are inspected by a user’s Inspector as provided in 2.4.1, the word USER
shall be marked“above the

(1) Certification Mark and U2 Designator and class for complete pressure vessels or vessel parts, as applicable, or

(2) Cettification Mark and PRT VIII-2 Designator for parts only, which have been fabricated by a Manufacturer hold-
ing a valid PRT VIII-2 Certificate of Authorization

2-F.2 REQUIRED MARKING FOR COMBINATION UNITS

(a) Those chambers included within the scope of this Division shall be marked. The marking shall include the name of
each chamber (e.g., process chamber, jacket, tubes, channel) and its corresponding data. The markings shall be grouped
in one location on the combination unit or applied to each individual chamber. Each detachable chamber shall be marked
to identify it with the combination unit. When required, the marking shall include the following:

(1) for differential pressure design, the maximum differential design pressure for each common element and the
name of the higher pressure chamber
(2) for mean metal temperature design, the maximum mean metal design temperature for each common element

(23)
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(3) for a common element adjacent to a chamber not included within the scope of this Division, the common ele-
ment design conditions from that chamber
(b) It is recommended that the design conditions for those chambers not included within the scope of this Division be
marked on the combination unit. The markings may be on the applicable chamber or grouped as described in 2-F.2(a),
provided they are not included in the markings covered by the Certification Mark.

2-F.3 APPLICATION OF STAMP

The Certification Mark with the U2 Designator and class or the Certification Mark with the PRT VIII-2 Designator shall
be applied by the Manufacturer only with the approval of the Inspector, and after the hydrostatic test and all other re-
quired inspection and testing has been satisfactorily completed. Such application of the Certification Mark with the U2
Designator and class or the Certification Mark with the PRT VIII-2 Designator, together with final certification it accor-
dance with the rules of this Division, shall confirm that all applicable requirements of this Division and the”User’s Design
Specification have been satisfied.

2-F.4 PART MARKING

2-F.4.1 Parts of pressure vessels for which Partial Data Reports are required shall be marked by the parts Manu-
facturer with the following:
(a) the official Certification Mark with, as applicable, the
(1) U2 Designator and class, as shown in Figure 2-F.1, above the word “PART, or
(2) PRT VIII-2 Designator, as shown in Figure 2-F.1
(b) the name of the Manufacturer of the part, preceded by the words “Certified by”
(c) the Manufacturer’s serial number assigned to the part
(d) the MAWP and coincident maximum design metal temperature (see Part 2)
(e) the MDMT (minimum design metal temperature) at the MAWP (see Part 3)
When stamping with the Certification Mark with the PRT VIII-2 Designator, the word "PART" may be eliminated from
the stamping.

2-F.4.2 The requirements for part marking in accordance with 2-F.4.1(d) and 2-F.4.1(e) do not apply for the
following:

(a) parts for which the parts Manufacturer does not.prepare a Manufacturer's Design Report

(b) overpressure relief devices that are covered-in Part 9

2-F.5 APPLICATION OF MARKINGS

Markings required in 2-F.1 through,2<B.4 shall be applied by one of the following methods:

(a) Nameplate - A separate metal nameplate, of a metal suitable for the intended service, at least 0.5 mm (0.02 in.)
thick, shall be permanently attached'to the vessel or to a bracket that is permanently attached to the vessel. The name-
plate and attachment shall be su¢h that removal shall require willful destruction of the nameplate or its attachment sys-
tem. The attachment weld to-the vessel shall not adversely affect the integrity of the vessel. Attachment by welding shall
not be permitted on materials enhanced by heat treatment or on vessels that have been pre-stressed.

(1) Only the Certification Mark need be stamped on the nameplate.
(2) All other data‘may be stamped, etched, or engraved on the nameplate (see 2-F.7).
(3) The nameplate or a bracket to which the nameplate is affixed may be attached to a component other than the
pressure-retdining shell under the following conditions:
(-a) \The User's Design Specification shall state the need for not directly attaching the nameplate on the vessel
shell.
(*b) The nameplate or a bracket to which the nameplate is affixed shall be located in a clearly visible and acces-
siblefocation and welded to the vessel skirt or other component that is permanently attached to the vessel.
(-c) The nameplate location shall be indicated in the remarks on the Manufacturer's Data Report.
(b) Directly on Vessel Shell
(1) Markings shall be stamped, with low stress type stamps, directly on the vessel, located on an area designated as
a low stress area by the Manufacturer in the Manufacturer’s Design Report (see 2.3.3).
(2) Markings, including the Certification Mark, may be electrochemically etched on the external surfaces on the ves-
sel under the following conditions:
(-a) The markings are acceptable to the user as indicated in the User’s Design Specification.
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(-b) The data shall be in characters not less than 8 mm (¢ in.) high.

(-¢) The materials shall be limited to high alloy steels and nonferrous materials.

(-d) The process controls for electrochemical etching shall be described in the Quality Control System and shall
be acceptable to the Authorized Inspector. The process controls shall be established so that it can be demonstrated that
the characters will be at least 0.1 mm (0.004 in.) deep.

(-e) The external vessel surface condition where electrochemical etching is acceptable shall be clean, uncoated,
and unpainted.

(-f) The electrochemical etching shall not result in any detrimental effect to the materials of the vessel.

(c) Adhesive Attachment - Nameplates may be attached with pressure-sensitive acrylic adhesive systems in-aceor-
dance with the following requirements:
(1) Adhesive systems for the attachment of nameplates are permitted under the following conditions;

(-a) The adhesive used is a pressure-sensitive acrylic adhesive that has been preapplied by the nameplate man-
ufacturer to a nominal thickness of at least 0.13 mm (0.005 in.).

(-b) The adhesive is protected with a moisture-stable liner.

(-¢) The vessel(s) to which the nameplate is being attached has a design temperature within' the range of -40°C
to 150°C (-40°F to 300°F), inclusive.

(-d) The nameplate is applied to a clean, bare metal surface with attention being givén to removal of anti-weld-
spatter compound that may contain silicone.

(-e) The nameplate application procedure is qualified as outlined in (2).

(-f) The preapplied adhesive is used within 2 yr after initial adhesive application.

(2) Nameplate Application Procedure Qualification

(-a) The Manufacturer’s Quality Control System (see Annex 2-E) shall.define that written procedures, acceptable
to the Inspector, for the application of adhesive-backed nameplates shall\be'prepared and qualified.

(-b) The application procedure qualification shall include thefollowing essential variables, using the adhesive
and nameplate manufacturers’ recommendations where applicable:

(-1) Description of the pressure-sensitive acrylic adhesive system employed, including generic composition

(-2) The qualified temperature range, the cold box testtemperature shall be -40°C (-40°F) for all applications

(-3) Materials of nameplate and substrate when ¢he/mean coefficient of expansion at design temperature of
one material is less than 85% of that for the other material

(-4) Finish of the nameplate and substrate surfaces

(-5) The nominal thickness and modulus of.elasticity at application temperature of the nameplate when name-
plate preforming is employed — a change of more‘than 25% in the quantity: [(nameplate nominal thickness)? x name-
plate modulus of elasticity at application temiperature] will require requalification

(-6) The qualified range of preformed nameplate and companion substrate contour combinations when pre-
forming is employed

(-7) Cleaning requirements for'the substrate

(-8) Application temperatiiFe range and application pressure technique

(-9) Application steps,and safeguards

(-¢c) Each procedure used for nameplate attachment by pressure-sensitive acrylic adhesive systems shall be qual-
ified for outdoor exposure\in accordance with Standard UL-969, Marking and Labeling Systems, with the following ad-
ditional requirements,

(-1) Width of hameplate test strip shall not be less than 25 mm (1 in.).

(-2) Namieplates shall have an average adhesion of not less than 1.4 N/mm (8 Ib/in.) of width after all exposure
conditions, including low temperature.

(:3) Any change in (-b) shall require requalification.

{=4) Each lot or package of nameplates shall be identified with the adhesive application date.

2-F.6 DUPLICATE NAMEPLATE

A duplicate nameplate may be attached on the support, jacket, or other permanent attachment to the vessel. All data
on the duplicate nameplate, including the Certification Mark with U2 Designator and class, shall be cast, etched, en-
graved, or stamped. The Inspector need not witness this marking. The duplicate nameplate shall be marked “DUPLI-
CATE.” The use of duplicate nameplates, and the stamping of the Certification Mark on the duplicate nameplate, shall
be controlled as described in the Manufacturer’s Quality Control System.
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2-F.7 SIZE AND ARRANGEMENTS OF CHARACTERS FOR NAMEPLATE AND DIRECT STAMPING
OF VESSELS

2-F.7.1 The data shall be arranged substantially as shown in Figure 2-F.1. The characters for direct stamping of the
vessel shall be not less than 8 mm (%4 in.) high. The characters for nameplate stamping shall be not less than 4 mm (%5
in.) high. The characters shall be either indented or raised at least 0.10 mm (0.004 in.) and shall be legible and readable.

2-F.7.2 Where space limitations do not permit the requirements of 2-F.7.1 to be met, such as for parts with outside
diameters of 89 mm (3.5 in.) or smaller, the required character size to be stamped directly on the vessel may be 3 mm

(e in).

2-F.8 ATTACHMENT OF NAMEPLATE OR TAG

If all or part of the data is marked on the nameplate or tag before it is attached to the vessel, the Manuafacturer shall
ensure that the nameplate with the correct marking has been attached to the vessel to which it applies as described in
their Quality Control System. The Inspector shall verify that this has been done.
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2-F.9 FIGURES

Figure 2-F.1
Form of Stamping

USER (when inspected by user’s Inspector USER (when inspected by user’s Inspector
as provided in 2.4.1) as provided in 2.4.1)
u2 PRT VIII-2
CLASS (1 or 2)

Letters Denoting the Construction Type Letters Denoting the Constfuction Type
[see 2-F.1(h), (i), and (j), and 2-F.4.1(a)] [see 2-F.1(h), (i), and (j)and 2-F.4.1(a)]
(a) [Note (1)] (b) [Note (1)]

Certified by

(Name of Manufacturefr)
at
Maximum Allowable Working' Pressure (Internal)

at
Maximum Allowable Workifig Pressure (External) [Note (2)]

at
Minimiim*Design Metal Temperature

Manufacturer’s Serial Number

Year Built

Code Edition

GENERAL NOTES:
(a) For cases where the MAWRP (internal) and MAWP (external) have the same designated coincident temperature, the values may be com-
bined on a single line as-follows:

Pint/FV (psi) at Temp (°F)

(b) The letters “FW\may be used to designate a full vacuum condition, e.g., 150 psi/FV at 300°F.

NOTES:

(1) Information within parentheses or brackets is not part of the required marking. Phrases identifying data may be abbreviated; minimum
abbreyiations shall be MAWP, MDMT, S/N, and year, respectively.

(2) The maximum allowable working pressure (external) required only when specified as a design condition.
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ANNEX 2-G
OBTAINING AND USING CERTIFICATION MARK STAMPS

(Normative)

2-G.1 CERTIFICATION MARK

A Certificate of Authorization to use the Certification Mark with the U2 or PRT VIII-2 Designator (§ee https://www.as-
me.org/shop/certification-accreditation) shown in Annex 2-F will be granted by ASME pursuant té the provisions of the
following paragraphs. Stamps for applying the Certification Mark shall be obtained from ASME.

2-G.2 APPLICATION FOR CERTIFICATE OF AUTHORIZATION

Any organization desiring a Certificate of Authorization shall apply to ASME«in accordance with the certification pro-
cess of ASME CA-1. Authorization to use Certification Marks may be granted, renewed, suspended, or withdrawn as spe-
cified in ASME CA-1.

2-G.3 ISSUANCE OF AUTHORIZATION

A Certificate of Authorization shall be issued in accordancéswith ASME CA-1.

2-G.4 DESIGNATED OVERSIGHT

The Manufacturer shall comply with the requiréments of ASME CA-1 for designated oversight by use of an Authorized
Inspection Agency.

2-G.5 QUALITY CONTROL SYSTEM

Any Manufacturer holding or applying for a Certificate of Authorization shall demonstrate a Quality Control System
that meets the requirements of ASME CA-1 and Annex 2-E.

2-G.6 EVALUATION OF THE QUALITY CONTROL SYSTEM

2-G.6.1 The issuance or renewal of a Certificate of Authorization is based upon ASME’s evaluation and approval of
the Quality Control System, and shall be in accordance with ASME CA-1.

2-G.6.2 Before issuance or renewal of a Certificate of Authorization for use of the Certification Mark with the U2
Designater and class or the Certification Mark with the PRT VIII-2 Designator, the Manufacturer’s facilities and organi-
zationaresubject to a joint review by a representative of his Authorized Inspection Agency and an individual certified as
an ASME designee who is selected by the concerned legal jurisdiction. For those areas where there is no jurisdiction or
where a jurisdiction does not choose to select an ASME designee to review a Manufacturer’s facility, an ASME designee
selected by ASME shall perform that function. Where the jurisdiction is the Manufacturer’s Inspection Agency, the jur-
isdiction and the ASME designee shall make the joint review and joint report.

2-G.7 CODE CONSTRUCTION BEFORE RECEIPT OF CERTIFICATE OF AUTHORIZATION

A Manufacturer may start fabricating Code items before receipt of a Certificate of Authorization to use a Certification

Mark and nncignafnr under the conditions cpnriﬁnd in ASME CA-1
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ANNEX 2-1
ESTABLISHING GOVERNING CODE EDITIONS AND CASES FOR
PRESSURE VESSELS AND PARTS

(Normative)

2-1.1 GENERAL

(a) After Code revisions are approved by ASME, they may be used beginning with the.ddte of issuance shown on the
Code. Except as noted below, revisions become mandatory six months after the date®f issuance. Code Cases are permis-
sible and may be used beginning with the date of approval by ASME. Only Code Cases that are specifically identified as
being applicable to this Section may be used. At the time a Code Case is applied, only the latest revision may be used.
Code Cases that have been incorporated into this Section or have been annulléd shall not be used.

(b) Changes in the Code and Code Cases that have been published priento completion of the pressure vessel or part
may include details critical to the intended service conditions of the pressure vessel, which should be considered by the
Manufacturer. Application of such changes shall be a matter of agréement between the Manufacturer and the user. Spe-
cific incorporated Code provisions from later editions that have)been applied to construction shall be noted in the “Re-
marks” section of the Manufacturer’s Data Report.

2-1.2 CONSTRUCTION

(a) The Manufacturer of any complete vesSelor part that is to be stamped with the ASME Certification Mark required
by this Section (see Annex 2-C) has the responsibility of ensuring through proper Code certification that all work per-
formed complies with the effective Code Edition as follows:

(1) Vessels. The Code Edition used for construction of a pressure vessel shall be either the Edition that is mandatory
on the date the pressure vessel is<contracted for by the Manufacturer, or a published Edition issued by ASME prior to the
contract date that is not yet mandatory [see 2-1.1(a)].

(2) Subcontracted Parts.“When a vessel Manufacturer subcontracts some of the construction to another Certificate
Holder, the part Manufacturer shall construct the part to the Code Edition established for the entire pressure vessel.

(3) Parts Built for Stock. Parts built for stock shall be constructed to either the Edition that is mandatory at the time
of Code certification or a published Edition issued by ASME prior to Code certification that is not yet mandatory [see
2-1.1(a)].

(4) Paxts Used From Stock. When a vessel Manufacturer uses a part from stock, the vessel Manufacturer shall ensure
that the-part fully satisfies all applicable Code requirements for the Code Edition used for construction of the complete
vessél.

(b} It is permitted to use overpressure protection requirements from the Edition in effect when the vessel is placed in
service.

2-1.3 MATERIALS

For parts subject to stress due to pressure, the Manufacturer shall use material conforming to one of the specifications
listed as approved for use in the Edition specified for construction, or listed as approved for use in the Guideline for

A{‘rnprnh]n ASTM Editions or in the Guideline for Am‘npfnhln Non-ASTM Editions in Section II_Part A or Part B

51


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

2-].1 - 2-].3.2 ASME BPVC.VIIL.2-2023

ANNEX 2-J
QUALIFICATIONS AND REQUIREMENTS FOR CERTIFYING
ENGINEERS AND DESIGNERS

(Normative)

2-J.1 INTRODUCTION

(a) Persons engaged in design activity shall be competent in the topic of each design activity/performed and shall be
able to show evidence of this competency as described in 2-].2.
(b) When a Certifying Engineer is required by 2.3.3.1 to certify the Manufacturer’s Desigh Report, it is permissible for
an engineer or designer to perform the design activity, provided all the following-requirements are met:
(1) The individual has evidence of competence in the topic of design under.consideration.
(2) The individual is working under the responsible charge® of a Certifying Engineer.

2-J.2 COMPETENCY REQUIREMENTS

(a) The engineer or designer may engage in any activity required by this Division or any supplemental requirements
from the User’s Design Specification except for Code activities listéd in Table 2-].1, unless the requirements of 2-]J.1(b)
are met.

(b) The Certifying Engineer may engage in any design activity required by this Division or any supplemental require-
ments from the User’s Design Specification.

2-J.3 QUALIFICATION REQUIREMENTS
2-).3.1 GENERAL

(a) One or more persons within the Manufacturer’s organization shall be qualified to perform design work in accor-
dance with the requirements of this Aninex for any design activity listed in the Manufacturer’s Quality Control System
(see 2-E.5).

(b) The qualifications of 2-].3,2 and 2-].3.3 shall also apply to Certifying Engineers, engineers, and designers that are
engaged by the Manufacturén by contract or agreement for their services.

2-).3.2 CERTIFYING ENGINEERS

(a) The Certifying-Engineer shall attest in writing that they understand and meet the requirements of the ASME Code
of Ethics and shall’'meet the requirements of (b) and (c).
(b) The Gertifying Engineer may perform any design activity required by this Division for which the engineer has a
minimun of 4 yr of experience in the design of pressure vessels.
(1) For Certifying Engineers who certify the Manufacturer’s Design Report, this experience shall be demonstrated
thréugh documentation certified by a Manufacturer.
(2) For Certifying Engineers who certify the User’s Design Specification, this experience shall be demonstrated
through documentation maintained by the Certifying Engineer.
(c) The Certifying Engineer shall be chartered, registered, or licensed in accordance with one or more of the following:
(1) a registered Professional Engineer in at least one state of the United States or province of Canada
(2) the International Register of Professional Engineers by an authorized member of the International Professional
Engineers Agreement (IPEA)

1 Eor further information rpg:lrr‘ing rncpnncih]n rhnrgn see the National Society of Professional Engineers Pasition Statement No 1778
=2
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Table 2-J.1
Design Activities Requiring a Certifying
Engineer
Design Activities Code Location

Performance of numerical analysis 5.1.2
Fatigue assessments

Elastic stress analysis 5.5.3

Elastic-plastic stress analysis 5.5.4

Elastic analysis and structural stress 5.5.5
Design due to seismic reactions

Linear response history procedure 513

Nonlinear response history procedure 5.1.3
Quick-actuating closures 4.8

(3) an authorized member of the Asia Pacific Economic Cooperation (APEC)
(4) an authorized member of the European Federation of National Engineering Associations (FEANI)

2-J.3.3 ENGINEERS AND DESIGNERS

(a) Education

(1) The engineer shall have a degree from an accredited university or'college in engineering, science, or technology
requiring an equivalent of 4 yr of full-time study of higher education,

(2) The designer shall have completed an accredited engineering/technician or associates degree, requiring the
equivalent of at least 2 yr of study.

(b) Personnel Experience

(1) An engineer engaged in and/or having responsible gvérsight for pressure vessel design shall as a minimum hold
the qualification described in (c)(1)(-b).

(2) A designer meeting the education requirements-of (a)(2) engaged in and/or having responsible oversight for
pressure vessel design shall as a minimum hold the _qualification described in (c)(1)(-c).

(3) A designer that does not meet the minimum/education requirements of (a)(2) engaged in and/or having respon-
sible oversight for pressure vessel design shall‘as a minimum hold the qualification described in (c)(1)(-d).

(4) The engineer or designer may als6_hold any of the additional qualifications described in (c)(2) through (c)(4).

(c) Practical Experience
(1) General Pressure Vessel Design

(-a) This qualification includés all design activity required for this Division that the individual engages in, or as
listed in the Manufacturer’s Quality Control System, except as provided for in (2) through (4).

(-b) The engineer shall‘be able to demonstrate through documentation that he or she has a minimum of 4 yr of
experience in pressure vessel design.

(-c) A designer, fiieeting the education requirements of (a)(2) shall be able to demonstrate through documenta-
tion that he or she<has a minimum of 6 yr of experience in pressure vessel design.

(-d) A designer that does not meet the minimum education requirements of (a)(2) shall be able to demonstrate
that he or she'hds a minimum of 10 yr of experience in pressure vessel design.

(2) Heat Exchanger Design. The engineer or designer shall be able to demonstrate through documentation that he or
she has-a“minimum of 2 yr of experience in each of the following design Code activities for heat exchangers that they
practice:

(-a) tubesheets (see 4.18)

(-b) bellows expansion joints (see 4.19)

(-c) flexible shell element expansion joints (see 4.20)

(3) Numerical Analysis

(-a) The engineer or designer shall be able to demonstrate through documentation that he or she has a minimum
of 2 yr of experience performing design calculations not specifically addressed in this Division, including numerical
analysis.

(-b) An engineer or designer engaged in the performance of numerical analysis shall be able to demonstrate
through documentation that he or she has received instruction in the use and understanding of any numerical analysis

computer prngr:\m(c) This documentation shall be prnvidnd to the nngi‘nnnr ar dpcighnr hy one of the f"n”nmlihg-
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(-1) the developer of the computer program (e.g. the software vendor)
(-2) a training course acceptable to or licensed by the developer
(-3) a Certifying Engineer with requisite knowledge of the computer program and qualifications to train others
on its use
(4) Quick-Actuating Closures. The engineer or designer shall be able to demonstrate through documentation that he
or she has a minimum of 2 yr of experience in design activity for quick-actuating closures (see 4.8).
(5) The experience requirements of (2) through (4) may be acquired concurrently.
(6) The engineer or designer’s qualification(s) remain valid if the individual can demonstrate through documenta-
tion design activity completed within a continuous period of 36 months for each of their qualifications in (1), (2), (3)0r

(4)-

2-J.4 CERTIFICATION REQUIREMENTS
2-J.4.1 CERTIFYING ENGINEERS

(a) The Manufacturer who employs (directly or by contract) the engineer who certifies the Manufacturer’s Design Re-
port shall prepare a statement, in conjunction with 2-].3.2(b)(1), that the Certifying Engineer is qualified to perform the
design activities used.

(b) Certifying Engineers who certify the User’s Design Specification shall indicate their'qualification as shown in
2-].3.2(b)(2).

(c) Unless otherwise modified by the Manufacturer as stated in their Quality Contral Manual, certification of pressure
vessel design competence qualification expires for all design activities when no single design activity has occurred with-
in a continuous period of 36 months.

2-J.4.2 ENGINEERS AND DESIGNERS

(a) The Manufacturer who employs (directly or by contract) the enginéer or designer who certifies the Manufacturer’s
Design Report shall prepare a statement that the individual is qualified to perform the design activities used.

(b) Unless otherwise modified by the Manufacturer as stated ifutheir Quality Control Manual, certification of pressure
vessel design competence qualification expires for all Code activities when no single design activity has occurred within
a continuous period of 36 months.

2-J.4.3 REACTIVATION

Certification may be reactivated by either of the\following methods:
(a) continuity of the design activity for a 6-moénth period
(b) completion of eight or more professional development hours (PDHs) consisting of one or more of the following
activities:
(1) taught or attended an appropriate course, training program, or seminar covering the design topic
(2) attended a technical society meeting related to the topic
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PART 3
MATERIALS REQUIREMENTS

3.1 GENERAL REQUIREMENTS

The requirements for materials used in the construction of pressure vessel parts according to the rules ofithis Division
are defined in this Part. General rules and supplemental requirements are defined for different materiabtypes and pro-
duct forms. In cases of conflicts, the requirements stipulated in the paragraphs containing “Supplemental Requirements”
shall govern.

3.2 MATERIALS PERMITTED FOR CONSTRUCTION OF VESSEL PARTS
3.2.1 MATERIALS FOR PRESSURE PARTS

3.2.1.1 Materials used for the construction of pressure parts shall conform to one of the specifications given in Sec-
tion II, and shall be limited to those material specifications shown in the allowable design stress tables in Annex 3-A
unless specifically allowed by other rules of this Division.

3.2.1.2 Materials outside the limits of size, thickness, or weight limits stipulated in the title or scope clause of the
material specification given in Section Il and permitted by 3.2.1.1 may-be used if the material is in compliance with the
other requirements of the specification and a size, thickness, or<weight limitation is not given in the allowable design
stress table (see Annex 3-A) or in Table 7.2. For specifications i which chemical composition or mechanical properties
vary with size or thickness, materials outside the range shall\be required to conform to the composition and mechanical
properties shown for the nearest specified range.

3.2.1.3 Materials shall be proven of weldable quality. Satisfactory qualification of the welding procedure under Sec-
tion IX is considered as proof.

3.2.1.4 Materials for which fatigue curves are provided (see 3.15) shall be used in construction of vessels or vessel
parts subject to fatigue unless the fatigue @nalysis exemption criteria of 5.5.2 are satisfied.

3.2.1.5 Materials other than those.allowed by this Division shall not be used unless data therein are submitted to
and approved by the Boiler and Pressure Vessel Committee in accordance with Section I, Part D, Mandatory Appendix 5.

3.2.1.6 The rules in this Diyision do not provide detailed requirements for selection of an alloy suitable for the in-
tended service or the amount:of'corrosion allowance to be provided. It is required that the user or his designated agent
assure the materials used_forthe construction of vessels or vessel parts are suitable for the intended service conditions
with respect to mechanical properties, resistance to corrosion, erosion, oxidation, and other damage mechanisms antici-
pated during service life. Informative and nonmandatory guidance regarding metallurgical phenomena that occur in ma-
terial subject to.certain process environments is provided in Section II, Part D, Nonmandatory Appendix A.

3.2.1.7 The-material specifications listed in Annex 3-A of this Division include a column of UNS (Unified Numbering
System) n@umbers assigned to identify the various alloy compositions. These numbers are used in the rules of this Divi-
sion whenever reference is made to materials of approximately the same chemical composition that are furnished under
mor€ than one approved specification or in more than one product form.

312.2 MATERIALS FOR ATTACHMENTS TO PRESSURE PARTS

3.2.2.1 Except as permitted in 3.2.2.2, materials for non-pressure parts which are welded to pressure parts shall
meet all the requirements of 3.2.1 and all supplemental requirements stipulated in this Part [see 2.2.3.1(g)].

3.2.2.2 Except as limited in 3.5 for quenched and tempered steels, or by 6.7 for forged vessel construction where
welding is not permitted, minor attachments may be of a non-ASME material and may be welded directly to the pressure
part, provided the criteria listed below are satisfied. In this context, minor attachments are parts of small size [i.e., not
over 10 mm (% in.) thick or 80 cm® (5 in.*) volume] that support no load or insignificant loads (i.e., stress calculations

are not rnqnirnd in the Manufacturer’s }'ndgmnnf)' such as name p]:ﬂ'pc, insulation supports, and ]nr:\h’ng lngc
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(a) The material is identified and is suitable for welding. Satisfactory qualification of welding procedure under Section
IX is considered as proof.

(b) The material is compatible insofar as welding is concerned with that to which the attachment is to be made.

(c) The welds are postweld heat treated when required by 6.4.2 of this Division.

3.2.3 WELDING MATERIALS

3.2.3.1 Welding materials used for the construction of pressure parts shall comply with the requirements of this
Division, those of Section IX, and the applicable qualified welding procedure specification.

3.2.3.2 When the welding materials comply with one of the specifications in Section II, Part C, the marking or.tag-
ging of the material, containers, or packages as required by the applicable Section II specification may be adopted for
identification in lieu of a Test Report or a Certificate of Compliance. When the welding materials do not comply with
one of the specifications of Section II, the marking or tagging shall be identifiable with the welding materials set forth
in the welding procedure specification, and may be acceptable in lieu of a Test Report or a Certificate-of‘€ompliance.

3.2.4 DISSIMILAR MATERIALS

3.2.4.1 The user or his designated agent shall ensure that the coupling of dissimilar matetjals’will not have a detri-
mental effect on the corrosion rate or service life of the vessel (see Section II, Part D, Nonmandatory Appendix A).

3.2.4.2 The requirements for the base metals, heat-affected zones (HAZ), and weld metals of weldments between
metals having different impact testing requirements and acceptance criteria shall be‘applied in accordance with the
rules of this Division.

3.2.5 PRODUCT SPECIFICATIONS

3.2.5.1 The term plate as used in this Division also includes sheet-and strip.

3.2.5.2 See below.

(a) Rods and Bars Used for Pressure Parts. Rods and bars may_be used in pressure vessel construction for pressure
parts such as flange rings [see 4.16.4.3(a)], stiffening rings, frames for reinforced openings, stays and staybolts, and sim-
ilar parts.

(b) Parts Machined From Rod and Bar. Pressure parts¢such as hollow, cylindrically shaped parts, heads, caps, flanges,
elbows, return bends, tees, and header tees may be, machined directly from rod or bar as provided below.

(1) Examination by the magnetic particle or liquid penetrant method in accordance with the requirements of Part 7
shall be as follows:

(-a) for flanges: the back of the flangetand outer surface of the hub

(-b) for heads, caps, elbows, returnibends, tees, and header tees: all surfaces

(-c) for hollow, cylindrically shaped parts: no surface examination needed

(2) Parts may be machined fromrod or bar having a hot-worked diameter not greater than 140 mm (5.50 in.), pro-
vided that the axial length of the-part is approximately parallel to the metal flow lines of the stock.

(3) Parts may be machined from rod or bar having a hot-worked diameter greater than 140 mm (5.50 in.), but not
greater than 205 mm (8.00 in,), provided the axial length of the part is approximately parallel to the metal flow lines of
the stock, and the minimum‘required thickness of the component is calculated following the rules of this Division using
50% of the specified allowable stress.

(4) As an alternative to (3) and for rod or bar having a hot-worked diameter greater than 205 mm (8.00 in.), parts
may be machined from such rod or bar if the following requirements are met:

(-a) Fhelongitudinal axis of the part shall be parallel to the longitudinal axis of the rod or bar.

(-b) I addition to the tension test specimens required by the material specification, at least two transverse ten-
sion test specimens shall be taken from each lot (as defined in the material specification) of rod or bar material, and
having-the same diameter.

(-1) The second specimen shall be taken at 90 deg around the perimeter from the first specimen.

(-2) The axis of the tension test specimen shall be located, as nearly as practicable, midway between the center
thickness and the surface of the rod or bar.

(-3) Both specimens shall meet the mechanical property requirements of the material specification.

(-4) For Table 3-A.1 materials, the reduction of area shall be not less than 30%.

(-¢) Each rod or bar, before machining, shall be 100% ultrasonically examined perpendicular to the longitudinal
axis by the straight beam technique in accordance with SA-388. The rod or bar shall be unacceptable if either of the

Fn]]nun"ng QCCUurs:
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(-1) The examination results show one or more indications accompanied by loss of back reflection larger than
60% of the reference back reflection.
(-2) The examination results show indications larger than 40% of the reference back reflection when accom-
panied by a 40% loss of back reflection.
(-d) For heads and the flat portion of caps, the examinations of (-c) shall also be performed in the axial direction.
(-e) Before welding, the cut surfaces of the part adjacent to the weld shall be examined by magnetic particle or
liquid penetrant methods in accordance with Part 7.

3.2.5.3 When a material specification is not listed in this Division covering a particular wrought product of a grade,
but there is an approved specification listed in this Division covering some other wrought product of that grade, the
product for which there is no specification listed may be used, provided:

(a) The chemical and mechanical properties, heat treating requirements, and requirements for deoxidation, or grain
size requirements conform to the approved specification listed in this Division. The stress values for.that specification
given in Annex 3-A shall be used.

(b) The material specification is published Section II and covers that grade.

(c) For the case of welded product forms without the addition of filler metal, the appropriate stress intensity values
are multiplied by 0.85.

(d) The product is not fabricated by fusion welding with the addition of filler metal.unless it is fabricated in accor-
dance with the rules of this Division as a pressure part.

(e) The mill test reports reference the specifications used in producing the materialrand in addition make reference to
this paragraph.

3.2.5.4 Forgings certified to SA-105, SA-181, SA-182, SA-350, SA-403,"and SA-420 may be used as tubesheets and
hollow cylindrical forgings for pressure vessel shells that otherwise meet.all'the rules of this Division, provided that the
following additional requirements are met:

(a) Forgings certified to SA-105 or SA-181 shall be subject to ofte'of the austenitizing heat treatments permitted by
these specifications.

(b) One tension test specimen shall be taken from each fetging weighing more than 2 250 kg (5,000 Ib). The largest
obtainable tension test specimen as specified by the test. méthods referenced in the applicable specification shall be
used. Except for upset-disk forgings, the longitudinal axis of the test specimen shall be taken parallel to the direction
of major working of the forging. For upset-disk forgings, the longitudinal axis of the test specimen shall be taken in
the tangential direction. When agreed to by the Manufacturer, and when not prohibited by the material specification,
test specimens may be machined from specially forged test blocks meeting the provisions for such as provided in
SA-266 or other similar specifications for large forgings.

(c) For quenched and tempered forgings weighing more than 4 500 kg (10,000 Ib) at the time of heat treatment, two
tension test specimens shall be taken from each forging. These shall be offset 180 deg from each other, except if the
length of the forging, excluding test;prolongations, exceeds 3.7 m (12 ft); then one specimen shall be taken from each
end of the forging.

3.2.6 CERTIFICATION

3.2.6.1 Certificate ©f Compliance and Material Test Report.

(a) The Manufacturer shall ensure all requirements of the material specification, and all special requirements of Part 3
of this Division, that'are to be fulfilled by the materials manufacturer have been complied with. The Manufacturer shall
accomplish this by obtaining Certificates of Compliance or Material Test Reports. These documents shall include results
of all required tests and examinations, evidence of compliance with the material specifications and additional require-
ments as.applicable. When the specification permits certain specific requirements to be completed later, those incom-
plete-iterhs shall be noted on the material documentation. When these specific requirements have been completed by
semeone other than the material manufacturer, this completion shall be documented and attached to the material
documentation.

(b) For plates, the Manufacturer shall receive a copy of the test report or reports as prepared by the material manu-
facturer or by the material manufacturer and subsequent processors, if any, responsible for the data, and shall maintain
the reports as part of his construction records.

(c) For all other product forms, the Manufacturer shall receive a copy of the test report as prepared by the material
manufacturer. When preparing a test report, a material manufacturer may transcribe data produced by other organiza-
tions, provided he accepts responsibility for the accuracy and authenticity of the data.

(d) All conflicts between the material specification and the supplemental requirements stipulated in this Part shall be

noted and rnmp]in‘nr‘n with the cnpp]pmn‘nf:\] requirements shall be certified
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(23)

3.2.6.2 Certificate of Compliance and Material Test Reports by Other Than Materials Manufacturer.

(a) Except as otherwise provided in 3.2.5.3 and 3.2.7, if the requirements in a material specification listed in Annex
3-A have been completed by other than the materials manufacturer, then the vessel Manufacturer shall obtain supple-
mentary material test reports and the Inspector shall examine these documents and determine that they represent the
material and meet the requirements of the material specification.

(b) The vessel Manufacturer shall certify compliance with all the supplemental requirements stipulated in this Part for
any of the treatments or examinations specified herein. The certification shall include certified reports of results of all
tests and examinations performed on the materials by the vessel Manufacturer.

3.2.7 PRODUCT IDENTIFICATION AND TRACEABILITY

3.2.7.1 General Requirements.

(a) Material for pressure parts shall be organized so that when the vessel is completed, one complete set:0f the ori-
ginal identification markings required in the specifications for all materials of construction will be clearly visible. In case
the original identification markings are unavoidably cut out or the material is divided into two or morxé parts, the vessel
Manufacturer shall assure identification of each piece of material during fabrication and subsequentyidentification of the
markings on the completed vessel by using the methods listed below.

(1) Accurate transfer of the original identification markings to a location where the markings will be visible on the
completed vessel.

(2) 1dentification by coded marking, described in the Quality System Manual, acceptable to the Inspector and trace-
able to the original required marking.

(b) An as-built sketch or tabulation of materials shall be made, identifying each piece of material with a test report or,
where permitted by this Part, with a Certificate of Compliance and the coded marking that ensure identification of each
piece of material during fabrication and subsequent identification in the completed vessel.

(c) When plate specification heat treatments are not performed by the material manufacturer, they shall be performed
by, or under the control of, the vessel Manufacturer who shall then placethe letters “MT” (denoting material treatment)
following the letter “G” denoting green) in the Mill plate marking (see SA-20) to indicate that the heat treatments re-
quired by the material specification have been performed. THe’fabricator shall also document in accordance with
3.2.6.2(b) that the specified heat treatments have been perfetrmed in accordance with the material manufacturer’s
recommendation.

3.2.7.2 Method of Transferring Markings by the Manufacturer.

(a) Transfer of markings shall be made prior to cutting except that the Manufacturer may transfer markings imme-
diately after cutting, provided the control of these transfers is described in the Manufacturer’s written Quality Control
System. The Inspector need not witness the transfer of the marks but shall be satisfied that it has been done correctly.

(b) The material may be marked by any mettiod acceptable to the Inspector; however, all steel stamping shall be done
with commercially available “low stress’” dies.

(c) Where the service conditions prehibit die-stamping for material identification, and when so specified by the user,
the material manufacturer and the _vesSsel Manufacturer shall mark the required data on the plates in a manner which
will allow positive identification gpon delivery. The markings must be recorded so that each plate will be positively iden-
tified in its position in the completed vessel to the satisfaction of the Inspector.

3.2.7.3 Transfer of Markings by Other Than the Manufacturer.

(a) When material is(to-be formed into shapes by anyone other than the Manufacturer of the completed pressure ves-
sel and the originalmarkings as required by the applicable material specification are unavoidably cut out, or the material
is divided into two or more parts, the manufacturer of the shape shall either:

(1) Transfer~the original identification markings to another location on the shape.

(2) Provide for identification by the use of a coded marking traceable to the original required marking, using a
marking method agreed upon and described in the Quality Control System of the Manufacturer of the completed pres-
sure-vessel.

(b)’The mill certification of the mechanical and chemical properties requirements of the material formed into shapes,
in“Conjunction with the above modified marking requirements, shall be considered sufficient to identify these shapes.
Manufacturer’s Partial Data Reports and parts stamping are not required unless there has been fabrication of the shapes
that include welding, except as exempted by 3.2.8.2.

3.2.7.4 Marking of Plates. The material manufacturer’s identification marking required by the material specifica-
tion shall not be stamped on plate material less than 6 mm (%, in.) in thickness unless the following requirements are
met.

(n) The materials shall be limited to P-Nao_1 Crnllp Nos. 1 and 2
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(b) The minimum nominal plate thickness shall be 5 mm (¥, in.) or the minimum nominal pipe wall thickness shall be
4 mm (0.154 in.).
(c) The MDMT shall be no colder than -29°C (-20°F).

3.2.8 PREFABRICATED OR PREFORMED PRESSURE PARTS FURNISHED WITHOUT A CODE STAMP

3.2.8.1 General Requirements.

(a) Prefabricated or preformed pressure parts for pressure vessels that are subject to stresses due to pressure and
that are furnished by others or by the Manufacturer of the completed vessel shall conform to all applicable requirements
of this Division except as permitted in 3.2.8.2, 3.2.8.3, 3.2.8.4, and 3.2.8.5.

(b) When the prefabricated or preformed parts are furnished with a nameplate that contains product identifying
marks and the nameplate interferes with further fabrication or service, and where stamping on the material.is prohib-
ited, the Manufacturer of the completed vessel, with the concurrence of the Authorized Inspector, may reniove the name-
plate. The removal of the nameplate shall be noted in the “Remarks” section of the vessel Manufactdrer’s Data Report.
The nameplate shall be destroyed.

(c) The rules of 3.2.8.2, 3.2.8.3, 3.2.8.4, and 3.2.8.5 below shall not be applied to welded shells\or heads or to quick-
actuating closures (see 4.8).

(d) Parts furnished under the provisions of 3.2.8.2, 3.2.8.3, or 3.2.8.4 need not be manufdctured by a Certificate of
Authorization Holder.

(e) Prefabricated or preformed pressure parts may be supplied as follows:

(1) cast, forged, rolled, or die-formed nonstandard pressure parts

(2) cast, forged, rolled, or die-formed standard pressure parts, either welded or nonwelded, that comply with an
ASME product standard

(3) cast, forged, rolled, or die-formed standard pressure parts, eitherwelded or nonwelded, that comply with a stan-
dard other than an ASME product standard

3.2.8.2 Cast, Forged, Rolled, or Die-Formed Nonstandard Pressure Parts.

(a) Pressure parts such as shells, heads, removable doors, ahd)pipe coils that are wholly formed by casting, forging,
rolling, or die forming may be supplied basically as material§/All such parts shall be made of materials permitted under
this Division, and the Manufacturer of the part shall furnish*identification in accordance with 3.2.6.1.

Such parts shall be marked with the name or trademark of the parts manufacturer and with such other markings as
will serve to identify the particular parts with accompanying material identification.

(b) The Manufacturer of the completed vesse) shall be satisfied that the part is suitable for the design conditions spe-
cified for the completed vessel in accordance-with the rules of this Division.

3.2.8.3 Cast, Forged, Rolled, or Die-Formed Standard Pressure Parts, Either Welded or Nonwelded, That Comply
With an ASME Product Standard.
(a) Pressure parts that comply with~an ASME product standard accepted by reference in 4.1.11. The ASME product
standard establishes the basis forcthe pressure-temperature rating and marking unless modified in 4.1.11.
(b) Flanges and flanged fittings*may be used at the pressure-temperature ratings specified in the appropriate stan-
dard listed in this Division.
(c) Materials for standard: pressure parts shall be as follows:
(1) as permitted by this Division or
(2) as specifically listed in the ASME product standard
(d) When welding is performed it shall meet the following:
(1) the requirements of 6.2.2.1(a) and 6.2.2.2 through 6.2.2.5, or;
(2) the.welding requirements of SA-234
(e) Pressure parts, such as welded standard pipe fittings, welding caps, and flanges that are fabricated by one of the
weldingprocesses recognized by this Division do not require inspection, material certification in accordance with 3.2.6,
or Partial Data Reports, provided the requirements of 3.2.8.3 are met.
(f) Ifpostweld heat treatment is required by the rules of this Division, it may be performed either in the location of the
parts manufacturer or in the location of the Manufacturer of the vessel to be marked with the Certification Mark.
(g) If radiography or other volumetric examination is required by the rules of this Division, it may be performed at one
of the following locations:
(1) the location of the Manufacturer of the completed vessel
(2) the location of the pressure parts manufacturer
(h) Parts made to an ASME product standard shall be marked as required by the ASME product standard.
(i) The Manufacturer of the completed vessels shall have the following responsibilities when using standard pressure

parts. that rnmp]y with an ASME prndnrf standard:
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(1) Ensure that all standard pressure parts comply with applicable rules of this Division.

(2) Ensure that all standard pressure parts are suitable for the design conditions of the completed vessel.

(3) When volumetric examination is required by the rules of this Division, obtain the completed radiographs, prop-
erly identified, with a radiographic inspection report, and any other applicable volumetric examination report.

(j) The Manufacturer shall fulfill these responsibilities by obtaining when necessary, documentation as provided be-
low, provide for retention of this documentation, and have such documentation available for examination by the Inspec-
tor when requested. The documentation shall contain at a minimum:

(1) material used
(2) the pressure-temperature rating of the part
(3) The basis for establishing the pressure-temperature rating

3.2.8.4 Cast, Forged, Rolled, or Die-Formed Standard Pressure Parts, Either Welded or Nonwelded, That,Comply
With a Standard Other Than an ASME Product Standard.

(a) Standard pressure parts that are either welded or nonwelded and comply with a manufacturer’sproprietary stan-
dard or a standard other than an ASME product standard may be supplied by

(1) a Certificate of Authorization holder

(2) a pressure parts manufacturer

(b) Parts of small size falling within this category for which it is impossible to obtain identified material or that may be
stocked and for which material certification in accordance with 3.2.6 cannot be obtained-and are not customarily furn-
ished, may be used for parts as described in 3.2.2.2.

(c) Materials for these parts shall be as permitted by this Division only.

(d) When welding is performed, it shall meet the requirements of 6.2.2.1(a)%and 6.2.2.2 through 6.2.2.5.

(e) Pressure parts, such as welded standard pipe fittings, welding caps,and flanges that are fabricated by one of the
welding processes recognized by this Division do not require inspection, material certification in accordance with 3.2.6,
or Partial Data Reports provided the requirements of 3.2.8.4 are met,

(f) If postweld heat treatment is required by the rules of this Division, it may be performed either in the location of the
parts manufacturer or in the location of the Manufacturer of the‘eompleted vessel.

(g) If radiography or other volumetric examination is required by the rules of this Division, it may be performed at one
of the following locations:

(1) The location of the Manufacturer of the completed vessel

(2) The location of the parts Manufacturer

(3) The location of the pressure parts manufacturer

(h) Marking for these parts shall be as follows:

(1) with the name or trademark of the‘Certificate Holder or the pressure part manufacturer and any other markings
as required by the proprietary standardcor other standard used for the pressure part.

(2) with a permanent or temparary marking that will serve to identify the part with the Certificate Holder or the
pressure parts manufacturer’s-written documentation of the particular items, and that defines the pressure-
temperature rating of the part:

(i) The Manufacturer of the completed vessels shall have the following responsibilities when using standard pressure
parts:

(1) Ensure that all’standard pressure parts comply with applicable rules of this Division

(2) Ensure that-all standard pressure parts are suitable for the design conditions of the completed vessel.

(3) When welumetric examination is required by the rules of this Division, obtain the completed radiographs, prop-
erly identified,»with a radiographic inspection report, and any other applicable volumetric examination report.

(j) The Manufacturer of the completed vessel shall fulfill the responsibilities of (i) by one of the following methods:

(1) Obtain when necessary, documentation as provided below, provide for retention of this documentation, and
have_such documentation available for examination by the Inspector when requested or

(2) Perform an analysis of the pressure part in accordance with the rules of this Division. This analysis shall be in-
cluded in the documentation and shall be made available for examination by the Inspector when requested.

(k) The documentation shall contain at a minimum the following:

(1) material used

(2) the pressure-temperature rating of the part

(3) the basis for establishing the pressure-temperature rating

(A) a written certification hy the pressure parts manufacturer that all mm]ding r‘nmplipc with Code requirements
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3.2.8.5 The Code recognizes that a Certificate of Authorization Holder may fabricate parts in accordance with
3.2.8.4, and that are marked in accordance with 3.2.8.4(h). In lieu of the requirement in 3.2.8.4(d), the Certificate of
Authorization Holder may subcontract to an individual or organization not holding an ASME Certificate of Authorization
standard pressure parts that are fabricated to a standard other than an ASME product standard, provided all the follow-
ing conditions are met:

(a) The activities to be performed by the subcontractor are included within the Certificate Holder’s Quality Control
System.

(b) The Certificate Holder’s Quality Control System provides for the following activities associated with subcontract-
ing of welding operations, and these provisions shall be acceptable to the Manufacturer’s Authorized Inspection Agency.

(1) The welding processes permitted by this Division that are permitted to be subcontracted.
(2) Welding operations

(3) Authorized Inspection activities

(4) Placement of the Certificate of Authorization Holders marking in accordance with (d).

(c) The Certificate Holder’s Quality Control System provides for the requirements of 7.2.2 to be niet at the subcontrac-
tor’s facility.

(d) The Certificate Holder shall be responsible for reviewing and accepting the Quality*Control Programs of the
subcontractor.

(e) The Certificate Holder shall ensure that the subcontractor uses written procedutes/and welding operations that
have been qualified as required by this Division.

(f) The Certificate Holder shall ensure that the subcontractor uses personnel that-have been qualified as required by
this Division.

(g) The Certificate Holder and the subcontractor shall describe in their Quality Control Systems the operational con-
trol of procedure and personnel qualifications of the subcontracted welding operations.

(h) The Certificate Holder shall be responsible for controlling the quality and ensuring that all materials and parts that
are welded by subcontractors and submitted to the Inspector for aeceptance, conform to all applicable requirements of
this Division.

(i) The Certificate Holder shall describe in their Quality/Control Systems the operational control for maintaining
traceability of materials received from the subcontractor.

(j) The Certificate Holder shall receive approval for Subcontracting from the Authorized Inspection Agency prior to
commencing of activities.

3.2.9 DEFINITION OF PRODUCT FORM THICKNESS

3.2.9.1 The requirements in this Division/make reference to thickness. When the material specification does not
specify thickness, the following definitions of nominal thickness apply.

(a) Plate - the thickness is the dimension of the short transverse dimension.

(b) Forgings - the thickness is thezdimension defined as follows:

(1) Hollow Forgings - the nominal thickness is measured between the inside and the outside surfaces (radial
thickness).

(2) Disk Forgings- thesnominal thickness is the axial length (axial length < outside the diameter).

(3) Flat Ring Forgings - for axial length less than or equal to 50 mm (2 in.), the axial length is the nominal thickness;
for axial length greaterithan 50 mm (2 in.), the radial thickness is the nominal thickness (axial length less than the radial
thickness).

(4) Rectangular Solid Forgings - the least rectangular dimension is the nominal thickness.

(5) Round, Hexagonal and Octagonal Solid Forgings - the nominal thickness is the diameter or distance across the
flats (axiallength > diameter or distance across the flats).

(c) Castings - for castings of the general shapes described for forgings, the same definitions apply. For other castings,
the makimum thickness between two cast coincidental surfaces is the nominal thickness.

3:2.9.2 The definition of nominal thickness for postweld heat treat requirements is covered in 6.4.2.7.

3.2.10 PRODUCT FORM TOLERANCES

3.2.10.1 Plate. Plate material shall be ordered not thinner than the design thickness. Vessels made of plate furn-
ished with an undertolerance of not more than the smaller value of 0.3 mm (0.01 in.) or 6% of the ordered thickness
may be used at the full design pressure for the thickness ordered if the material specification permits such an under-
tolerance. If the specification to which the plate is ordered allows a greater undertolerance, the ordered thickness of
the material shall be sufficiently greater than the design thickness so that the thickness of the material furnished is

not more than the smaller of 0.3 mm (n Q1 in) or 6% under the anign thickness
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3.2.10.2 Pipe and Tube. If pipe or tube is ordered by its nominal wall thickness, the manufacturing undertolerance
on wall thickness shall be taken into account. After the minimum required wall thickness is determined, it shall be in-
creased by an amount sufficient to provide the manufacturing undertolerance allowed in the pipe or tube specification.

3.2.11 PURCHASE REQUIREMENTS
3.2.11.1 A summary of the pertinent requirements in 3.2 through 3.8 is provided in Annex 3-B.

3.2.11.2 Special chemical compositions, heat treatment procedures, fabrication requirements, and supplementary
tests may be required to assure that the vessel will be in the most favorable condition for the intended service.

3.2.12 MATERIAL IDENTIFIED WITH OR PRODUCED TO A SPECIFICATION NOT PERMITTED BY THIS
DIVISION

3.2.12.1 Identified Material With Complete Certification From the Material Manufacturer. Material identified with
a specification not permitted by this Division and identified to a single production lot as required by a-permitted spec-
ification may be accepted as satisfying the requirements of a specification permitted by this Division, provided the fol-
lowing conditions are satisfied:

(a) Documentation is provided to the Certificate Holder demonstrating that all applicable requirements (including,
but not limited to, melting method, melting practice, deoxidation, chemical analysis, mechahical properties, quality,
and heat treatment) of the specification permitted by this Division to which the materialis‘to be recertified, including
the requirements of this Division (see 3.2.6), have been met.

(b) The material has marking, acceptable to the Inspector, for identification to the\documentation.

(c) When the conformance of the material with the permitted specification has been established, the material shall be
marked as required by the permitted specification.

3.2.12.2 Identified Material Recertification. Only the vessel or Part Manufacturer is permitted to recertify material
per 3.2.12.1.

3.3 SUPPLEMENTAL REQUIREMENTS FOR FERRQUS MATERIALS

3.3.1 GENERAL

All forms of ferrous products listed in Table 3-A.1 and Table 3-A.3 shall meet the supplemental requirements of 3.3.
The high strength quenched and tempered steels listed\in Table 3-A.2, shall meet the supplemental requirements of 3.4.

3.3.2 CHEMISTRY REQUIREMENTS

Carbon and low alloy steel having carbon.content of more than 0.35% by heat analysis shall not be used in welded
construction or be shaped by oxygen cutting (except as provided elsewhere in this Division).

3.3.3 ULTRASONIC EXAMINATION OF PLATES

3.3.3.1 Except as permitted dn 3.3.3.2, all plate 50 mm (2 in.) and over in nominal thickness shall be ultrasonically
examined in accordance with-the requirements of SA-578. The acceptance standard shall be Level B of SA-578.

3.3.3.2 When the desigin rules permit credit for thickness of cladding on plate conforming to SA-263, SA-264, and
SA-265, ultrasonic examination shall be made of the base plate and the bond between the cladding and the base plate in
accordance with thé requirements of SA-578. The acceptance standard shall be at least Level B of SA-578. Alternatively,
the acceptance standard of Level C may be used to satisfy this requirement.

3.3.4 ULTRASONIC EXAMINATION OF FORGINGS

3.3.4.1“ All forgings 50 mm (2 in.) and over in nominal thickness shall be examined ultrasonically as follows:

(a@)Rings, flanges, and other hollow forgings shall be examined using the angle beam technique. For other forgings, the
straight beam technique shall be used.

(b) Reference specimens shall have the same nominal thickness, composition, and P-number grouping as the forgings
to be examined in order to have substantially the same structure.

(c) Tables 3.1, 3-A.1, and 3-A.2 steels shall be examined in accordance with Section V, SA-388.

(d) Table 3-A.3 steels shall be examined in accordance with Section V, SA-388 or Section V, SA-745, as applicable.

3.3.4.2 Forgings are unacceptable if:
(a) The straight beam examination results show one or more discontinuities which produce indications accompanied

hy a r‘nmp]m'n loss of back reflection not assaciated with or attributable to the gnnmm—ri{‘ rnnﬁgnrnfinn
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(b) Angle beam examination results show one or more discontinuities which produce indications exceeding in ampli-
tude the indication from the calibration notch.

3.3.4.3 In the case of straight beam examination, the following conditions shall be reported to the purchaser for his
consideration and approval prior to shipment of the forging:

(a) Forgings containing one or more indications with amplitudes exceeding adjacent back reflections.

(b) Forgings containing one or more discontinuities which produce traveling indications accompanied by reduced
back reflections. A traveling indication is defined as an indication that displays sweep movement of the oscilloscope
screen at constant amplitudes as the transducer is moved.

3.3.4.4 In the case of angle beam examination, the following conditions shall be reported to the purchaser for his
consideration and approval prior to shipment of the forging:

(a) Indications having an amplitude exceeding 50% of the calibration block amplitude.

(b) Clusters of indications located in a small area of the forging with amplitudes less than 50% of the calibration notch
amplitude. A cluster of indications is defined as three or more indications exceeding 10% of the“standard calibration
notch amplitude and located in any volume approximately a 50 mm (2 in.) or smaller cube.

3.3.4.5 Additional nondestructive examination procedures or trepanning may be employed to resolve questions of
interpretation of ultrasonic indications.

3.3.5 MAGNETIC PARTICLE AND LIQUID PENETRANT EXAMINATION OF.FORGINGS

3.3.5.1 Following final machining by the manufacturer, all accessible surfagees of forgings having a nominal thickness
greater than 100 mm (4 in.), such as contour and variable-thickness nozzles;.integrally hubbed tubesheets, standard or
custom flanges, and other forgings that are contour shaped or machined to\essentially the finished product configuration
prior to heat treatment, shall be examined by the magnetic particle method in accordance with ASTM A275/A275M or
by the liquid penetrant method in accordance with ASTM E165. The ‘evaluation of indications detected by the magnetic
particle method or by the liquid penetrant method and the acceptance standards shall be in accordance with Part 7 of
this Division.

3.3.5.2 Unacceptable imperfections shall be removed\and the areas shall be reexamined to ensure complete re-
moval of the unacceptable imperfection. Unless prohibited by the material specification, the forgings may be repair
welded with the approval of the vessel Manufacturer. Repairs shall be made utilizing welding procedures that have been
qualified in accordance with Section IX. The repaifed forging shall meet all requirements of this Division.

3.3.6 INTEGRAL AND WELD METAL-OVERLAY CLAD BASE METAL

3.3.6.1 Applied Linings. Material used for applied corrosion resistant lining may be any metallic material of weld-
able quality, provided all applicable requirements of this Division are satisfied.

3.3.6.2 Design Calculations'Based on Total Thickness.

(a) Base material with corrosion resistant integral or weld metal overlay cladding used in construction in which the
design calculations are basedon total thickness including cladding (see 4.1.9) shall consist of base plate listed in one of
the material tables in Part3 and shall conform to one of the following specifications or utilize weld metal overlay clad-
ding meeting the requirements of this Division.

(1) SA-263, Specification for Corrosion-Resisting Chromium-Steel Clad Plate, Sheet and Strip;
(2) SA-264; Specification for Corrosion-Resisting Chromium-Nickel Steel Clad Plate, Sheet and Strip; or
(3) SA-265, Specification for Nickel and Nickel-Base Alloy Clad Steel Plate.

(b) Base.material with corrosion resistant integral cladding in which any part of the cladding is included in the design
calculations, as permitted in (a), that is constructed of multiple cladding plates welded together prior being bonded to
the base material shall have the cladding-alloy-to-cladding-alloy welding that is performed prior to bonding to the base
material:

(1) performed by a Manufacturer holding a Certificate of Authorization.

(2) radiographically examined for their full length in the manner prescribed in 7.5.3. In place of radiographic exam-
ination, welds may be ultrasonically examined for their full length (see 7.5.5).

(3) be supplied with a Partial Data Report if that welding is not performed by the vessel Manufacturer.

3.3.6.3 Design Calculations Based on Base-Plate Thickness. Clad plate used in constructions in which the design
calculations are based on the base-plate thickness, exclusive of the thickness of the cladding material, may consist of any
base-plate material satisfying the requirements of Part 3 and any metallic integral or weld metal overlay cladding ma-

terial of weldable nln::]ify that meets the requirements of 65 of this Division
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3.3.6.4 Shear Strength of Bond of Integrally Clad Plates. Integrally clad plates in which any part of the cladding is
included in the design calculations, as permitted in 4.1.9, shall show a minimum shear strength of 140 MPa (20 ksi) when
tested in the manner described in the plate specification. One shear test shall be made on each such clad plate and the
results shall be reported on the test report. A shear or bond strength test is not required for weld metal overlay cladding.

3.3.6.5 Removal of Cladding for Mill Tension Tests. When any part of the cladding thickness is specified an allow-
ance for corrosion, such added thickness shall be removed before mill tension tests.

3.3.6.6 Low-Temperature Operations.

(a) When an applied corrosion-resistant lining is used (see 4.1.10), the impact test exemption temperature of the com-
ponent shall consider the base material only.

(b) When a corrosion-resistant integral cladding is used in accordance with 3.3.6.2 or 3.3.6.3, the impact test €xe¢mp-
tion temperature of the component shall be the warmer of the two values determined for the base material ang-the in-
tegral cladding material. The impact test exemption temperature for the integral cladding material shall be détermined
in accordance with 3.11.4.3 or 3.11.5, as applicable.

3.3.7 CLAD TUBESHEETS

3.3.7.1 Tube-to-tubesheet welds in the cladding of either integral or weld metal overlay clad tibesheets may be con-
sidered strength welds (full or partial), provided the welds meet the design requirements ef'4.2.1. In addition, when the
strength welds are to be made in the clad material of integral clad tubesheets, the integral clad material to be used for
tubesheets shall meet the requirements in (a) and (b) for any combination of clad and'base materials. The shear strength
test and ultrasonic examination specified in (a) and (b) are not required for weld metal overlay clad tubesheets.

(a) Integral clad material shall be shear strength tested in accordance with, SA*263. One shear test shall be made on
each integral clad plate or forging, and the results shall be reported on the ‘material test report.

(b) Integral clad material shall be ultrasonically examined for bond integrity in accordance with SA-578, including
Supplementary Requirement S1, and shall meet the acceptance criteria given in SA-263 for Quality Level Class 1.

3.3.7.2 When the design calculations for clad tubesheets are based on the total thickness including the cladding, the
clad material shall meet any additional requirements specifiedyin,3.3.6.

3.3.7.3 When tubesheets are constructed using linings erjintegral cladding that does not meet the requirements of
3.3.7.1(a) and 3.3.7.1(b), the strength of the tube-to-tubesheet joint shall not be dependent upon the connection between
the tubes and the lining or integral cladding, as applicable.

3.3.7.4 When the tubes are strength welded(full or partial) to integral or weld metal overlay clad tubesheets, S,
shall be the allowable stress value of the integtal ¢ladding or the wrought material whose chemistry most closely ap-
proximates that of the weld metal overlay cladding. The thickness of the integral or weld metal clad overlay material
shall be sufficient to prevent any of the stkéngth weld from extending into the base material.

3.4 SUPPLEMENTAL REQUIREMENTS FOR Cr-Mo STEELS
3.4.1 GENERAL

3.4.1.1 The rules in 3.4‘include supplemental requirements for fabrication and testing for Cr-Mo steels. The materi-
als and appropriate spégifications covered by this paragraph are listed in Table 3.1.

3.4.1.2 Certification that the requirements of 3.4 have been satisfied shall be shown on the Manufacturer’s Data Re-
port Form.

3.4.2 POSTWELD HEAT TREATMENT

The\final postweld heat treatment shall be in accordance with the requirements of 6.4.2 of this Division.

3.4.3 TEST SPECIMEN HEAT TREATMENT

3.4.3.1 Two sets of tension specimens and one set of Charpy impact specimens shall be tested. One set each of the
tension specimens shall be exposed to heat treatment Condition A. The second set of tension specimens and the set of
Charpy specimens shall be exposed to heat treatment Condition B.

(a) Condition A - Temperature shall be no lower than the actual maximum vessel-portion temperature, less 14°C
(25°F). Time at temperature shall be no less than 80% of the actual holding time of the vessel portion exposed to

the maximum \mccpl-pnrﬁn‘n fpmpnrnhlrn
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(b) Condition B - Temperature shall be no higher than the actual minimum vessel-portion temperature, plus 14°C
(25°F). Time at temperature shall be no more than 120% of the actual hold time of the vessel portion exposed to the
minimum vessel-portion temperature.

3.4.3.2 The suggested procedure for establishing the test specimen heat treatment parameters are shown below.

(a) Establish maximum and minimum temperatures and hold times for the vessel/component heat treatment based
on experience/equipment;

(b) Determine Conditions A and B for the test specimen heat treatments;

(c) Vessel heat treatment temperature and hold time limitations, and test specimen Conditions A and B, are shown)in
Figure 3.1.

3.4.4 WELDING PROCEDURE QUALIFICATIONS AND WELDING CONSUMABLES TESTING

3.4.4.1 Welding procedure qualifications using welding consumables of the same classification ortrade designation
as those to be used in production shall be made for material welded to itself or to other materials. The qualifications shall
conform to the requirements of Section IX, and the maximum tensile strength at room temperature shall be 760 MPa
(110 ksi) (for heat treatment Conditions A and B).

3.4.4.2 Weld metal from each heat or lot of electrodes and filler-wire-flux combination Shall be tested, unless spe-
cific heat- or lot-traceable test reports meeting the additional requirements of 3.4 relatedto welding consumables test-
ing have been provided by the welding consumables manufacturer. The minimum andmaximum tensile properties shall
be met in postweld heat treated (PWHT) Conditions A and B. The minimum Charpy V-notch impact properties shall be
met in PWHT Condition B. Testing shall be in general conformance with SFA-5(5)for covered electrodes and SFA-5.23 for
filler wire-flux combinations.

3.4.4.3 Duplicate testing in PWHT Condition A and PWHT Conditjon B (see 3.4.3) is required. The minimum tensile
strength and Charpy impact properties for the base metal shall be met~/Charpy impact testing is only required for Con-
dition B.

3.4.4.4 For 2%,Cr-1Mo-",V material, the weld metal shall meet the compositional requirements listed in Table 3.2.
For all other materials, the minimum carbon content of the.weld metal shall be 0.05%.

3.4.45 In addition for 2%,Cr-1Mo and 2Y,Cr-1M0<¥,V material, Category A welds intended for design tempera-
tures above 440°C (825°F), each heat of filler wiretand flux combination used in production shall also be qualified by
a weld metal stress-rupture test performed in accordance with ASTM E139 or other equivalent national or international
test standard on specimens machined parallel-(all weld metal specimens) and transverse to the weld axis (one specimen
each), applying the following testing parameters and acceptance criteria:

(a) The specimen diameter within the'gage length shall be 13 mm (%, in.) or greater. The specimen centerline shall be
located at the 0.25-t thickness location(or closer to the center) for material 19 mm (%, in.) and greater in thickness.

(b) The gage length for the trans¥érse specimen shall include the weld and at least 19 mm (%, in.) of base metal ad-
jacent to the fusion line.

(c) The test material shall be*postweld heat treated to Condition A.

(d) For 2Y,Cr-1Mo mateiial, the condition of the stress-rupture test shall be 210 MPa (30 ksi) at 510°C (950°F). The
time of failure shall execeed 650 hr.

(e) For 2%/,Cr-1Mo-",V material, the condition of the stress-rupture test shall be 210 MPa (30 ksi) at 540°C (1000°F).
The time of failuré.shall exceed 900 hr.

3.45 TOUGHNESS REQUIREMENTS

The minimum toughness requirements for base metal, weld metal, and heat-affected zone, after exposure to the sim-
ulatéd postweld heat treatment Condition B, are shown in Table 3.3. If the material specification or other parts of this
Division have more demanding toughness requirements, they shall be met.

3.5 SUPPLEMENTAL REQUIREMENTS FOR Q&T STEELS WITH ENHANCED TENSILE
PROPERTIES

3.5.1 GENERAL

3.5.1.1 The supplemental requirements in 3.5 apply to ferritic steels with tensile properties enhanced by quenching
and tempering and shall be used in conjunction with the other requirements of this Division. The material specifications

for these steels are shaown in Table 3-A2
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3.5.1.2 The requirements of this paragraph are not intended to apply to steels listed in Table 3-A.1 that are furn-
ished in such thicknesses that heat treatment, involving the use of accelerated cooling, including liquid quenching, is
used to obtain structures comparable to those attained by normalizing thinner sections.

3.5.2 PARTS FOR WHICH Q&T STEELS MAY BE USED

High strength quenched and tempered steels shown in Table 3-A.2, may be used for the entire vessel or for individual
components of vessels that are joined to other grades of quenched and tempered steels, or to other steels conforming to
specifications listed in Tables 3-A.1, 3-A.3, and 3-A.6, subject to the requirements and limitations of this Division.

3.5.3 STRUCTURAL ATTACHMENTS

3.5.3.1 Except as permitted in 3.5.3.2 below, all permanent structural attachments other than minor attachments
specified in 3.5.3.3 and stiffening rings that are welded directly to pressure parts shall be made of materjalWhose spe-
cified minimum yield strength is within +20% of that of the material to which they are attached.

3.5.3.2 All permanent structural attachments welded directly to a shell or head constructed of:a-material conform-
ing to SA-333, Grade 8, SA-334, Grade 8, SA-353, SA-522, SA-553, and SA-645 Grade A shall beymiade from a material
covered by these same specifications, or nickel alloys UNS N06625 or N10276, or from wrought non-hardenable auste-
nitic stainless steels. If an austenitic stainless steel is used, consideration should be given to the’additional weld stresses
resulting from the difference in thermal expansion between the attachment and the shéllk

3.5.3.3 If the following conditions are met, the material of minor attachments given in 4.2.5.6(c) may be used. The
definition of minor attachments is given in 4.2.5.1(h).

(a) The specified minimum tensile strength of quenched and tempered steel‘for*pressure parts shall be less than 690
MPa (100 ksi).

(b) The specified minimum yield strength of minor attachments shall bg within +20% and -60% of that of the material
to which they are attached.

(c) If the minor attachment is welded in the area less than 2.5\/R—mt from any gross structural discontinuity, where R,
is the mean radius of the shell, and t is the thickness of the shell;\th€é stress evaluation in accordance with Part 5 shall be
performed.

(d) If the continuous fillet weld is used, the leg dimension of fillet weld shall not be less than 0.25¢t, where t is the
thickness of the minor attachment.

(e) The effect of differential thermal expansion shall be considered when the thermal expansion coefficient of the min-
or attachment differs from that of the pressure-part to which it is attached.

(f) Welding materials with room-temperature tensile strength equivalent to that of quenched and tempered steels
shall be used.

(g) The welds shall be postweld heat treated when required by Part 6.

3.6 SUPPLEMENTAL REQUIREMENTS FOR NONFERROUS MATERIALS
3.6.1 GENERAL

Nonferrous materials'é¢evered by 3.6 shall conform to one of the specifications listed in Tables 3-A.4, 3-A.5, 3-A.6, and
3-A.7, and shall be used’in conjunction with the other requirements of this Division.

3.6.2 ULTRASONIC EXAMINATION OF PLATES

All plates.50 mm (2 in.) and over in nominal thickness shall be ultrasonically examined in accordance with the appli-
cable requirements of the ASTM standards and ASME specifications listed below:

(a)-SE*114, Ultrasonic Testing by Reflection Method Using Pulsed Longitudinal Waves Induced by Direct Contact;

(b)E214, Immersed Ultrasonic Testing by the Reflection Method Using Pulsed Longitudinal Waves;

(c) E127, Fabricating and Checking Aluminum Alloy Ultrasonic Standard Reference Blocks;

(d) SB-548, Ultrasonic Testing of Aluminum Plate.

3.6.3 ULTRASONIC EXAMINATION OF FORGINGS

3.6.3.1 Insofar as practicable, all solid rectangular forgings shall be examined by the straight beam technique from
two directions at approximately right angles. Hollow forgings including flanges and rings 50 mm (2 in.) and over in nom-
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Reference specimens and acceptance criteria shall be examined from one face or surface normal to the axis in the cir-
cumferential direction unless the wall thickness or geometric configuration makes angle beam examination impractic-
able. Disk forgings shall be examined from one flat side and from the circumferential surface.

3.6.3.2 The entire volume of metal shall be ultrasonically examined at some state of manufacture. For heat-treated
material, examination after final heat treatment is preferred, but if the contour of the forging precludes complete exam-
ination at this stage, the maximum possible volume of the forging shall be reexamined after the final heat treatment.

3.6.3.3 The method used in the examination of forgings shall conform to the following requirements.

(a) In straight beam examination, the transducers shall be 19 mm to 29 mm (¥, in. to 1% in.) in diameter or 25\mm
(1 in.) square. The nominal frequency shall be appropriate for the material being examined. The instrument shalllbe set
so that the first back reflection is 75% * 5% of the screen height when the transducer is placed on the indjeation-free
area of the forging.

(b) In angle beam examination by the contact method, a 25 mm x 25 mm (1 in. x 1 in.) or 25 mm(* 38 mm (1 in.
x 1Y, in.), 45 deg. transducer shall be used at an appropriate frequency.

(c) In angle beam examination by the immersion method, a 19 mm (¥, in.) diameter transducer\oriénted at an approx-
imate angle of inclination shall be used at an appropriate frequency.

(d) Angle beam examination shall be calibrated with a notch of a depth equal to the smallér'of 10 mm (%; in.) or 3% of
the nominal section thickness, a length of approximately 25 mm (1 in.) and width not greater than two times the depth.

3.6.3.4 The material shall be unacceptable (unless repaired in accordance withthe.rules of this Division) if straight
beam examination shows one or more discontinuities which produce indicationSyaccompanied by a complete loss of
back reflection not associated with or attributable to the geometric configuration;-er if angle beam examination results
show one or more discontinuities which produce indications exceeding that of'the calibration notch.

3.6.4 LIQUID PENETRANT EXAMINATION OF FORGINGS

3.6.4.1 Following final machining by the manufacturer all accessible surfaces of thick and complex forgings, such as
contour nozzles, thick tubesheets, flanges, and other complex forgings that are contour shaped or machined to essen-
tially the finished product configuration prior to heat treatment; shall be examined by the liquid penetrant method in
accordance with Practice E165.

3.6.4.2 The evaluation of indications detected by the€liquid penetrant method and the acceptance standards shall be
in accordance with Part 7 of this Division.

3.6.4.3 Unacceptable imperfections shall be removed and the areas shall be reexamined to ensure complete re-
moval of the unacceptable imperfection. Unless prohibited by the material specification, the forgings may be repair
welded with the approval of the vessel Manufacturer. Repairs shall be made utilizing welding procedures that have been
qualified in accordance with Section [X«The repaired forging shall meet all requirements of this Division.

3.6.5 CLAD PLATE AND PRODUCTS

Clad plate or products used.in construction for which the design calculations are based on total thickness, including
cladding, shall consist of baseg,plate listed in one of the material tables in this Division and shall conform to one of the
following specifications:

(a) SB-209, Specification for Aluminum Alloy Sheet and Plate.

(b) SB-211, Specifieation for Aluminum Alloy Extruded Bars, Rods, Shapes, and Tubes.

3.6.6 CLAD.TUBESHEETS

Clad tubesheets that will contain strength welded tube-to-tubesheet joints in the cladding shall meet the requirements
of 3.3.7 and any applicable requirements specified in 3.6.5.

3,7 SUPPLEMENTAL REQUIREMENTS FOR BOLTING
3.7.1 GENERAL

The supplemental requirements in 3.7 are required for all bolts, studs, and nuts supplied with vessels constructed to
this Division.

3.7.2 EXAMINATION OF BOLTS, STUDS, AND NUTS

Bolts, studs, and nuts covered by the material specifications listed in Annex 3-A shall be subjected to the following

examinations:
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(a) All areas of threads, shanks, and heads of final machined parts shall be visually examined. Discontinuities, such as
laps, seams, cracks are unacceptable.

(b) All bolts, studs, and nuts over 25 mm (1 in.) nominal bolt size shall be examined by the magnetic particle method
or by the liquid penetrant method in accordance with Part 7 of this Division. This examination shall be performed on the
finished component after threading or on the material stock at approximately the finished diameter before threading
and after heading (if involved). Linear non-axial indications are unacceptable. Linear indications greater than 25 mm
(1 in.) in length are unacceptable.

(c) All bolts, studs, and nuts greater than 50 mm (2 in.) nominal bolt size shall be ultrasonically examined over the
entire surface prior to threading in accordance with the following requirements:

(1) Examination shall be carried out by the straight beam, radial scan method.

(2) Examination shall be performed at a nominal frequency of 2.25 MHz with the search unit not to exceed 645hm?
(1 in.%) in area.

(3) Calibration sensitivity shall be established by adjustment of the instrument so that the first back(sefeen reflec-
tion is 75% to 90% of full screen height.

(4) Any discontinuity which causes an indication in excess of 20% of the height of the first baek\reflection or any
discontinuity which prevents the production of the first back reflection of 50% of the calibration amplitude is not
acceptable.

(d) All bolts, studs, and nuts greater than 100 mm (4 in.) nominal bolt size shall be ultrasonically examined over an
entire end surface before or after threading in accordance with the following requirements:

(1) Examination shall be carried out by the straight beam, longitudinal scan method.

(2) Examination shall be performed at a nominal frequency of 2.25 MHz with tle séarch unit not to exceed 320 mm?
(0.5 in.?) in area.

(3) Calibration shall be established on a test bar of the same nominal cemposition and diameter as the production
part and a minimum of one half of the length. A 10 mm () in.) diameter, £ 76 mm (3 in.) deep flat bottom hole shall be
drilled in one end of the bar and plugged to full depth. A distance amplitude correction curve shall be established by
scanning from both ends of the test bar.

(4) Any discontinuity which causes an indication in excess of that produced by the calibration hole in the reference
specimen as corrected by the distance amplitude correction cutve is not acceptable.

3.7.3 THREADING AND MACHINING OF STUDS

3.7.3.1 Studs shall be threaded the full length, or shall be machined down to the root diameter of the thread in the
unthreaded portion, provided that the threaded portions are at least 1.5 diameters in length.

3.7.3.2 Studs greater than 8 diameters inJength may have an unthreaded portion which has the nominal diameter of
the thread, provided the following requiremeénts are met:

(a) The threaded portion shall be at least 1.5 diameters in length.

(b) The stud shall be machined dowfi*to the root diameter of the thread for a minimum distance of 0.5 diameters ad-
jacent to the threaded portion.

(c) Suitable transition shall beZprovided between the root diameter and the unthreaded portion.

(d) Particular consideration-shall be given to any dynamic loadings.

3.7.4 USE OF WASHERS

When washers afe ©1sed in conjunction with torquing methods (e.g., the use of manual or hydraulic torque wrenches)
for the purpose of bolt tightening, they shall be designed to provide a smooth and low-friction contact surface for the
nuts, which are\important considerations when torquing methods are used for bolt tightening.

NOTE: FlatwasHers typically should be 6 mm (¥, in.) thick and made of through-hardened, wrought low alloy steel. See ASME PCC-1 for more
information:

3:7.5° FERROUS BOLTING

3.7.5.1 Material for Ferrous Bolting.

(a) Approved specifications for ferrous bolting are given in Annex 3-A, Tables 3-A.8, 3-A.9, 3-A.10, and 3-A.11.

(b) High alloy steel studs, bolts, and nuts may be used with carbon and low alloy steel components, provided they are
suitable for the application (see Section II, Part D, Nonmandatory Appendix A, A-300).

(c) Nonferrous nuts and washers may be used with ferrous bolts and studs, provided they are suitable for the appli-

cation. Consideration shall be given to the differences in thermal expansion and possible corrosion resulting from com-
bination of dissimilar materials
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3.7.5.2 Material for Ferrous Nuts and Washers.
(a) Material for nuts and washers shall conform to SA-194, SA-563, or to the requirements for nuts in the specification
for the bolting material with which they are to be used.
(b) Materials for ferrous nuts and washers shall be selected as follows:
(1) Carbon or low alloy steel nuts and carbon or low alloy steel washers of approximately the same hardness as the
nuts may be used for metal temperatures not exceeding 480°C (900°F).
(2) Alloy steel nuts shall be used for metal temperatures exceeding 480°C (900°F). Washers, if used, shall be of alloy
steel equivalent to the nut material.

3.7.5.3 Requirements for Ferrous Nuts.

(a) Nuts shall be semifinished, chamfered, and trimmed. Nuts shall be threaded to Class 2B or finer tolerancés‘accord-
ing to ASME B1.1.

(b) For use with flanges conforming to ASME/ANSI B16.5, nuts shall conform to at least to the dimensions given in
ASME/ANSI B18.2.2 for Heavy Series Nuts.

(c) For use with connections designed in accordance with rules in 4.16, nuts may be of the American National Stan-
dard Heavy Series or they may be of other dimensions provided their strength is equal to that'of the bolting, giving due
consideration to the bolt hole clearance, bearing area, thread form and class of it, thread shear, and radial thrust from
threads.

(d) Nuts shall engage the threads for the full depth of the nut or, in the case of cap‘huts, to a depth equivalent to the
depth of a standard nut.

(e) Nuts of special design may be used, provided their strength is equal to that'of the bolting.

3.7.6 NONFERROUS BOLTING

3.7.6.1 Material for Nonferrous Bolting. Approved specifications for Nonferrous bolting are given in Annex 3-A,
Tables 3-A.9, 3-A.10, and 3-A.11.

3.7.6.2 Condition of Material Selected and Allowable Stress Value.

(a) When nonferrous bolts are machined from heat-treated, hot-rolled, or cold-worked material and are not subse-
quently hot worked or annealed, the allowable design stress values in Section II, Part D, Subpart 1, Table 3 to be used
in design shall be based on the condition of material selected.

(b) When nonferrous bolts are fabricated by hot heading, the allowable design stress values for annealed materials in
Section II, Part D, Subpart 1, Table 3 shall apply unless the manufacturer can furnish adequate control data to show that
the tensile properties of hot-rolled or heat-treated bars or hot-finished or heat-treated forgings are being met, in which
case the allowable stress values for the mdterial in the hot finished condition may be used.

(c) When nonferrous bolts are fabricated by cold heading, the allowable design stress values for annealed materials in
Section II, Part D, Subpart 1, Table 3 shall'apply unless the manufacturer can furnish adequate control data to show that
higher design stresses, as agreed upon may be used. In no case shall such stresses exceed the allowable stress values
given in Section II, Part D, Subparct 1, Table 3 for cold-worked bar stock.

3.7.6.3 Materials for Nonferrous Nuts and Washers.
(a) Materials for ferrousinuts used with nonferrous bolting shall conform to 3.7.5.3.
(b) Nonferrous nutscand washers may be made of any suitable material listed in Tables 3-A.5, 3-A.6, and 3-A.7.

3.7.6.4 Requirements for Nonferrous Nuts. Nonferrous nuts shall meet the requirements in 3.7.5.3.

3.7.7 MATERIALS FOR FERROUS AND NONFERROUS NUTS OF SPECIAL DESIGN

Nuts,ef'special design, such as wing nuts, may be made of any suitable wrought material permitted by this Division,
and shall'be either: hot or cold forged; or machined from hot-forged, hot-rolled, or cold-drawn bars.

3.8 SUPPLEMENTAL REQUIREMENTS FOR CASTINGS
3.8.1 GENERAL

3.8.1.1 Each casting shall be marked with the name, trademark, or other traceable identification of the manufacturer
and the casting identification, including material designation. The casting manufacturer shall furnish certification that
each casting conforms to all the applicable requirements in the casting specification and the requirements of this Divi-
sion. The certification of castings shall also indicate the nature, location, and extent of any repairs.

3812 All r‘ncfingc to be welded shall he of weldable gr:\dn
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3.8.2 REQUIREMENTS FOR FERROUS CASTINGS

3.8.2.1 Centrifugal Steel Castings. In addition to the minimum requirements of the material specification, all sur-
faces of centrifugal castings shall be machined after heat treatment to a finish not coarser than 6.35 pmm (250 pin.)
arithmetic average deviation.

3.8.2.2 Nondestructive Examination of Ferrous Castings.

(a) General - Castings shall be examined by radiographic, ultrasonic, magnetic particle and liquid penetrant methods
examination as provided herein and shall meet the requirements of (a) through (d), inclusive. Radiographic examination,
and when required ultrasonic examination, of castings shall be made after at least one austenitizing heat treatment, ex-
cept austenitic castings not requiring heat treatment may have radiographic and ultrasonic examination performed‘at
any stage of manufacture. Magnetic particle or liquid penetrant examinations shall be made after final heat treatment
and after final machining of machined areas.

(b) Radiographic Examination - All parts of ferrous castings regardless of thickness shall be fully radiographed in ac-
cordance with the procedures of Section V, Article 2. The radiographs shall be compared to the appropriate Radiographic
Standard listed below, and the maximum acceptable severity levels for imperfection shall be as follgws:

(1) For castings having radiographed thickness of less than 50 mm (2 in.), ASTM E446, Standard Reference Radio-
graphs for Steel Castings up to 2 in. (50 mm) in Thickness, and with maximum severity levels‘as)shown in Table 3.9.

(2) For castings having radiographed thickness from 50 mm to 305 mm (2 in. to 12 in.))ASTM E186, Standard Re-
ference Radiographs for Heavy-Walled [2 to 4%, in. (50.8 to 114 mm)] Steel Castings, or ASTM E280, Standard Reference
Radiographs for Heavy-Walled [4%, to 12 in. (114 to 305 mm)] Steel Castings, as approptiate, and with maximum se-
verity levels as shown in Table 3.10.

(c) Ultrasonic Examination - All parts of ferrous castings over 305 mm (12 in.) thick shall be examined by ultrasonic
methods in accordance with the procedures of Section V, Article 5. Castings with\niperfections shown by discontinuities
whose reflections exceed the height equal to 20% of the normal back reflection, or which reduce the height of the back
reflections by more than 30% during movement of the transducer 50 mm\(2-in.) in any direction are unacceptable unless
other methods of nondestructive testing, such as radiographic examination, demonstrate to the satisfaction of the vessel
Manufacturer and the Inspector that the indications are acceptablér unless such imperfections are removed and the
casting is repaired.

(d) Magnetic Particle Examination - Castings of ferromagnetic material shall be examined on all surfaces by a mag-
netic particle method in accordance with Part 7 of this Division. Castings with imperfections shown by Type I indications
or by indications exceeding Degree I of Types I, 111, IV, and V of ASTM E125, Reference Photographs for Magnetic Particle
Indications on Ferrous Castings, are unacceptable unless the imperfections are removed and casting is repaired.

(e) Liquid Penetrant Examination - Castings ofnonferromagnetic material shall be examined on all surfaces by a lig-
uid penetrant method in accordance with Part 7 of this Division. Castings with cracks and linear imperfections exceeding
the following limits are unacceptable:

(1) Linear indications resulting in mofé-than six indications in any 40 mm x 150 mm (1% in. x 6 in.) rectangle or
90 mm (3.5 in.) diameter circle with these taken in the most unfavorable location relative to the indications being
evaluated.

(2) Linear imperfections resulting in indications more than 6 mm (%, in.) in length for thicknesses up to 19 mm
(%, in.), one third of the thickiéss in length for thicknesses from 19 mm (%, in.) to 57 mm (2.25 in.), and 19 mm
(%, in.) in length for thicknesses over 57 mm (2.25 in.). Aligned acceptable imperfections separated from one another
by a distance equal to the length of the longer imperfection are acceptable.

(3) All nonlinearifnperfections which are indicated to have any dimension which exceeds 2.5 mm (0.0938 in.).

3.8.2.3 Repairing of Ferrous Castings.

(a) Castings with unacceptable imperfections may be repaired. Whenever an imperfection is removed and subsequent
repair by welding is not required, the affected area shall be blended into the surrounding surface so as to avoid sharp
notches, Crevices, or corners.

(b) Repairing of Ferrous Castings by Welding - Castings having imperfections in excess of the maximum sizes per-
mitted in 3.8.2.2 may be repaired by welding if the imperfections are removed and providing prior approval is obtained
from the vessel Manufacturer. To ensure complete removal of such imperfections prior to making repairs the base metal
shall be reexamined by either magnetic particle or liquid penetrant examination, if it is ferromagnetic, or by liquid pen-
etrant examination, if it is nonferromagnetic.

(1) Requirements for Examining Repairs in Castings — All weld repairs of depth exceeding 10 mm (%3 in.) or 20% of
the section thickness, whichever is the lesser, shall be examined by radiography and by magnetic particle examination or
liquid penetrant examination, if the material is magnetic, or by liquid penetrant examination, if it is nonferromagnetic, in
accordance with 3.8.2.2. Where the depth of the repairs is less than 20% of the section thickness or 25 mm (1 in.), which-

everisthe lesser and where the rnp:\irnd section cannotbe rndingrnphnd nFFm‘valy, the first ]aynr of each 6 mm (11/_r in )
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thickness of deposited weld metal and the finished weld surface shall be examined, as indicated previously by magnetic
particle or liquid penetrant examination. The finished surface examination shall be made after any heat treating opera-
tions that are applied to the casting. Weld repairs resulting from ultrasonic examination shall be examined by ultrasonic
methods.

(2) Postweld Heat Treatment of Repaired Castings - When repair welding is done after heat treatment of the cast-
ing, the casting shall be postweld heat treated after repair welding of the casting.

(3) Required Welding Procedure and Welder Qualifications - All welding shall be performed with a welding proce-
dure qualified in accordance with Section IX. The procedure qualification tests shall be performed on specimens of'cast
material of the same specification and subject to the same heat treatment before and after welding as will be applied to
the work. All welders and operators performing this welding shall also be qualified in accordance with Section IX.

(4) Certification of Weld Repairs - The location and extent of the weld repairs together with the repair procedure
and examination results shall be recorded and transmitted as part of the certification.

3.8.3 REQUIREMENTS FOR NONFERROUS CASTINGS

3.8.3.1 Examination of Nonferrous Castings. All nonferrous castings shall be exaniined in accordance with the
following:

(a) Each casting shall be subjected to 100% visual examination and to liquid penetrant examination on all surfaces in
accordance with 3.8.2.2(e). These examinations shall be performed followingithe final heat treatment applied to the
casting.

(b) All parts of castings shall be subjected to complete radiographic examination and the radiographs shall be com-
pared with the radiographic standards of ASTM E272, Reference Radiographs for Inspection of High Strength Copper
Base and Nickel-Copper Castings. Acceptable castings shall meet/Class 1 standards, if the wall thickness is less than
25 mm (1 in.) or Class 2 standards if the wall thickness is/greater than or equal to 25 mm (1 in.) as defined in the
Specification.

(c) All parts of castings with a thickness greater than'305 mm (12 in.) shall be ultrasonically examined in accordance
with the procedures given in SE-114. Any imperfectiofis whose reflections do not exceed a height equal to 20% of the
normal back reflection or do not reduce the height of the back reflection by more than 30% during movement of the
transducer 50 mm (2 in.), in any direction, shdll be considered acceptable. The above limits are established for the
use of transducers having approximately 625\mm? (1 in.?) of area.

3.8.3.2 Repairing of Nonferrous Castings by Welding. Upon approval by the vessel Manufacturer, castings subject
to rejection because of these examinations may be repaired in accordance with the following requirements.

(a) Castings having imperfections in excess of the maximum sizes permitted in 3.8.3.1 may be repaired by welding, if
the imperfections are removedrand provided prior approval is obtained from the vessel Manufacturer. To assure com-
plete removal of such impétfections, prior to making repairs, the base metal shall be reexamined by liquid penetrant
examination.

(b) All weld repaixs_of depth exceeding 10 mm (%; in.), or 20% of the section thickness, whichever is the lesser, shall
be examined by radiography and by liquid penetrant examination in accordance with 3.8.3.1. Where the depth of repairs
is less than 20%/ of the section thickness or 25 mm (1 in.), whichever are the lesser, and where the repaired section
cannot be radiographed effectively, the first layer of each 6 mm (7, in.) thickness of deposited weld metal and the fin-
ished weld surface shall be examined, as indicated previously, by liquid penetrant examination. The finished surface ex-
amiration shall be made after any heat treating operation that is applied to the casting. Weld repairs resulting from
ultrasonic examination shall be examined by ultrasonic methods.

(c) When repair welding is done after heat treatment of the casting, the casting shall be postweld heat treated after
repair welding.

(d) All welding shall be performed using welding procedures qualified in accordance with Section IX. The procedure
qualifications shall be performed on test specimens of cast material of the same specification and subject to the same
heat treatments before and after welding as will be applied to the work. All welders and welding operators performing
this welding shall be qualified in accordance with Section IX.

(e) The location and extent of the weld repairs together with the repair procedure and examination results shall be

recorded and transmitted as part of the certification

71


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

3.9 -3.10.2.1 ASME BPVC.VIIL.2-2023

3.9 SUPPLEMENTAL REQUIREMENTS FOR HUBS MACHINED FROM PLATE
3.9.1 GENERAL

The supplemental requirements of 3.9 are required for plate materials that are used in the fabrication of hubs for
tubesheets, lap joint stub ends, and flat heads machined from plate when the hub length is in the through thickness di-
rection of the plate.

3.9.2 MATERIAL REQUIREMENTS

3.9.2.1 Plate shall be manufactured by a process that produces material having through thickness properties which
are at least equal to those specified in the material specification. Such plate can be but is not limited to that produeed by
methods such as electroslag (ESR) and vacuum arc remelt (VAR). The plate must be tested and examined in acéordance
with the requirements of the material specification and the additional requirements specified in the’following
paragraphs.

3.9.2.2 Test specimens, in addition to those required by the material specifications, shall be taken in a direction
parallel to the axis of the hub and as close to the hub as practical, as shown in Figure 3.2. At least two tensile test spec-
imens shall be taken from the plate in the proximity of the hub, with one specimen taken frem*“the center third of the
plate width as rolled, and the second specimen taken at 90 deg around the circumference fronithe other specimen. Both
specimens shall meet the mechanical property requirements of the material specification. For carbon and low alloy
steels, the reduction of area shall not be less than 30%; for those materials for which the-material specification requires
a reduction of area value greater than 30%, the higher value shall be met.

3.9.2.3 Subsize test specimens conforming to the requirements of SA-370)Figure 5 may be used if necessary, in
which case the value for percent elongation in 50 mm (2 in.), required bythe material specification, shall apply to
the gage length specified in SA-370, Figure 5.

3.9.2.4 Tension test specimen locations are shown in Figure 3,2

3.9.3 EXAMINATION REQUIREMENTS

3.9.3.1 After machining the part, regardless of thickness, shall be ultrasonically examined by the straight beam tech-
nique in accordance with SA-388. The examination shall’be‘in two directions approximately at right angles, i.e., from the
cylindrical or flat rectangular surfaces of the hub and in'the axial direction of the hub. The part shall be unacceptable if

(a) the examination results show one or more indications accompanied by loss of back reflection larger than 60% of
the reference back reflection, and

(b) the examination results show indicatiohs\larger than 40% of the reference back reflection when accompanied by a
40% loss of back reflection.

3.9.3.2 Before welding the hub of‘the tubesheet flange or flat head to the adjacent shell, the hub shall be examined
by magnetic particle or liquid penetrant methods in accordance with Part 7.

3.9.3.3 After welding, the weld and the area of the hub for at least 13 mm (% in.) from the edge of the weld shall be
100% radiographed in accordance with Part 7. As an alternate, the weld and hub area adjacent to the weld may be ul-
trasonically examined injaccordance with Part 7.

3.9.4 DATA REPORTS AND MARKING

Whenever the\provisions of this supplemental requirement are used, they shall be indicated on the Data Report. Spe-
cial markings)dre not required.

3.10° MATERIAL TEST REQUIREMENTS
3.10.1 GENERAL

Material tests required by this Division shall be performed in accordance with 3.10.

3.10.2 REQUIREMENTS FOR SAMPLE TEST COUPONS
3.10.2.1 Heat Treatment. Heat treatment as used in this Division shall include all thermal treatments during fab-

rication at 480°C (an°P) and above
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3.10.2.2 Provisions of Sample Test Coupons. When material is subjected to heat treatment during fabrication, the
test specimens required by this Division shall be obtained from sample coupons which have been heat treated in the
same manner as the material, including such heat treatments as were applied by the material producer before shipment.
The required tests may be performed by the material producer or the fabricator.

3.10.2.3 Heat Treating of Sample Test Coupons.

(a) The material used in the vessel shall be represented by test specimens that have been subjected to the same man-
ner of heat treatment, including postweld heat treatment. The kind and number of tests and test results shall be as_re-
quired by the material specification. The vessel Manufacturer shall specify the temperature, time, and cooling rates/to
which the material will be subject during fabrication. Material from which the specimens are prepared shall be heated at
the specified temperature within the tolerance established by the manufacturer for use in actual fabrication.The total
time at temperature shall be within at least 80% of the total time at temperature during actual heat treatment of the
product and may be performed in a single cycle. Simulation of postweld heat treatment may be applied to,the test speci-
men blanks.

(b) Heat treatment of material is not intended to include such local heating as flame or arc cutting, preheating, weld-
ing, or heating below the critical range of tubing or pipe for bending or sizing.

3.10.3 EXEMPTIONS FROM REQUIREMENT OF SAMPLE TEST COUPONS

3.10.3.1 Standard Pressure Parts. An exception to the requirements of 3.10.2¢2,and 3.10.2.3 shall apply to standard
nonwelded items such as described in 3.2.8.3 and 3.2.8.4. These may be subjected to postweld heat treatment with the
vessel or vessel part without the same treatment being required of the test specimens. This exception shall not apply to
castings that are specially designed or to cast wrought fittings.

3.10.3.2 For Materials When PWHT to Table 6.16. Materials listed in Section IX, Table QW/QB-422 as P-No. 1 Group
3 and P-No. 3, Groups 1 and 2 that are certified in accordance with3110.2.2 and 3.10.2.3 from test specimens subjected
to the PWHT requirements of Table 6.8 or Table 6.9 need notberecertified if subjected to the alternative PWHT con-
ditions permitted in Table 6.16.

3.10.3.3 Re-Austenitized Materials. All thermal treatiments which precede a thermal treatment that fully austeni-
tizes the material need not be accounted for by the speginien heat treatments, provided the austenitizing temperature is
at least as high as any of the preceding thermal treatments.

3.10.4 PROCEDURE FOR OBTAINING,FEST SPECIMENS AND COUPONS

3.10.4.1 Plates.

(a) Unless otherwise specified, test specimens shall be taken in accordance with the requirements of the applicable
material specification, except for-thé“provisions in (b), (c), and (d) below. Tension test specimens and Charpy V-notch
specimens shall be orientated in the direction perpendicular to the final direction of the plate rolling.

(b) When the plate is heattreated with a cooling rate faster than still-air cooling from the austenitizing temperature,
the specimens shall be taken in accordance with requirements of applicable material specifications and 1t from any
heat-treated edge, whete t is the nominal thickness of the material.

(c) Where a separate test coupon is used to represent the vessel material, it shall be of sufficient size to ensure that the
cooling rate of the\region from which the test specimens are removed represents the cooling rate of the material at least
I,t deep and 1tfrom any edge of the product. Unless cooling rates applicable to the bulk pieces or product are simulated
in accordahce ‘with 3.10.5, the dimensions of the coupon shall be not less than 3t x 3t x 1t, where t is the nominal thick-
ness ofthe material.

(d) When flat heads, tubesheets, and flanges with integral hubs for butt welding are to be machined from plate, addi-
tional specimens shall be taken in the locations as shown in Figure 3.2.

3.10.4.2 Forgings.

(a) Test specimens shall be taken in accordance with the applicable material specification, except for the provisions in
(b), (c), and (d) below.

(b) When the forging is heat treated with a cooling rate faster than still-air cooling from the austenitizing temperature
the specimens shall be taken at least %t of the maximum heat-treated thickness from one surface and 1t from a second
surface. This is normally referred to as /4t x 1t, where t is the maximum heat-treated thickness. A thermal buffer may be

used to achieve these conditions unless cooling rates applicable to the bulk forgings are simulated in accordance with
3105
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(c) For thick and complex forgings, such as contour nozzles, thick tubesheets, flanges, and other complex forgings that
are contour shaped or machined to essentially the finished product configuration prior to heat treatment, the registered
engineer who prepares the Design Report shall designate the surfaces of the finished product subject to high tensile
stresses in service. Test specimens for these products shall be removed from prolongations or other stock provided
on the product. The specimens shall be removed as follows:

(1) The distance from the longitudinal axis of the specimen to the nearest heat-treated surface shall be no less than
the distance from the location where the maximum tensile stress is expected to the nearest heat-treated surface. This
distance shall be at least 19 mm (¥, in.).

(2) The distance from the mid-length of the specimen to a second heat-treated surface shall be at least twice the
distance in (1). This distance shall be at least 38 mm (1.5 in.).

(d) With prior approval of the vessel Manufacturer, test specimens for flat ring and simple ring forgings may.bé.taken
from a separately forged piece under the following conditions.

(1) The separate test forging shall be of the same heat of material and shall be subjected to substantially the same
reduction and working as the production forgings it represents.

(2) The separate test forging shall be heat treated in the same furnace charge and under the same\conditions as the
production forgings.

(3) The separate test forging shall be of the same nominal thickness as the production fofgings. Test specimen ma-
terial shall be removed as required in (a) and (b).

3.10.4.3 Tubular Products. Specimens shall be taken in accordance with the requirements of the applicable mate-
rial specification.

3.10.4.4 Bars and Bolting Materials.

(a) Test specimens shall be taken in accordance with the requirements of the applicable material specification, except
for the provisions of (b) below.

(b) Test specimens shall be at least Y4t from the outside or rolled sutface and with the end of the specimen no closer
than one diameter or thickness from the heat-treated end.

(c) For bolting, the specimens shall be taken in conformance with the applicable material specification and with the
end of the specimen no closer than one diameter or thickness.from a heat-treated end.

3.10.4.5 Castings.

(a) The conventional separately cast test coupon megts. the intent of 3.10.5 where normalizing or accelerated cooling
heat treatments are employed on castings having a’maximum thickness of less than 50 mm (2 in.).

(b) For castings having a thickness of 50 mm.(2 in.) and over, the specimens shall be taken from the casting (or the
extension of it) at least ,t of the maximum heat-treated thickness from one surface and 1t from a second surface. A
thermal buffer may be used.

(c) For massive castings that are cast or machined to essentially the finished product configuration prior to heat treat-
ment, the registered engineer who prepares the Design Report shall designate the surfaces of the finished product sub-
ject to high tensile stresses in service. Test specimens for these products shall be removed from prolongations or other
stock provided on the product: The specimens shall be removed as follows:

(1) The distance from thelongitudinal axis of the specimen to the nearest heat-treated surface shall be no less than
the distance from the locatien where the maximum tensile stress is expected to the nearest heat-treated surface. This
distance shall be at least-t9 mm (3, in.).

(2) The distaneefrom the mid-length of the specimen to a second heat-treated surface shall be at least twice the
distance in (1). This-distance shall be at least 38 mm (1.5 in.).

(d) With priorapproval of the vessel Manufacturer, test specimens may be taken from a separately cast test coupon
under the following conditions:

(1) Theé separate test coupon shall be of the same heat of material and shall be subjected to substantially the same
casting practices as the production casting it represents.

(2) The separate test coupon shall be heat treated in the same furnace charge and under the same conditions as the
production casting, unless cooling rates applicable to bulk castings are simulated in accordance with 3.10.5.

(3) The separate test coupon shall be of the same nominal thickness as the production casting. Test specimen ma-
terial shall be removed from the region midway between mid-thickness and the surface and shall not be nearer than on
thickness to a second surface.

3.10.5 PROCEDURE FOR HEAT TREATING TEST SPECIMENS FROM FERROUS MATERIALS

31051 General requirements for heat frnnfing of c:\mplp test coupons are coveredin 31023
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3.10.5.2 When ferritic steel products are subjected to normalizing or accelerated cooling from the austenitizing
temperature, the test specimens representing those products shall be cooled at a rate similar to and no faster than
the main body of the product except in the case of certain forgings and castings [see 3.10.4.2(c) and 3.10.4.5(c)]. This
rule shall apply for specimens taken directly from the product as well as those taken from separate test coupons rep-
resenting the product. The following general techniques may be applied to all product forms or test coupons represent-
ing the product.

(a) Any procedure may be applied which can be demonstrated to produce a cooling rate in the test specimen that
matches the cooling rate of the main body of the product at the region midway between mid-thickness and supface
(4t) and no nearer any heat-treated edge than a distance equal to the nominal thickness, t, being cooled within
14°C (25°F) and 20 sec at all temperatures after cooling begins from the austenitizing temperature.

(b) Faster cooling rates at product edges may be compensated for by:

(1) Taking the test specimens at least 1t from a quenched edge where t equals the product thickness:

(2) Attaching a steel pad at least 1t wide by a partial penetration weld to the product edge where spéeimen are to be
removed.

(3) Using thermal buffers or insulation at the product edge where specimens are to be removed.

(c) If cooling rate data for the product and cooling rate device control devices for the test specimens are available, the
test specimens may be heat treated in the device to represent the product, provided that the‘provisions of (a) are met.

(d) When the material is clad or weld deposit overlayed by the product prior to nofmalizing or accelerated cooling
from the austenitizing temperature, the full thickness samples shall be clad or the weld deposit overlayed before such
heat treatments.

3.10.6 TEST COUPON HEAT TREATMENT FOR NONFERROUS MATERIALS

3.10.6.1 Fabrication heat treatments of nonferrous material are normally not necessary. If heat treatment is per-
formed, it shall be by agreement between the user and the vessel Manufacturer.

3.10.6.2 Materials where the mechanical properties are affected by fabrication heat treatments shall be represented
by test specimens that have been subjected to the simulated fabfication heat treatments. The vessel Manufacturer shall
specify the pertinent fabrication heat treatment parameters<o the material manufacturer.

3.10.6.3 The requirements of 3.10.6.2 above excludeyannealing and stress relieving.

3.11 MATERIAL TOUGHNESS REQUIREMENTS
3.11.1 GENERAL

3.11.1.1 Charpy V-notch impact tests'shall be made for materials used for shells, heads, nozzles, and other pressure-
containing parts, as well as for the structural members essential to structural integrity of the vessel, unless exempted by
the rules of 3.11.

(a) Toughness requirements for materials listed in Table 3-A.1 (carbon and low alloy steel materials except bolting
materials) are given in 3.112:

(b) Toughness requirements for materials listed in Table 3-A.2 (quenched and tempered steels with enhanced tensile
properties) are given.in 3.11.3.

(c) Toughness requirements for materials listed in Table 3-A.3 (high alloy steels except bolting materials) are given in
3.11.4.

(d) Toughnessrequirements for materials listed in Tables 3-A.4 through 3-A.7 (nonferrous alloys) are given in 3.11.5.

(e) Toughness requirements for all bolting materials are given in 3.11.6.

3.111.2" Toughness testing procedures and requirements for impact testing of welds and vessel test plates of ferrous
materials are given in 3.11.7 and 3.11.8, respectively.

3:11.1.3 Throughout 3.11, reference is made to the Minimum Design Metal Temperature (MDMT). The MDMT is part
of the design basis of the vessel and is defined in 4.1.5.2(e). The rules in 3.11 are used to establish an acceptable MDMT
for the material based on the materials of construction, product form, wall thickness, stress state, and heat treatment.

3.11.2 CARBON AND LOW ALLOY STEELS EXCEPT BOLTING

3.11.2.1 Toughness Requirements for Carbon and Low Alloy Steels.
(a) Impact tests shall be performed on carbon and low alloy materials listed in Table 3-A.1 for all combinations of
materials and MDMTs except as exempted by 3.11.2.3, 3.11.2.4, 3.11.2.5, or 3.11.2.8.

(23)

(h) When impact h:cfing is necessary, the fn”nvui‘ng toughness values are rnnlnirnd
(o]
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(1) If the specified minimum tensile strength is less than 655 MPa (95 ksi), then the required minimum energy for
all specimen sizes shall be that shown in Figures 3.3 and 3.4 for welded vessel parts not subject to postweld heat treat-
ment (PWHT) and welded vessels parts subject to PWHT or nonwelded parts, respectively, multiplied by the ratio of the
actual specimen width along the notch to the width of a full-size specimen, except as otherwise provided in 3.11.7.2(b).

(2) If the specified minimum tensile strength is greater than or equal to 655 MPa (95 ksi), then the minimum lateral
expansion (see Figure 3.5) opposite the notch for all specimen sizes shall not be less than the values shown in Figure 3.6.

3.11.2.2 Required Impact Testing Based on the MDMT, Thickness, and Yield Strength.

(a) If the governing thickness (see 3.11.2.3(b) at any welded joint or of any nonwelded part exceeds 100 mm (4 in.)
and the MDMT is colder than 43°C (110°F), then impact testing is required.

(b) Materials having a specified minimum yield strength greater than 450 MPa (65 ksi) shall be impact tested.

3.11.2.3 Exemption From Impact Testing Based on the MDMT, Thickness, and Material Specification.

(a) Figure 3.7 for welded parts not subject to PWHT or Figure 3.8 for welded parts subject to PWHT shallbe used to
establish impact testing exemptions based on the impact test exemption curve for the subject materialSpecification and
grade or class of the steel, MDMT, and governing thickness of a welded part. If an MDMT and thickness combination for
the subject material is on or above the applicable impact test exemption curve in Figure 3.7 or Eigure 3.8, then impact
testing is not required except as required by 3.11.8 for weld metal and heat-affected zones.

(b) The governing thickness, ty, of a welded part is determined using the following criteria;EXamples of the governing
thickness for some typical vessel details are shown in Figures 3.9, 3.10, and 3.11.

(1) For all product forms except castings:
(-a) For butt joints except those in flat heads and tubesheets, the nominal thickness of the thickest welded joint
[see Figure 3.9, sketch (a)],
(-b) For corner, fillet, or lap-welded joints, including attachments as“defined in 3.11.1.1, the thinner of the two
parts joined,
(-c) For flat heads or tubesheets, the larger of (-b) above or the flat component thickness divided by 4.
(2) The governing thickness of a casting shall be its largest nominal thickness.
(3) The governing thickness of flat nonwelded parts, such,as bolted flanges, tubesheets, and flat heads, is the flat
component thickness divided by 4.
(4) The governing thickness of a nonwelded dished headis the greater of the flat flange thickness divided by 4 or the
minimum thickness of the dished portion.

(c) Components such as shells, heads, nozzles, manways, reinforcing pads, stiffening rings, flanges, tubesheets, flat
cover plates, backing strips, and attachments that\are essential to the structural integrity of the vessel when welded
to pressure-retaining components shall be treatéd“as separate components. Each component shall be evaluated for im-
pact test requirements based on its individual\material classification, governing thickness [see (b)], and the MDMT. For
welded assemblies comprised of more than‘two components (e.g., nozzle-to-shell joint with reinforcing pad), the gov-
erning thickness and permissible MDMT of each of the individual welded joints of the assembly shall be determined,
and the warmest MDMT shall be used-as the permissible MDMT of the welded assembly.

(d) Figure 3.7 limits the maximiinl nominal governing thickness for welded parts not subject to postweld heat treat-
ment to 38 mm (1% in.). Some Vessels may have welded non-postweld-heat-treated pressure parts whose thickness ex-
ceeds the nominal governiug thickness of 38 mm (1% in.). Examples of such welded and non-postweld-heat-treated
pressure parts are thickitubésheets, flat heads, and thick insert plates (with beveled edges) with nozzles or load-carrying
structural attachments!Such welded non-postweld-heat-treated pressure parts shall be impact tested and shall meet the
impact test requiréments of this Division.

(e) Impact testing is not required for materials with a thickness of 2.5 mm (0.099 in.) and thinner, but such exempted
materials shallnot be used at design metal temperatures colder than -48°C (-55°F). For components made from DN 100
(NPS 4) pipe-or smaller and for equivalent size of tubes of P-No. 1 materials, the following exemptions from impact test-
ing are-also permitted as a function of the specified minimum yield strength (SMYS) of the material for metal tempera-
tures 0f’-104°C (-155°F) and warmer:

(1) For SMYS between 140 MPa and 240 MPa (20 ksi and 35 ksi), inclusive, the thickness exemption for impact test-
ing is 6 mm (%, in.).
(2) For SMYS between 250 MPa and 310 MPa (36 ksi and 45 ksi), inclusive, the thickness exemption for impact test-
ing is 3.2 mm (Y in.).
(3) For SMYS higher than 315 MPa (46 ksi), inclusive, the thickness exemption for impact testing is 2.5 mm
(0.099 in.).
(f) Note that the rules in this paragraph for the exemption of impact testing do not provide assurance that all test

results for these materials will satisfu the impact test acceptance criteria of 3112 1(]‘\)
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3.11.2.4 Exemption From Impact Testing Based on Material Specification and Product Form.

(a) Impact testing is not required for the ferritic steel flanges shown below when produced to fine grain practice and
supplied in heat-treated condition (normalized, normalized and tempered, or quenched and tempered after forging)
when used at design temperatures no colder than -29°C (-20°F) and no colder than -18°C (0°F) when supplied in
the as-forged condition. A certification statement on a Material Test Report or Certificate of Compliance attesting to pro-
duction to fine grain practice is sufficient.

(1) ASME B16.5 flanges.

(2) ASME B16.47 flanges.

(3) Long weld neck flanges, defined as forged nozzles that meet the dimensional requirements of a flangedfitting
given in ASME B16.5 but have a straight hub/neck. The neck inside diameter shall not be less than the nominal sizeof the
flange, and the outside diameter of the neck and any nozzle reinforcement shall not exceed the diameter of the hub as
specified in ASME B16.5.

(b) Materials produced and impact tested in accordance with the requirements of the specifications:shown below are
exempt from impact testing by the rules of this Division at MDMTs not more than 3°C (5°F) colder, than the test tem-
perature required by the specification.

(1) SA-333

(2) SA-334

(3) SA-350

(4) SA-352

(5) SA-420

(6) SA-765

3.11.2.5 Exemption From Impact Testing Based on Design Stress Values.

(a) A colder MDMT for a component than that derived from 3.11.2.2 or 3:11.2.3 may be determined in accordance with
the procedure outlined below.

Step 1.For the welded part under consideration, determine th® nominal thickness of the part, t,, and the required
governing thickness of the part, t,, using 3.11.2.3(b).

Step 2.Determine the applicable material toughness curte to be used in Figure 3.7 for welded parts not subject to
PWHT or Figure 3.8 for welded parts subject to PWHT. See\3.11.2.2(b) for materials having a specified minimum yield
strength greater than 450 MPa (65 ksi).

Step 3.Determine the MDMT from Figure 3.7 forcwelded parts not subject to PWHT or Figure 3.8 for welded parts
subject to PWHT based on the applicable toughness curve and the governing thickness, t,. For materials having a spe-
cified minimum yield strength greater than450 MPa (65 ksi), the MDMT shall be determined by impact testing per
3.11.2.2(b).

Step 4.Based on the design loading conditions at the MDMT, determine the stress ratio, R, using one of the equations
below. For pressure vessel attachments’that are exposed to tensile stresses from internal pressure (e.g., nozzle rein-
forcement pads, horizontal vessel saddle attachments, and stiffening rings), the coincident ratio shall be that of the shell
or head to which each componentis attached. Note that this ratio can be computed in terms of required design thickness
and nominal thickness, appliedistress and allowable design stress, or applied pressure and maximum allowable working
pressure based on the desigh rules in this Division or ASME/ANSI pressure-temperature ratings.

£3
R = # (Thickness Basis) (31
* ok
R = SSbb: (Stress Basis) (3-2)
Res = - P"I (Pressure-Temperature Rating Basis) (3.3)
rating

Step 5.Determine the final value of the MDMT and evaluate results.

(a) If the computed value of the R, ratio from Step 4 is less than or equal to 0.3 for Class 1, or 0.24 for Class 2, then set
the MDMT to -104°C (-155°F).

(b) If the computed value of the R, ratio from Step 4 is greater than 0.3 for Class 1, or 0.24 for Class 2, then determine
the temperature reduction, T. If the specified minimum yield strength is less than or equal to 450 MPa (65 ksi), then
determine Ty from Figure 3.12 for parts not subject to PWHT or Figure 3.13 for parts subject to PWHT based on the R,
ratio from Step 4. If the specified minimum yield strength is greater than 450 MPa (65 ksi) for parts subject to PWHT,

then determine the temperature reduction, Tx from eq (? A.) The final r‘nmpnfpd value of the MDMT is determined

(23)

(23)
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using eq. (3.5). The reduction in the MDMT given by eq. (3.5) shall not exceed 55°C (100°F). Impact testing is not re-
quired if the specified MDMT is warmer than the computed MDMT. However, if the specified MDMT is colder than
-48°C (-55°F), impact testing is required.

—27.20656 — 76.98828R; +

103.0922RZ + 7.433649(10)’35}
T = - (°F, ksi) (3.4)
1 - 1.986738Rys — 1.758474(10) “S, +

6479033(10) °s2

MDMT = MDMTgrgp3 — Tg (3.5)

(b) The procedure in 3.11.2.5(a) above is repeated for each welded part, and the warmest MDMT of all welded parts is
the MDMT for the vessel.

(c) For a flange attached by welding, the procedure in 3.11.2.5(a) above can be used by determining the temperature
reduction as determined for the neck or shell to which the flange is attached. The bolt-up conditien need not be consid-
ered when determining the temperature reduction for flanges.

(d) For components not stressed in general primary membrane tensile stress such asAlat heads, covers, tubesheets,
and flanges, the MDMT shall not be colder than the MDMT derived from 3.11.2.3, 3.11124(a), or the impact test tempera-
ture less the allowable temperature reduction as determined in 3.11.2.5(a). The ratio used in 3.11.2.5(a) shall be the
ratio of the maximum design pressure at the MDMT to the maximum allowable‘\pressure (MAP) of the component at
the MDMT.

(e) Longitudinal tensile stress in the vessel due to net-section bending that results in general primary membrane ten-
sile stress (e.g., due to wind or earthquake in a vertical vessel, at mid<span and in the plane of the saddles of a saddle-
supported horizontal vessel) shall be considered when calculatingéthe' R, ratio in (a), Step 4.

3.11.2.6 Adjusting the MDMT for Impact Tested Materials:

(a) For components that are impact tested, the components’may be used at a MDMT colder than the impact test tem-
perature, provided the stress ratio defined in 3.11.2.5(a)iStep 4 is less than one and the MDMT is not colder than -104°C
(=155°F). For such components, the MDMT shall not be.colder than the impact test temperature less the allowable tem-
perature reduction as determined from 3.11.2.5 (icey,‘the starting point for the MDMT calculation in 3.11.2.5(a), Step 3, is
the impact test temperature). For pressure vessel'attachments that are exposed to tensile stresses from internal pres-
sure (e.g., nozzle reinforcement pads, horizontal vessel saddle attachments, and stiffening rings), the coincident ratio
shall be that of the shell or head to which<each component is attached. [See 3.11.2.4(b)].

(b) One common usage of the exemptions in 3.11.2.5 and 3.11.2.6 will be for vessels in which the pressure is depen-
dent on the vapor pressure of the contents (e.g., vessels in refrigeration, or hydrocarbon processing plants with operat-
ing systems that do not permit imfnediate repressurization). For such services, the primary thickness calculations (shell
and head) normally will be made for the maximum design pressure coincident with the design (MDMT) temperature
expected. The ratio of required thickness/nominal thickness as defined in 3.11.2.5(a), Step 4, for the design condition
is then calculated. Thickness calculations are also made for other expected pressures at coincident temperature, along
with the AT difference’\rom the MDMT [see 3.11.2.5(a), Step 3], and the thickness ratio defined in 3.11.2.5(a), Step 4.
Ratio/AT points that'are on or below the line in Figure 3.12 (for as-welded parts) or Figure 3.13 (for PWHT or non-
welded parts)sas applicable, are acceptable, but in no case may the operating temperature be colder than -104°C
(-155°F). Comparison of pressure-temperature coincident ratios or stress coincident ratios may also be used as illu-
strated in-3:11.2.5(a), Step 4.

3,11.2.7 Vessel or Components Operating Below the MDMT. Vessels or components may be operated at tempera-
tures-colder than the MDMT stamped on the nameplate if:

{(a) The provisions of 3.11.2 are met when using the reduced (colder) operating temperature as the MDMT, but in no
case shall the operating temperature be colder than -104°C (-155°F); or

(b) For vessels or components whose thicknesses are based on pressure loading only, the coincident operating tem-
perature may be as cold as the MDMT stamped on the nameplate less the allowable temperature reduction as deter-
mined from 3.11.2.5. The ratio used in 3.11.2.5(a), Step 4, of the procedure in 3.11.2.5 shall be the ratio of maximum
pressure at the coincident operating temperature to the design pressure of the vessel at the stamped MDMT, but in

no case shall the npnr:n-ihg temperature be colder than —104°C (—1 '-'i'-'i°l3)
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3.11.2.8 Establishment of the MDMT Using a Fracture Mechanics Methodology.

(a) In lieu of the procedures in 3.11.2.1 through 3.11.2.7, the MDMT may be established using a fracture mechanics
approach. The fracture mechanics procedures shall be in accordance with API 579-1/ASME FFS, Part 9, Level 2 or
Level 3.

(b) The assessment used to determine the MDMT shall include a systematic evaluation of all factors that control the
susceptibility to brittle fracture, e.g., stresses from the applied loadings including thermal stresses, flaw size, fracture
toughness of the base metal and welded joints, heat treatment, and the loading rate.

(c) The reference flaw size used in the fracture mechanics evaluation shall be a surface flaw with a depth )of
a = min[t/4, 25 mm (1 in.)] and a length of 2c = 6a where t is the thickness of the plate containing the referenee)flaw.
If approved by the user, an alternative reference flaw size may be used based on the weld joint geometry and the NDE
that will be used and demonstrated for qualification of the vessel (see Part 7).

(d) The material fracture toughness shall be established using the exemption curve for the material, (see Notes to
Figures 3.7 and 3.8) and MPC Charpy impact energy correlation described in API 579-1/ASME FES-1, Appendix F,
F.4. If approved by the user, an alternative material fracture toughness may be used based on fracture toughness test
results.

(e) The MDMT established using a fracture mechanics approach shall not be colder thand¢hat given in 3.11.2.3(e).

3.11.2.9 Postweld Heat Treatment Requirements for Materials in Low Temperature Service.

(a) If the MDMT is colder than —48°C (-55°F) and the stress ratio defined in 3.11.2:5(a), Step 4 is greater than or equal
to 0.3 for Class 1, or 0.24 for Class 2, then welded joints shall be subject to PWHT in‘accordance with the requirements of
6.4.2.

(b) The requirement in (a) above does not apply to the welded joints listed in (1) and (2) below in vessel or vessel
parts fabricated of P-No. 1 materials that are impact tested at the MDMT or‘colder in accordance with 3.11.2.1. The mini-
mum average energy requirement for base metal, weld metal, and heat-affected zones shall be 41 | (30 ft-1b) instead of
the values shown in Figure 3.3 for welded parts not subject to PWHT or Figure 3.4 for welded parts subject to PWHT or
for nonwelded parts.

(1) Type 1 Category A and B joints, not including cone*to-cylinder junctions, that have been 100% radiographed.
Category A and B joints attaching sections of unequal thickness shall have a transition with a slope not exceeding 3:1.

(2) Fillet welds having leg dimensions not exceeding”10 mm (% in.) attaching lightly loaded attachments, provided
the attachment material and the attachment weld-meet the requirements of 3.11.2 and 3.11.8. Lightly loaded attach-
ments, for this application, are defined as attachments in which the stress in the attachment weld does not exceed
25% of the allowable stress. All such welds{shall be examined by liquid penetrant or magnetic particle examination
in accordance with Part 7 of this Division:

3.11.2.10 Impact Tests of Welding-Procedures.
(a) For welded construction, the-welding procedure qualification shall include impact testing of weld metals in accor-
dance with 3.11.2.1 when required by (b) or (c).
(b) Welds made with filler-metal shall be deposited using welding procedures qualified with impact testing when
(1) either base metalis'required to be impact tested by the rules of this Division; or
(2) any individuak weld pass exceeds 13 mm (% in.) in thickness and the MDMT is colder than 21°C (70°F); or
(3) joining basemetals exempt from impact testing by 3.11.2.3,3.11.2.4, and 3.11.2.5 when the MDMT is colder than
-48°C (-55°F);or
(4) joining base metals from Figure 3.7 or Figure 3.8, Curves C or D, or metals exempted from impact testing by
3.11.2.4(b)yand the MDMT is colder than -29°C (-20°F) but not colder than -48°C (-55°F). Qualification of the welding
procedure ‘with impact testing is not required when no individual weld pass in the fabrication weld exceeds 6 mm (Y,
in.) inthickness, and each heat and/or lot of filler metal or combination of heat and/or lot of filler metal and batch of flux
has been classified by their manufacturer through impact testing per the applicable SFA specification at a temperature
not warmer than the MDMT. Additional testing beyond the scope of the SFA specification may be performed by the filler
metal and/or flux manufacturer to expand their classification for a broader range of temperatures.
(c) Except for welds made as part of the material specification, welds made without the use of filler metal shall be
completed using welding procedures qualified with impact testing when
(1) either base metal is required to be impact tested by the rules of this Division; or
(2) the thickness at the weld exceeds 13 mm (%, in.) for all MDMTs, or 8 mm (%, in.) when the MDMT is colder than
10°C (50°F); or

(23)

(?) }'ninihg base metals exempt from fncfing hy 3112 A(h) when the MDMT is colder than —48°C (—':('-'{°P)
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3.11.3 QUENCHED AND TEMPERED STEELS

3.11.3.1 Toughness Requirements for Quenched and Tempered Ferritic Steels.
(a) All quenched and tempered steels listed in Table 3-A.2 shall be subject to Charpy V-notch testing.
(b) Impact tests shall be conducted at a temperature not warmer than the MDMT determined in 4.1.5.2(d). However,
in no case shall the impact test temperature be warmer than 0°C (32°F).
(c) Materials may be used at temperatures colder than the MDMT as permitted below.
(1) When the stress ratio defined in 3.11.2.5(a), Step 4 is 0.3 or less for Class 1, or 0.24 or less for Class 2, the cor-
responding MDMT shall not be colder than -104°C (-155°F).
(2) When the stress ratio defined in 3.11.2.5(a), Step 4 is greater than 0.3 for Class 1, or 0.24 for Class 2, the corre*
sponding MDMT shall not be colder than the impact test temperature less the allowable temperature reduction-as de-
termined in 3.11.2.5(a) and shall in no case be colder than -104°C (-155°F).

3.11.3.2 Impact Testing.

(a) Preparation of Test Specimens - All test specimens shall be prepared from the material in its final heat-treated
condition according to the requirements of 3.11.7.2.

(b) Number of Impact Tests and Test Specimens - One Charpy V-notch impact test shall consist of three test speci-
mens. For as-rolled plates, one Charpy V-notch test shall be made from each as-rolled plate. Fot,heat-treated plates (nor-
malized, normalized and tempered, or quenched and tempered), one Charpy V-notch test shall be made from each plate-
as-heat-treated. One Charpy V-notch test shall be made from each heat of bars, pipe, tubing) rolled sections, forged parts
or castings included in any one heat treatment lot. The number of impact tests shall not be less than required by the
material specification.

(c) Locations and Orientation of Test Specimens - The location and orientation‘of the specimens shall be the same as
required for Charpy type impact tests by 3.11.7.2 and 3.11.7.3 except that spegimens from plates shall be transverse to
the final direction of rolling and for forgings and pipe, transverse to the dinection of major work (see Figure 3.14).

(d) The minimum lateral expansion shall be in accordance with 3.14:21(b)(2).

(e) Retesting shall be in accordance with 3.11.7.6.

3.11.3.3 Drop-Weight Tests.

(a) When the MDMT is colder than -29°C (-20°F), dropsweight tests as defined by ASTM E208, Conducting Drop-
Weight Test to Determine Nil-Ductility Transition Tempetattre of Ferritic Steels, shall be made on all materials listed
in Table 3-A.2, with the following exceptions:

(1) SA-522 for any MDMT;
(2) SA-353 and SA-553 when the temperature)is not colder than -196°C (-320°F);
(3) SA-645 Grade A when the temperaturetis not colder than -170°C (-275°F).

(b) Number of Tests for Plates — For platés*16 mm (% in.) thick and greater, one drop-weight test (two specimens)
shall be made for each plate in the as-heat-treated condition (see 3.11.3.2).

(c) Number of Tests for Forgings and Castings - For forgings and castings of all thicknesses, one drop-weight test (two
specimens) shall be made for each:heat in any one heat treatment lot. The sampling procedure shall comply with the
requirements of ASTM E208. Speecimen locations for forgings shall be the same as specified in SA-350 for location of
impact test specimens (see SA=350, paragraph 7.2.3).

(d) Required Test Results>= Each of the two test specimens shall meet the “no-break” criterion, as defined by ASTM
E208, at the test temperature.

3.11.4 HIGH ALLOY STEELS EXCEPT BOLTING

3.11.4.1 Toughness Requirements for High Alloy Steels.

(a) Impacttests shall be performed on high alloy materials listed in Table 3-A.3 for all combinations of materials and
MDMTs except as exempted by 3.11.4.3 or 3.11.4.5. Impact testing is required for UNS S17400 materials. Impact tests
shall be’'made from sets of three specimens: one set from the base metal, one set from the weld metal, one set from the
Heat-affected zone (HAZ). Specimens shall be subjected to the same thermal treatments as the part or vessel that the
specimens represent.

(b) When the MDMT is -196°C (-320°F) and warmer, impact tests shall be conducted at the MDMT or colder, and the
minimum lateral expansion opposite the notch shall be no less than 0.38 mm (0.015 in.) for MDMTs of -196°C (-320°F)
and warmer.

(c) When the MDMT is colder than -196°C (-320°F), production welding processes shall be limited to shielded metal
arc welding (SMAW), flux-cored arc welding (FCAW), gas metal arc welding (GMAW), submerged arc welding (SAW),

pl:\c‘m:\ arc v\mlding (DA\/\/), and gas tungsten arc \Amlding [CTA\/\I) Each heat lot or batch of filler metal and filler
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metal/flux combination shall be pre-use tested as required by 3.11.4.5(d)(1) through 3.11.4.5(d)(3). Exemption from
pre-use testing as allowed by 3.11.4.5(d)(4) and 3.11.4.5(d)(5) is not applicable. Toughness testing shall be performed
as specified in (1) or (2) below, as appropriate.
(1) If using Type 316L weld filler metal, or Type 308L filler metal welded with the GTAW, FCAW, or GMAW process,
(-a) Weld metal deposited from each heat of Type 316L filler metal shall have a Ferrite Number (FN) no greater
than 10, and a weld metal deposited from each heat of Type 308L filler metal shall have a FN in the range of 4 to 14, as
measured by a ferritescope or magna gauge calibrated in accordance with AWS A4.2, or as determined by applying the
chemical composition from the test weld to Figure 3.15.
(-b) Toughness tests shall be conducted at -196°C (-320°F) on three sets of three specimens: one set from ‘the
base metal, one set from the weld metal, one set from the HAZ.
(-¢) Each of the three specimens from each test set shall have a lateral expansion opposite the notch'not less than
0.53 mm (0.021 in.).
(2) When the qualifying conditions of (1) cannot be met:
(-a) Weld metal deposited from each heat or lot of austenitic stainless steel filler metal usédin production shall
have a FN no greater than the FN determined for the test weld.
(-b) Toughness tests shall be conducted at -196°C (-320°F) on a set of three speciméns from the base metal.
Each of three specimens shall have a lateral expansion opposite the notch no less than,0,53’mm (0.021 in.).
(-c) ASTM E1820 J;. tests shall be conducted on two sets of two specimens: one s€t from the HAZ, one set from
the weld metal, at a test temperature no warmer than MDMT. The HAZ specimen orientation shall be T-L. A K. (J) value

no less than 132 MPa/m (120 ksi\/in.] is required for all specimens tested.

(3) When the required toughness test specimens do not meet the lateral expansion requirements in (1)(-c) or
(2)(-b), ASTM E1820 J,. tests shall be conducted on an additional set of\two specimens representing the failed set of
toughness test specimens at a test temperature no warmer than MDMT. The specimen orientation for the base metal

and HAZ shall be T-L. A K. (J) value no less than 132 MPaym (120ksiv/in. ) is required for all specimens tested.

3.11.4.2 Required Impact Tests When Thermal Treatments’Are Performed. Impact tests are required at the test
temperature in accordance with 3.11.4.1 but no warmer than21°C (70°F) whenever thermal treatments within the tem-
perature ranges listed for the following materials are applied.

(a) Austenitic stainless steels thermally treated betieeh 480°C and 900°C (900°F and 1,650°F), except for Types 304,
304L, 316, and 316L which are thermally treated at.temperatures between 480°C and 705°C (900°F and 1,300°F), are
exempt from impact testing, provided the MDMT,is=29°C (-20°F) and warmer and vessel production impact tests of the
thermally treated weld metal are performedfor Category A and B joints.

(b) Austenitic-ferritic duplex stainless steels thermally treated at temperatures between 315°C and 955°C (600°F
and 1,750°F).

(c) Ferritic chromium stainless steels and martensitic chromium stainless steels thermally treated at temperatures
between 425°C and 730°C (800¢Fand 1,350°F).

Thermal treatments of materials do not include thermal cutting.

3.11.4.3 Exemptions From Impact Testing for Base Materials and HAZs. Impact testing is not required for the fol-
lowing combinations of-base metals and HAZs (if welded) and MDMT, except as modified in 3.11.4.2.
(a) For austenitic chromium-nickel stainless steels as follows:
(1) Those having a carbon content not exceeding 0.10% at MDMTs of -196°C (-320°F) and warmer. (The value of
the carbon cortent may be specified by the purchaser, or must be within the limits of the material specification.);
(2) Those, types having a carbon content exceeding 0.10% (the value of the carbon content may be as specified by
the purchaser) at MDMTs of -48°C (-55°F) and warmer;
(3).Eor castings at MDMTs of —29°C (-20°F) and warmer.
{b)-For austenitic chromium-manganese-nickel stainless steels (200 series) as follows:
(1) Having a carbon content not exceeding 0.10% at MDMTs of -196°C (-320°F) and warmer;
(2) Having a carbon content exceeding 0.10% at MDMTs of -48°C (-55°F) and warmer;
(3) For castings at MDMTs of -29°C (-20°F) and warmer.
(c) For the following steels in all product forms at MDMTs of -29°C (-20°F) and warmer:
(1) Austenitic-ferritic duplex steels with a nominal material thickness of 10 mm (% in.) and thinner;
(2) Ferritic chromium stainless steels with a nominal material thickness of 3 mm (% in.) and thinner;
(3) Martensitic chromium stainless steels with a nominal material thickness of 6 mm (%, in.) and thinner.
(d) Impact tests are not required where the maximum obtainable Charpy specimen has a width along the notch less

than 25 mm (ﬂﬂqq in)
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(23)

(e) Impact testing of materials is not required, except as modified by 3.11.4.2, when the coincident ratio of applied
stress in tension to allowable tensile stress is less than 0.3 for Class 1, or 0.24 for Class 2. The applied stress is the stress
from pressure and non-pressure loadings, including those listed in Table 4.1.1 which result in general primary mem-
brane tensile stress.

3.11.4.4 Exemptions From Impact Testing for Welding Procedure Qualifications. For welding procedure qualifi-
cations, impact testing is not required for the following combinations of weld metals and MDMT except as modified by
3.11.4.2.
(a) For austenitic chromium-nickel stainless steel base materials having a carbon content not exceeding 0.10%;
welded without the addition of filler metal, at MDMTs of -104°C (-155°F) and warmer.
(b) For austenitic weld metal:
(1) Having a carbon content not exceeding 0.10% and produced with filler metals conforming to SFA-5.4;,.SFA-5.9,
SFA-5.11, SFA-5.14, and SFA-5.22 at MDMTs of -104°C (-155°F) and warmer;
(2) Having a carbon content exceeding 0.10% and produced with filler metals conforming, to SFA=-5.4, SFA-5.9,
SFA-5.11, SFA-5.14, and SFA-5.22 at MDMTs of -48°C (-55°F) and warmer.
(c) For the following weld metal, if the base metal of similar chemistry is exempt as stated in 3,11:4.3(c) above, then
the weld metal shall also be exempt at MDMTs of -29°C (-20°F) and warmer:
(1) Austenitic-ferritic duplex steels;
(2) Ferritic chromium stainless steels; and
(3) Martensitic chromium stainless steels.

3.11.4.5 Required Impact Testing for Austenitic Stainless Steel Welding Consumables With MDMT Colder Than
-104°C (-155°F). For production welds at MDMTs colder than -104°C (-155°F),alllef the following conditions shall be
satisfied:

(a) The welding processes are limited to SMAW, SAW, FCAW, GMAW, GTAW, and PAW;

(b) The applicable Welding Procedure Specifications (WPSs) are supported by Procedure Qualification Records
(PQRs) with impact testing in accordance with the requirements 0f{3.11.7 and 3.11.4.1, or when the applicable PQR
is exempted from impact testing by other provisions of this Division;

(c) The weld metal (produced with or without filler metal) has’a carbon content not exceeding 0.10%, except when
using ER310 or SFA-5.4 E310-15 or E310-16.

(d) The weld metal is produced by filler metal conforming-to Section II, Part C, SFA-5.4, SFA-5.9, SFA-5.11, SFA-5.14,
and SFA-5.22 as modified below.

(1) Each heat and/or lot of welding consumables-to be used in production welding with the SMAW, FCAW, and
GMAW processes shall be pre-use tested by conducting impact tests in accordance with 3.11.4.1. Test coupons shall
be prepared in accordance with Section II, Par{,C,"SFA-5.4, A9.3.5 utilizing the WPS to be used in production welding.

(2) Each heat of filler metal and batch of\flux combination to be used in production welding with the SAW process
shall be pre-use tested by conducting impacttests in accordance with 3.11.4.1. Test coupons shall be prepared in accor-
dance with Section II, Part C, SFA-5.4, A9.3.5 utilizing the WPS to be used in production welding.

(3) Combining more than one welding process or more than one heat, lot, and/or batch of welding material into a
single test coupon is unacceptable:\Pre-use testing in accordance with 3.11.4.1 may be conducted by the welding con-
sumable manufacturer, provided mill test reports are furnished with the consumables.

(4) The following filler metals may be used without pre-use testing of each heat, lot, and/or batch provided that the
procedure qualification.impact testing in accordance with 3.11.8 at the MDMT or colder is performed using the same
manufacturer brand-dnd type filler metal: ENiCrFe-2; ENiCrFe-3; ENiCrMo-3; ENiCrMo-4; ENiCrMo-6; ERNiCr-3;
ERNiCrMo-3; ERNiCrMo-4; SFA-5.4, E310-15 or 16.

(5) The following filler metals may be used without pre-use testing of each heat and/or lot provided that procedure
qualification.fmpact testing in accordance with 3.11.8 at the MDMT or colder is performed: ER308L, ER316L, and ER310
used with-the GTAW or PAW processes.

3.1¥4.6 Required Impact Testing for Vessel Production Test Plates.

(@) For welded construction, of duplex stainless steels, ferritic stainless steels and martensitic stainless steels, vessel
production impact tests in accordance with 3.11.8.4 are required if the welding procedure qualification requires impact
testing, unless otherwise exempted by the rules of this Division.

(b) For welded construction of austenitic stainless steels, vessel (production) impact tests in accordance with 3.11.8.4
are required unless exempted as follows in (1) and (2):

(1) At MDMTs of -104°C (-155°F) and warmer, vessel (production) impact tests are exempted, provided the impact
test exemption requirements for the applicable Weld Procedure Qualification in 3.11.4.4 are satisfied.
(2) At MDMTs colder than -104°C (-155°F) but no colder than -196°C (-320°F), vessel (production) impact tests

are nvnmpfndl prnvidnd the pre-use test requirements in 311458 are satisfied
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(3) At MDMTs colder than -196°C (-320°F), vessel (production) impact tests or ASTM E1820 J,. tests shall be con-
ducted in accordance with 3.11.4.1(c).

(c) Vessel Production Impact Testing for Autogeneous Welds in Austenitic Stainless Steels - For autogenous welds
(welded without filler metal) in austenitic stainless steels, vessel (production) impact tests are not required when all
of the following conditions are satisfied:

(1) The material is solution annealed after welding.
(2) The MDMT is not colder than -196°C (-320°F).

3.11.5 NONFERROUS ALLOYS

3.11.5.1 Nonferrous materials listed in Tables 3-A.4 through 3-A.7, together with deposited weld metal-within the
range of composition for material in that Table, do not undergo a marked drop in impact resistance at subzero tempera-
ture. Therefore, additional requirements are not specified for:

(a) Wrought aluminum alloys when they are used at temperature down to -269°C (-452°F);

(b) Copper and copper alloys, nickel and nickel alloys, and cast aluminum alloys when they aré used at temperatures
down to -198°C (-325°F); and

(c) Titanium or zirconium and their alloys used at temperatures down to -59°C (-75°F)¢

3.11.5.2 The nonferrous materials listed in Tables 3-A.4 through 3-A.7 may be used at lower temperatures than
those specified herein and for other weld metal compositions, provided the user satisfies himself by suitable test results
such as determinations of tensile elongation and sharp-notch tensile strength (compared to unnotched tensile strength)
that the material has suitable ductility at the design temperature.

3.11.6 BOLTING MATERIALS

3.11.6.1 Bolting Materials for Use With Flanges Designed to_4.16.

(a) Impact tests are not required for bolting materials listed in Tables 3.4, 3.5, 3.6, and 3.7 when used at MDMTs equal
to or warmer than those shown in these Tables.

(b) Bolting materials produced and impact tested in accotdance with the requirements of the specifications in (1)
through (4) are exempt from impact testing by the rules-ofithis Division at MDMTSs not more than 3°C (5°F) colder than
the test temperature required by the specification.

(1) SA-320

(2) SA-437

(3) SA-508 Grade 5 Class 2

(4) SA-540, except for materials produced under Table 2, note 4 in this specification

(c) Bolting materials to be used for celder temperatures than those shown in Tables 3.4 and 3.5 shall be impact tested.

When impact testing is performed

(1) for materials listed in Table 3.4, Charpy V-notch acceptance criteria in accordance with 3.11.2.1(b) shall be
applied

(2) for materials listed'in Table 3.5, Charpy V-notch acceptance criteria in accordance with 3.11.4.1(b) shall be
applied

3.11.6.2 Bolting Materials for Use With Flanges Designed to Part 5 of This Division. Impact testing is required for
the ferrous bolting.materials listed in Table 3-A.11 for use with flanges designed in accordance with Part 5 of this Divi-

sion. The average for three Charpy V-notch impact specimens shall be at least 41 ] (30 ft-1b), with the minimum value for
any individual specimen not less than 34 ] (25 ft-lb).

3.1K7 ,“TOUGHNESS TESTING PROCEDURES

3111.7.1 Test Procedures.

(a) Impact test procedures and apparatus shall conform to the applicable paragraphs of SA-370 or ISO 148 (Parts 1, 2,
and 3).

(b) The impact test temperature shall not be warmer than the MDMT [see 4.1.5.2(e)].

3.11.7.2 Test Specimens.

(a) Each set of impact tests shall consist of three specimens.

(b) The impact test specimens shall be of the Charpy V-notch type and shall conform in all respects to the specimen
requirements of SA-370 (for Type A specimens). The standard full-size (10 mm x 10mm) specimen, when obtainable,

(23)

shall be used, except that for materials that nnrmnl]y have absarbed energy in excess of 244 ] (1 30 ﬁ'-lh) when tested
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using full size specimens at the specified testing temperature, subsize (10 mm x 6.7 mm) specimens may be used in lieu
of full-size specimens. However, when this option is used, the acceptance value shall be 102 ] (75 ft-lb) minimum for
each specimen.

(c) For material from which full-size specimens cannot be obtained, either due to the material shape or thickness, the
specimens shall be either the largest possible subsize specimen obtainable or specimens of full material thickness which
may be machined to remove surface irregularities [the test temperature criteria of 3.11.7.5 shall apply for carbon and
low alloy materials having a specified minimum tensile strength less than 655 MPa (95 ksi) when the width along the
notch is less than 80% of the material thickness]. Alternatively, such material may be reduced in thickness to produce
the largest possible Charpy subsize specimen. Toughness tests are not required where the maximum obtainable Charpy
specimen has a width along the notch less than 2.5 mm (0.099 in.), but carbon steels too thin to impact test shall net be
used for design temperatures colder than -48°C (-55°F), subject to the exemptions provided by 3.11.2.9.

3.11.7.3 Product Forms.

(a) Impact test specimens of each product form shall be located and oriented in accordance with the requirements of
3.10.4.

(b) The manufacturer of small parts, either cast or forged, may certify a lot of not more than 20 duplicate parts by
reporting the results of one set of impact specimens taken from one such part selected at randony; provided the same
specification and heat of material and the same process of production, including heat treatment, were used for all of the
lot. When the part is too small to provide the three specimens of at least minimum size indieated in 3.11.7.2, then impact
test do not need to be performed [see 3.11.7.2(c)].

3.11.7.4 Certification of Compliance With Impact Test Requirements.
(a) Certified reports of impact tests by the materials manufacturer will be acceptable evidence that the material meets
the requirements of this paragraph, provided:
(1) The specimens taken are representative of the material deliveredfsee 3.11.7.3(a)] and the material is not sub-
jected to heat treatment during or following fabrication that will materially reduce its impact properties; or
(2) The materials from which the specimens are removed are heat treated separately such that they are represen-
tative of the material in the finished vessel.
(b) The Manufacturer of the vessel may have impact tests made’to prove the suitability of a material which the ma-
terials manufacturer has not impact tested, provided the number of tests and the method of taking the test specimens
shall be as specified for the materials manufacturer.

3.11.7.5 Impact Test Temperature Criteria. For all(Charpy impact tests, the following test temperature criteria shall
be observed.

(a) Materials of Thickness Equal to or Greater Than 10 mm (0.394 in.) - Where the largest obtainable Charpy V-notch
specimen has a width along the notch of at least 8 mm (0.315 in.), the Charpy test of such a specimen shall be conducted
at a temperature not warmer than the MDMT» Where the largest possible test specimen has a width along the notch less
than 8 mm (0.315 in.), the test shall be canducted at a temperature colder than the MDMT by the amount shown in Table
3.11 for the specimen width. Note that this requirement does not apply when the option of 3.11.7.2(b) is used.

(b) Materials With Thickness Less*Than 10 mm (0.394 in.) - Where the largest obtainable Charpy V-notch specimen
has a width along the notch of atdeast 80% of the material thickness, the Charpy test of such a specimen shall be con-
ducted at a temperature notwarmer than the MDMT. Where the largest possible test specimen has a width along the
notch of less than 80% of the'material thickness, the test for carbon steel and low alloy materials having a specified mini-
mum tensile strength of less than 655 MPa (95 ksi) shall be conducted at a temperature colder than the MDMT by an
amount equal to th¢ difference, see Table 3.11, between the temperature reduction corresponding to the actual material
thickness and the'temperature reduction corresponding to the Charpy specimen width actually tested. This requirement
does not apply-when the option of 3.11.7.2(b) is used. For Table 3-A.2, carbon and low alloy materials having a specified
minimum tensile strength greater than or equal to 655 MPa (95 ksi), for high alloy materials and quenched and tem-
pered material with enhanced tensile properties, the test shall be conducted at a temperature not warmer than the
MDMT.

3,11.7.6  Retests.
(a) Absorbed Energy Criteria - If the absorbed energy criteria are not met, retesting in accordance with the applicable
procedures of SA-370 shall be permitted.
(b) Lateral Expansion Criteria - retests shall be performed as follows:
(1) Retesting is permitted if the average value for three specimens equals or exceeds the value required.
(-a) For materials of Table 3-A.1 (carbon and low alloy steels) having specified minimum tensile strengths of
655 MPa (95 ksi) or greater, if the measured value of lateral expansion for one specimen in a group of three is less than

that rnnlnirpd in Fignrp 36
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(-b) For materials of Table 3-A.3 (high alloy steels) for MDMTs no colder than -196°C (-320°F), if the measured
value of lateral expansion for one specimen in a group of three is less than 0.38 mm (0.015 in.), but not less than
two-thirds of the value required.

(-c) For materials of Table 3-A.3 (high alloy steels) for for MDMTs colder than -196°C (-320°F), if the value of
lateral expansion for one specimen of a set is less than 0.53 mm (0.021 in.).

(-d) For materials of Table 3-A.2 (Q&T steel with enhanced strength properties), if the measured value of lateral
expansion for one specimen in a group of three is less than that required in Figure 3.6 but not less than two-thirds of thé
required value.

(2) The retest shall consist of three additional specimens. For materials of Table 3-A.1 (carbon and low alloy-steels)
having specified minimum tensile strengths of 655 MPa (95 ksi) or greater and for Table 3-A.2 (Q&T steels\with en-
hanced strength properties) materials, the retest value for each specimen must equal or exceed the valuerequired in
Figure 3.6. For materials of Table 3-A.3 (high alloy steels), the retest value for each specimen must equal or exceed
0.38 mm (0.015 in.) for MDMTs no colder than -196°C (-320°F). For MDMTs colder than -196°C (-320°F), see
3.11.2.1(b)(2) and 3.11.4.1(b).

(3) In the case of materials with properties enhanced by heat treatment, the material nidy be reheat treated and
retested if the required values are not obtained in the retest or if the values in the initial test are less than the values
required for retest. After reheat treatment, a set of three specimens shall be made; for aceéptance, the lateral expansion
of each of the specimens must equal or exceed the value required in Figure 3.6.

(c) When an erratic result is caused by a defective specimen or there is uncertainty-in the test procedure, a retest will
be allowed. When the option of 3.11.7.2(b) is used for the initial test and the acceptance of 102 ] (75 ft-lb) minimum is
not attained, a retest using full-size (10 mm x 10 mm) specimens will be allowed.

3.11.8 IMPACT TESTING OF WELDING PROCEDURES AND TEST PLATES OF FERROUS MATERIALS

3.11.8.1 Impact Tests.

(a) For steel vessels of welded construction, the impact toughness of welds and heat-affected zones of procedure qual-
ification test plates and vessel test plates (production<mpact test plates) shall be determined as required in this
paragraph.

(b) All test plates shall be subjected to heat treatment, including the aggregate time at temperature or temperatures as
established by the manufacturer for use in actual manufacture. Heat treatment requirements of 3.10.2, 3.10.4, and 6.4.2
shall apply to test plates, except that the provisiéns of 3.10.3.2 are not applicable to test plates for welds joining P-No. 3,
Groups 1 and 2 materials. For P-No. 1, Groups 'Yy 2, and 3 materials, impact testing of the welds and heat-affected zones of
the weld procedure qualification and production test plates need not be repeated when the fabrication heat treatment
differs from the heat treatment applied'to the test plates, provided the PWHT or simulated heat treatment cycles applied
to the test plates and the production welds were applied observing the holding temperatures and times specified in
Table 6.8 or the holding temperatures and times permitted in Table 6.16.

3.11.8.2 Weld Impact-Testing.

(a) The impact specimens shall be full size or the largest subsize Charpy V-notch specimens that can be obtained from
the material to be tested. The specimens shall be oriented so that the notch is perpendicular to the surface of the ma-
terial. Where the maximum obtainable specimen has a width along the notch less than 2.5 mm (0.099 in.), impact tests
are not required,

(b) Each_ set of weld metal specimens shall be tested using specimens taken transverse to the weld axis with the notch
in the weld\metal. One face of the specimen shall be within 1.5 mm (¥, in.) of the surface of the material except that the
specimens may be located at any depth when the weld has been postweld heat treated.

{c)-Each set of heat-affected zone specimens shall be tested using specimens taken transverse to the axis of the weld.
Specimens shall be of sufficient length to locate, after etching, the fusion line.

(1) When the material to be tested is less than 25 mm (1 in.) thick, the specimens shall be taken at the depth that
maximizes the amount of the heat-affected zone at the notch centerline. When the material to be tested is 25 mm (1 in.)
thick or thicker, the centerline of the specimens shall be located between one-half and one-quarter of the material thick-
ness below the surface. See Figure 3.16.

(2) The notch shall be normal to the material surface. Where the angle of the heat-affected zone is approximately
normal to the material surface, the notch centerline shall be approximately 1 mm (0.04 in.) from the fusion line. When
the heat-affected zone is at an angle to the material surface, the middle of the notch centerline shall be located approxi-

(23)

m:ah:]y 2. mm (ﬂ 08 in) from the fusion line as shown in Pignrn 317
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(d) For welds made by a solid-state welding process, such as for electric resistance-welded (ERW) pipe, the weld im-
pact tests shall consist only of one set of three specimens taken across the weld with the notch at the weld centerline.
Each specimen shall be oriented so that the notch is normal to the surface of the material and one face of the specimen
shall be within 1.5 mm (¥ in.) of the surface of the material.

(e) The test temperature for welds and heat-affected zones shall not be higher than for the base materials.

(f) Impact values shall be at least as high as those required for the base materials (see 3.11.2, 3.11.3, and 3.11.4, as
applicable).

(9) When qualifying a WPS for welding base metals having different impact testing requirements and acceptance cri*
teria, the following shall apply:

(1) The weld metal impact test specimens shall meet the acceptance criteria for either base metal.

(2) When HAZ tests are required, separate test specimens shall be removed from the HAZ of each base metal that
requires impact testing, and those specimens shall meet the acceptance criteria for the base metal from whiclithey were
removed.

3.11.8.3 Impact Tests of Welding Procedure Qualification Test Coupons.

(a) Welding procedure specifications shall be qualified with impact testing when base mate¥ials are required to be
impact tested, except as exempted by 3.11.4.4 and 3.11.2.10.

(b) If impact tests are required for the weld, but the base material is exempted from impact tests, the test coupon shall
be made from the same P-Number and Group number material as that of the vessel. TeSting of the weld metal shall be in
accordance with 3.11.8.2.

(c) Welding procedures used for fillet welds shall be qualified by a groove weld'test. The qualification test plate or
pipe material shall meet the requirements of 3.11.7 when impact testing is.a requirement.

(d) When impact testing is a requirement, the supplementary essential variables in Section IX, QW-250 and the fol-
lowing shall apply:
(1) The weld metal and heat-affected zones of the procedure qualification test coupons shall be tested in accordance
with 3.11.8.2.

(2) A joint design where only one side of the joint is beyéled'(i.e., a single- or double-bevel groove weld) should be
used to sample as much of the heat-affected zone as possible/ See Figure 3.17.

(e) For materials of Table 3-A.1 (carbon steel and low: alloy steel), the test plate material shall satisfy the following
requirements relative to the material to be used in/production:

(1) The test coupon material shall be in the¢same heat-treatment condition (as-rolled, normalized, quenched and
tempered, etc.) before welding as the vessel td be constructed. The heat-treatment condition shall be recorded on
the PQR and specified on the WPS. This requirement does not apply to P-No. 1, Gr. Nos. 1 and 2 materials except for
SA-737 and SA-841.

(2) The test coupon material shall meet the minimum toughness requirements 3.11.2, 3.11.3, and 3.11.4, as appli-
cable for the thickest material of the range of base material qualified by the procedure.

(f) Each welding process shalllbe qualified using impact tests. More than one set of specimens may be required to
satisfy this requirement and.3.11.8.2. Each process may be qualified using single- or multiprocess test coupons. If more
than one set of essential or'supplementary essential variables for a process is recorded on a procedure qualification re-
cord (e.g., a change in filler metal F-number), the requirements in (1) though (4) for multiprocess testing shall apply to
each set of essential or supplementary essential variables as if that set were a separate welding process. When more
than one welding process is included in a test coupon

(1) the specimens shall be full size or the largest subsize specimen that can be obtained based on the thickness of
the test coupon. The weld metal test specimens shall contain as much of the weld metal from each process as is practical.
When the.test coupon contains more than two welding processes, it is not possible to locate specimens within 1.5 mm
(Y16-i0.))of a surface. In this case, additional weld metal impact specimens shall be taken at the thickness where those
precesses are located.

(2) when specimens contain weld metal from more than one process, the test results apply to all those processes
contained in the specimens.

(3) heat-affected zone specimens shall be prepared from material that was removed at the thickness plane asso-
ciated with weld metal from each process. These specimens may contain material that was affected by the heat from
more than one welding process

(4) procedure qualifications that were made in accordance with the 2017 or later Edition where subsize specimens

were tested remain arr‘npf:\hlp
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3.11.8.4 Vessel Production Weld Impact Testing.

(a) When the base material or welding procedure qualification requires impact testing, impact tests of welds and heat-
affected zones shall be made for Category A and B joints in accordance with 3.11.8.2 and 3.11.8.3 for each qualified weld-
ing procedure followed on each vessel. The test plate shall be from one of the heats of steel used for the vessel or group
of vessels and shall be welded as an extension to the end of a production Category A joint where practicable, or welded
as close to the start of production welding as practicable, utilizing equipment, welding materials, and procedures which
are to be used on the production joint. The test plate shall also represent each welding process or welding process coms
bination used in production on Category A joints.

(b) For Category B joints that are welded following a different welding procedure than used on Category A joints}-a test
plate shall be welded under the production welding conditions used for the vessel, using the same type of equipment and
at the same location and following the same procedures as used for the joint, and it shall be welded concurrently with the
production welds or as close to the start of production welding as practicable. The test plate shall also_represent each
welding process or welding process combination used in production on Category B joints.

(c) Number of Vessel Impact Test Plates Required

(1) For each vessel, one test plate shall be made for each welding procedure used for joints-of Categories A and B,
unless the vessel is one of several as defined in (2). In addition, for Category A and B jointsythe following requirements
shall apply:

(-a) If automatic, machine, or semiautomatic welding is performed, a test plate\shall be made in each position
employed in the vessel welding.

(-b) If manual welding is also employed, a test plate shall be made in the flat position only, except if welding is to
be performed in other positions a test plate need be made in the vertical position only (where the major portions of the
layers of welds are deposited in the vertical upward direction). The vertically: welded test plate will qualify the manual
welding in all positions.

(2) For several vessels or parts of vessels, welded within any 3 menth period at one location, the plate thickness of
which does not vary by more than 6 mm (%, in.) or 25%, whicheveDis greater, and of the same specification and grade of
material, a test plate shall be made for each 122 m (400 ft) of\joints welded by the same procedure.

(d) If the vessel test plate fails to meet the impact requiréments, the welds represented by the test plate shall be un-
acceptable. Reheat treatment and retesting, or retesting-only, are permitted.

3.12 ALLOWABLE DESIGN STRESSES

The design stresses for materials permitted by this Division are given in Annex 3-A.

3.13 STRENGTH PARAMETERS

The strength parameters forimaterials permitted by this Division are given in Annex 3-D.

3.14 PHYSICAL PROPERTIES

The following physical properties for all permissible materials of construction are given in the tables referenced in
Annex 3-E,

(a) Young's Modulus

(b) Thermal Expansion Coefficient
{c)-Thermal Conductivity

(d) Thermal Diffusivity

3.15 DESIGN FATIGUE CURVES

Design fatigue curves for nonwelded and for welded construction are provided in Annex 3-F. As an alternative, the
adequacy of a part to withstand cyclic loading may be demonstrated by means of fatigue test following the requirements
of Annex 5-F. However, the fatigue test shall not be used as justification for exceeding the allowable values of primary or

primnry Ir_\lnc cnr‘nndnry stresses
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3.16 DESIGN VALUES FOR TEMPERATURES COLDER THAN -30°C (-20°F)

For design temperatures colder than -30°C (-20°F), the allowable design stress values and strength parameter values
to be used in design shall not exceed those given in the pertinent tables in Section II, Part D for -30°C to 40°C (-20°F
to 100°F), unless specifically addressed elsewhere in this Division.

3.17 NOMENCLATURE

Q
1

reference flaw depth
2c¢ = reference flaw length
E = joint efficiency (see Part 7) used in the calculation of ¢,. For castings, the quality factor or joint efficiency E,
whichever governs design, shall be used.
E" = E" equal to E except that E” shall not be less than 0.80, or E* = max[E, 0.80]
CA = corrosion allowance
MDMT = minimum design metal temperature
P, = applied pressure for the condition under consideration
= maximum allowable working pressure based on the design rules in this Division/of ASME/ANSI pressure-
temperature ratings
R.s = stress ratio defined as the stress for the operating condition under considerationdivided by the stress at the
design minimum temperature. The stress ratio may also be defined in termis of required and actual thick-
nesses, and for components with pressure-temperature ratings, the stress ratio is computed as the applied
pressure for the condition under consideration divided by the pressure rating at the MDMT.
S = allowable stress from Annex 3-A
S, = specified minimum yield strength
S = applied general primary stress
t = reference flaw plate thickness
t, = governing thickness
t, = nominal uncorroded thickness. For welded pipe where'd mill undertolerance is allowed by the material spec-
ification, the thickness after mill undertolerance has -been deducted shall be taken as the nominal thickness.
Likewise, for formed heads, the minimum speeified thickness after forming shall be used as the nominal
thickness.
t, = required thickness of the part under consideration in the corroded condition for all applicable loadings
Tr = reduction in MDMT based on available excess thickness

3.18 DEFINITIONS

The definitions for the terminology used'in this Part are contained in Annex 1-B.

Prating
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3.19 TABLES

Table 3.1
Material Specifications

Nominal Composition Type/Grade Specification Product Form
2Y,Cr-1Mo Grade F22, CL. 1 SA-182 Forgings
Grade F22, Cl. 3 SA-182 Forgings
Grade T22 SA-213 Smls. tube
Grade WC9 SA-217 Castings
Grade WP22, Cl. 1 SA-234 Smls. and wld/fittings
Grade P22 SA-335 Smls. pipe
Grade F22, CL. 1 SA-336 Forgings
Grade F22, CL. 3 SA-336 Forgings
Grade FP22 SA-369 Forged pipe
Grade 22,Cl. 1 SA-387 Plate
Grade 22, Cl. 2 SA-387 Plate
Grade 8, Cl. A SA-487 Castings
Grade 22, CL. 3 SA-508 Forgings
Grade 22, CI. 3 SA-541 Forgings
Type B, CI. 4 SA-542 Plates
Grade B22 SA-739 Bar
Grade 10CrMo9-10 SA/EN\10028-2 Plates
[Note (1)]
Grade 11CrMo9-10 SA/EN 10222-2 Forgings
[Note (1)]
2Y,Cr-1Mo-Y,V Grade F22V SA-182 Forgings
Grade F22V SA-336 Forgings
Grade 22V SA-541 Forgings
Type D, CI. 4a SA-542 Plates
Grade 22V SA-832 Plates
3Cr-1Mo-Y,V-Cb-Ca Grade F3¥Cb SA-182 Forgings
Grade3VCb SA-336 Forgings
Grade’3VCb SA-508 Forgings
Grade 3VCb SA-541 Forgings
Type E, Cl. 4a SA-542 Plates
Grade 23V SA-832 Plates
3Cr-1Mo-Y,V-Ti-B Grade F3V SA-182 Forgings
Grade F3V SA-336 Forgings
Grade 3V SA-508 Forgings
Grade 3V SA-541 Forgings
Type C, Cl. 4a SA-542 Plates
Grade 21V SA-832 Plates
NOTE:
(1) These materials shall be used only for Class 2 vessels.
Table 3.2
Composition Requirements for 2.25Cr-1Mo-0.25V Weld Metal
Welding
Process C Mn Si Cr Mo P S )\ Cb
SAW 0.05-0.15 0.50-1.30 0.05-0.35 2.00-2.60 0.90-1.20 0.015 max  0.015max  0.20-0.40  0.010-0.040
SMAW 0.05-0.15 0.50-1.30 0.20-0.50 2.00-2.60 0.90-1.20 0.015 max  0.015max  0.20-0.40  0.010-0.040
GTAW 0.05-0.15 0.30-1.10 0.05-0.35 2.00-2.60 0.90-1.20 0.015 max  0.015max  0.20-0.40  0.010-0.040
GMAW 0.05-0.15 0.30-1.10 0.20-0.50 2.00-2.60 0.90-1.20 0.015 max  0.015max  0.20-0.40  0.010-0.040

(23)
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(23)

Table 3.3

Toughness Requirements for 2.25Cr-1Mo Materials

Number of Specimens

Impact Energy, J ( ft-1b)

Average of 3
Only one in the set

54 (40)
48 (35)

GENERAL NOTE: Full size Charpy V-notch, transverse, tested at the MDMT.

Table 3.4

Low Alloy Bolting Materials for Use With Flanges Designed to 4.16

Material MDMT WithoutAmpact Testing,
Specification Material Type/Grade Diameter, mm ( in.) °C (°F)
Low Alloy Bolting
B5 Up to 102 (4), inclusive =29 (-20)
B7 64 (2%,) and under -48 (-55)
Over 64 to 102 (2% to 4), inclusive -40 (-40)
Over 102 to 178 (4 to 7), inclusive. -40 (-40)
SA-193
B7M 64 (2'%) and under -48 (-55)
B16 64 (2'%) and under -29 (-20)
Over 64 to 102 (2%, td 4),inclusive -29 (-20)
Over 102 to 178 (4.t0,7), inclusive -29 (-20)
L7 64 (2%,) and uhder See 3.11.6.1(b)
$A-320 L7 A Up to 64 (21%)Ainclusive See 3.11.6.1(b)
L7M 64 (2%,)%and under See 3.11.6.1(b)
L43 25/1) and under See 3.11.6.1(b)
SA-325 1 13)t0 38 (% to 1Y), inclusive -29 (-20)
SA-354 BC Up to 102 (4), -18 (0)
BD Up to 102 (4), inclusive -7 (+20)
SA-437 B4B, B4C All diameters See 3.11.6.1(b)
SA-449 Up to 76 (3), inclusive -29 (-20)
SA-508 5CL 2 All diameters See 3.11.6.1(b)
B21 All diameters Impact test is required
B23 CL. 1 &2 All diameters Impact test is required
B23 CL 3'& 4 Up to 152 (6), inclusive See 3.11.6.1(b)
Over 152 to 241 (6 to 9%), inclusive Impact test is required
B23 CL. 5 Up to 203 (8), inclusive See 3.11.6.1(b)
Over 203 to 241 (8 to 9%), inclusive Impact test is required
SA-540 B24 CL. 1 Up to 152 (6), inclusive See 3.11.6.1(b)
Over 152 to 203 (6 to 8), inclusive Impact test is required
B24 CI 2 Up to 178 (7), inclusive See 3.11.6.1(b)
Over 178 to 241 (7 to 9%), inclusive Impact test is required
B24CL. 3 &4 Up to 203 (8), inclusive See 3.11.6.1(b)
Over 203 to 241 (8 to 9%), inclusive Impact test is required
B24 CI. 5 Up to 241 (9%), inclusive See 3.11.6.1(b)
B24V CIL. 3 All diameters See 3.11.6.1(b)
Low Alloy Steel Nuts
SA-194 2,2H,2HM, 3,4,7,7M, 16 All diameters -48 (=55)
SA-540 B21, B23, B24, B24V All diameters -48 (-55)
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High Alloy Bolting Materials for Use With Flanges Designed to 4.16

Table 3.5

Material MDMT Without Impact Testing,
Specification Material Type/Grade Diameter, mm ( in.) °C (°F)

SA-193 B6 102 (4) and under -29 (-20)

B8 CI. 1 All diameters -254 (-425)

B8 CI. 2 Up to 38 (1%), inclusive Impact test is required

B8CCIL 1 All diameters -254 (-425)

B8C CI. 2 19 to 38 (0.75 to 1%), inclusive Impact test is required
SA-193 B8M CI. 1 All diameters -254 (-425)

B8M2 51 to 64 (2 to 2%), inclusive Impact test is tequired

B8MNA CI. 1A All diameters -196 (-320)

B8NA CI. 1A All diameters -196 (»320)

B8P CI. 1 All diameters Impact test is required

B8P CI. 2 Up to 38 (1%), inclusive Impact test is required

B8S, 88SA All diameters Impact test is required

B8T CI. 1 All diameters ~254 (-425)

B8T CI, 2 19 to 25 (¥, to 1), inclusive Impact test is required
SA-320 B8 CI. 1 All diameters See 3.11.6.1(b)

B8 CI. 2 Up to 25 (1), inclusive See 3.11.6.1(b)

B8A CI. 1A All diameters See 3.11.6.1(b)

B8CCL1&1A All diameters See 3.11.6.1(b)

B8C CI. 2 Up to 25 (1), inclusive See 3.11.6.1(b)

B8CA CI. 1A All diameters See 3.11.6.1(b)

B8F CI. 1 All diameters See 3.11.6.1(b)

B 8FA CI. 1A All diameters See 3.11.6.1(b)

B8M CI. 1 All diameters See 3.11.6.1(b)

B8M CI. 2 Up to 38,(3,), inclusive See 3.11.6.1(b)

B8MA CIL 1A All diameters See 3.11.6.1(b)

B8T CI. 1 Alldiameters See 3.11.6.1(b)

B8T CI. 2 Up to 38 (1%), inclusive See 3.11.6.1(b)

B8TA CIL. 1A All diameters See 3.11.6.1(b)
SA-453 651 CL.A&B All diameters Impact test is required

660 CLA&B All diameters -196 (-320)
SA-479 XM-19 Up to 8 (203), inclusive Impact test is required
SA-564 630 Up to 8 (203), inclusive. Impact test is required
SA-705 630 Up to 8 (203), inclusive. Impact test is required

Aluminum Alloy, Copper, and Copper Alloy Bolting Materials for Use With Flanges Designed to 4.16

Table 3.6

Material Specification

UNS

SB-98
SB-150
SB-187
SB-211

€65100, C65500, C66100
C€61400, C62300, C63000, C64200
C€10200, C11000

A92014, A92024, A96061

GENERAL NOTE: The MDMT for all bolting material listed in this Table is -196°C (-320°F).

(23)
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Table 3.7
Nickel and Nickel Alloy Bolting Materials for Use With Flanges Designed to 4.16
Material Specification UNS

SB-160 N02200, N02201

SB-164 N04400 N04405

SB-166 N06600

SB-335 N10001, N10665

SB-408 N08800, N08810

SB-425 N08825

SB-446 N06625

SB-572 N06002, R30556

SB-573 N10003

SB-574 N06022, N06455, N10276
SB-581 N06007, N06030, N06975
SB-621 NO08320

SB-637 N07718, NO7750

GENERAL NOTE: The MDMT for all bolting material listed in this Table is —196°C (-320°F).

Table 3.8
Bolting Materials for Use With Flanges Désigned to Part 5
Material Specification Material Grade
SA-193 B5, B6, B7, B7M, B8, B8C, B8M, BSMNA, B8NA, B8R, B8RA, B8S, B8SA, B8T, B16
SA-320 143
SA-437 B4B, B4C
SA-453 651, 660
SA-540 B21, B22, 823,\B24, B24V
SA-564 630
SA-705 630
SB-164 N04400, N04405
SB-637 N07718, NO7750

GENERAL NOTE: See 3.11.6.2 for impact testing requirements.

Table 3.9
Maximum Severity Levels for Castings With a Thickness of Less Than 50 mm (2 in.)
Imperfection\Category Thickness <25 mm (1 in.) Thickness 25 mm < 50 mm (1 in. < 2 in.)
A - Gas porosity 1 2
B - Sand and slag 3
C - Shrinkage-(four types) 1 3
D - Cracks 0 0
E - Hot tears 0 0
F - Inserts 0 0
G < Mottling 0 0
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Table 3.10
Maximum Severity Levels for Castings With a Thickness of 50 mm to 305 mm (2 in. to 12 in.)
Thickness 50 mm to 115 mm Thickness >115 mm to 305 mm
Imperfection Category (2 in. to 4%, in.) (>4", in. to 12 in.)
A - Gas porosity 2 2
B - Sand and slag inclusions 2 2
C - Shrinkage - Type 1 1 2
C - Shrinkage - Type 2 2 2
C - Shrinkage - Type 3 3 2
D - Cracks 0 0
E - Hot tears 0 0
Table 3.11

Charpy Impact Test Temperature Reduction Below the Minimum Desigh Metal Temperature

Actual Material Thickness [See 3.11.7.5(b)] or Charpy Impact

Specimen Width Along the Notch Temperature Reduction

mm in. °C °F

10 (full-size standard bar) 0.394 0 0
9 0.354 0 0
8 0.315 0 0
7.5 (3, size bar) 0.295 3 5
7 0.276 4 8
6.65 (%5 size bar) 0.262 6 10
6 0.236 8 15
5 (Y, size bar) 0.197 11 20
4 0.158 17 30
3.33 (Y, size bar) 0.131 19 35
3 0.118 22 40
2.5 (Y4 size bar) 0.099 28 50

GENERAL NOTES:

(a) Straight line interpolation for intermediate values is permitted.

(b) For carbon and low alloy materials having a specified minimum tensile strength of less than 655 MPa (95 ksi) when the subsize Charpy
impact width is less than 80% of\the material thickness.

Table 3.12
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels
as a Function of the Minimum Specified Yield Strength — Welded Parts Not Subject to PWHT
(See Figures 3.3 and 3.3M)

CVN, () CVN, (ft-1b)
Thickness, Specified Minimum Yield Strength, MPa Thickness, Specified Minimum Yield Strength, ksi

mm 205 260 345 450 550 in. 30 38 50 65 80

6 27 27 27 27 27 0.25 20 20 20 20. 20
10 27 27 27 27 31 0.375 20 20 20 20 23
13 27 27 27 27 36 0.5 20 20 20 20 27
16 27 27 27 29 43 0.625 20 20 20 21 32
19 27 27 27 34 51 0.75 20 20 20 25 37
25 27 27 27 45 62 1 20 20 20 33 46
32 27 27 34 53 72 1.25 20 20 25 39 53
38 27 27 40 61 82 1.5 20 20 30 45 60

GENERAL NOTE: The Charpy V-notch values given in this table represent a smooth curve in Figures 3.3 and 3.3M.

(23)
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Table 3.13
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels
as a Function of the Minimum Specified Yield Strength — Welded Parts Subject to PWHT or
Nonwelded Parts (See Figures 3.4 and 3.4M)

CVN, J CVN, ft-1b
Thickness, Specified Minimum Specified Yield Strength, MPa Thickness, Specified Minimum Specified Yield Strength, ksi

mm 205 260 345 450 550 in. 30 38 50 65 80
6 27 27 27 27 27 0.25 20 20 20 20 20
10 27 27 27 27 27 0.375 20 20 20 20 20
13 27 27 27 27 27 0.5 20 20 20 20 20
16 27 27 27 27 27 0.625 20 20 20 20 20
19 27 27 27 27 27 0.75 20 20 20 20 20
25 27 27 27 27 27 1 20 20 20 20 20
32 27 27 27 27 34 1.25 20 20 20 20 25
38 27 27 27 27 40 1.5 20 20 20 20 30
44 27 27 27 31 47 1.75 20 20 20 23 35
51 27 27 27 35 52 2 20 20 20 26 38
57 27 27 27 40 56 2.25 20, 20 20 29 41
64 27 27 27 43 60 2.5 20 20 20 32 44
70 27 27 29 46 64 2.75 20 20 21 34 47
76 27 27 31 49 68 3 20 20 23 36 50
83 27 27 33 52 71 3.25 20 20 25 38 52
89 27 27 35 54 74 35 20 20 26 40 54
95 27 27 37 56 76 3.75 20 20 27 42 56
102 27 27 38 58 78 4 20 20 28 43 58.
108 27 27 39 59 80 4.25 20 20 29 44 59
114 27 27 40 60 81 45 20 20 29 45 60
121 27 27 40 61 82 4.75 20 20 30 45 60
127 27 27 41 61 82 5 20 20 30 45 61
133 27 27 41 61 82 5.25 20 20 30 45 61
140 27 27 41 61 82 5.5 20 20 30 45. 61
146 27 27 41 61 82 5.75 20 20 30 45 61
152 27 27 4F 61 82 6 20 20 30 45 61
159 27 27 41 61 82 6.25 20 20 30 45 61
165 27 27 41 61 82 6.5 20 20 30 45 61
171 27 27 41 61 82 6.75 20 20 30 45 61
178 27 27 41 61 82 7 20 20 30 45 61

GENERAL NOTE: The Chaxpy V-notch values given in this table represent a smooth curve in Figures 3.4 and 3.4M.
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Table 3.14
Impact Test Exemption Curves — Parts Not Subject to PWHT (See Figures 3.7 and 3.7M)
Thickness, Exemption Curve, °C Thickness, Exemption Curve, °F

mm A B C D in. A B C D
0 20.5 -0.6 -21.7 -36.1 0 68.9 30.9 -7.1 -33.1
10 20.5 -0.6 -21.7 -36.1 0.394 68.9 30.9 -7.1 -33.1
13 229 1.8 -19.3 -33.7 0.5 733 353 -2.7 -28.7
16 26.3 5.1 -16.0 -30.4 0.625 79.3 41.3 33 5227
19 29.6 8.5 -12.6 -27.1 0.75 85.3 47.3 9.3 -16.7
25 35.2 14.1 -7.0 -21.4 1 95.4 57.4 194 -6.6
32 39.7 18.6 -2.6 -17.0 1.25 103.4 65.4 274 1.4
38 43.4 22.3 1.2 -13.2 1.5 110.2 72.2 34.2 8.2

GENERAL NOTE: The Charpy V-notch values given in this table represent a smooth curve in Figures3.7 and 3.7M.

Table 3.15
Impact Test Exemption Curves — Parts Subject to PWHT and Nonwelded Parts (See Figures 3.8 and
3.8M)
Thickness, Exemption Curve, °C Thickiness, Exemption Curve, °F
mm A B C D in. A B C D

0 0.6 -205 -416 -483 0 33.2 -4.8 -42.8 -55.0
10 0.6 -20.5 -41.6 -48.3 0.394 33.2 -4.8 -42.8 -55.0
13 3.8 -17.3 -38.4 -4843 0.5 38.9 0.9 -37.1 -55.0
16 7.9 -13.2 -34.3 -18.3 0.625 462 8.2 -29.8 -55.0
19 11.7 -9.4 -30.5 -45.0 0.75 53.0 15.0 -23.0 -49.0
25 17.5 -3.6 -24.7 -39.2 1 63.5 25.5 -12.5 -38.5
32 21.7 0.5 -20:6 -35.0 1.25 71.0 33.0 -5.0 -31.0
38 24.9 3.8 2473 -31.8 15 76.8 38.8 0.8 -25.2
44 27.7 6.6 ~14.6 -29.0 1.75 81.8 43.8 5.8 -20.2
51 30.1 9.0 -12.1 -26.5 2 86.2 48.2 10.2 -15.8
57 32.4 11.3 -9.9 -24.3 2.25 90.3 52.3 14.3 -11.7
64 34.4 13.3 -7.8 -22.3 2.5 93.9 55.9 17.9 -8.1
70 36.2 15.1 -6.0 -20.5 2.75 97.2 59.2 21.2 -4.8
76 37.8 16.7 -4.4 -18.9 3 100.0 62.0 24.0 -2.0
83 39.2 18.1 -3.0 -17.5 3.25 102.6 64.6 26.6 0.6
89 40:4 19.3 -1.8 -16.3 3.5 104.7 66.7 28.7 2.7
95 41.4 20.3 -0.8 -15.3 3.75 106.5 68.5 30.5 4.5
102 42.2 21.1 -0.1 -14.5 4 107.9 69.9 319 5.9

GENERAL NOTE: The Charpy V-notch values given in this table represent a smooth curve in Figures 3.8 and 3.8M.
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Table 3.16
Reduction in the MDMT, T, Without Impact Testing — Parts Not Subject to PWHT (See Figures 3.12
and 3.12M)
Tg, °C Tg, °F
Specified Minimum Yield Strength, MPa Specified Minimum Yield Strength, ksi
Stress or Thickness >345 MPa >50 ksi
Ratio <345 MPa <450 MPa <50 Kksi <65 Kksi
1.000 0.0 0.0 0.0 0.0
0.940 2.7 2.5 49 4,5
0.884 5.2 4.7 9.3 8%
0.831 7.3 6.6 13.2 11.9
0.781 9.3 8.4 16.7 15.1
0.734 111 10.0 20.0 18.1
0.690 12.8 11.5 23.0 20.8
0.648 14.3 13.0 25.8 233
0.610 15.8 14.3 28.5 25.7
0.573 17.2 15.5 31.0 27.9
0.539 18.5 16.7 33.3 30.0
0.506 19.7 17.7 35.5 31.9
0.476 20.9 18.8 37.6 33.8
0.447 22.0 19.7 39.6 35.5
0.421 231 20.6 415 37.1
0.395 24.0 21.5 43.3 38.7
0.372 25.0 22.3 45.0 40.1
0.349 25.9 23.1 46.6 41.5
0.328 26.7 23.8 48.1 42.8
0.309 27.5 245 49.6 44.0
0.2908 28.3 25.1 50.9 45.2
0.273 29.0 25.7 52.2 46.3
0.256 29.7 26.3 53.5 473
0.241 30.4 26.8 54.6 48.3

GENERAL NOTE: The temperature reduction values given in this table represent a smooth curve in Figures 3.12 and 3.12M.
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Table 3.17

Reduction in the MDMT, T, Without Impact Testing — Parts Subject to PWHT and Nonwelded Parts

(See Figures 3.13 and 3.13M)

Tr, °C Tr, °F
Specified Minimum Yield Strength, MPa Specified Minimum Yield Strength, ksi
Stress or Thickness >345 MPa >50 ksi

Ratio <345 MPa <450 MPa <50 ksi <65 Kksi
1.000 0.0 0.0 0.0 0:0
0.940 3.0 2.6 5.4 4.6
0.884 5.9 5.0 10.6 8.9
0.831 8.7 7.3 15.6 13.1
0.781 11.5 9.5 20.7 17.2
0.734 14.3 11.7 25.8 21.1
0.690 17.3 13.9 31.1 25.0
0.648 20.3 16.1 36.5 29.0
0.610 23.5 18.3 42.2 329
0.573 26.9 20.5 484 36.8
0.539 30.6 22.7 55.0 40.9
0.506 34.7 25.0 62.5 45.0
0.476 39.5 27.3 71.1 49.2
0.447 453 29.8 81.6 53.6
0.421 52.9 32.3 95.2 58.1
0.395 35.0 62.9
0.372 378 68.1
0.349 40.9 73.6
0.328 44.3 79.7
0.309 48.0 86.4
0.290 52.3 94.2
0.273

0.256

0.241

GENERAL NOTE: The temperature reduction values given in this table represent a smooth curve in Figures 3.13 and 3.13M.

Required HAZ Impact Test Specimen Set Removal

Table 3.18

DELETED

(23)
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3.20 FIGURES

Heat Treatment Temperature —— p

<4——— Minimum hold time

Figure 3.1
Cr-Mo Heat Treatment Criteria

<——— 14°C (25°F) max.

-4——— Maximum hold time

0.2 x min.
hold time

orless

Condition B

@L— Maximum
temperature

_____ T-------------% 4—————— Condition A

~—— 0.2 x max. hold
time or less

4—— Minimum

temperature

Heat Temperature Hold Time —p»
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Figure 3.2

Typical Locations for Tensile Specimens

Tension test specimen

Tension test
specimen

i N

\_/’-

R

GENERAL NOTE: These details are not permissible if machined from plate unless the xéquirements of 3.9 are satisfied.
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Figure 3.3
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels as
a Function of the Minimum Specified Yield Strength — Welded Parts Not Subject to PWHT
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Maximum Nominal Thickness of Material or Weld, in.

GENERAL NOTES:

(a) Interpolation between yield strength values is permitted.

(b) The minimum impact energy for one specimen shall not be less than two-thirds of the average impact energy required for three
specimens.

(c) Materials produced and impact tested in accordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, SA-437, SA-508 Grade 5
Class 2, SA-540 (except for materials produced“under Table 2, Note 4 in the specification), SA-723, and SA-765 do not have to satisfy
these energy values. Materials produced %o these specifications are acceptable for use at a minimum design metal temperature not
colder than the test temperature when, the energy values required by the applicable specification are satisfied.

(d) If the material specified minimum tensile strength is greater than or equal to 655 MPa (95 ksi), then the material toughness require-
ments shall be in accordance with’3.11.2.1(b)(2).

(e) Data of Figures 3.3 and 3.3M are shown in Table 3.12.

NOTE:

(1) See 3.11.2.1(b)(1) for,Charpy V-notch specimen thicknesses less than 10 mm (0.394 in.).
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Figure 3.3M
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels as
a Function of the Minimum Specified Yield Strength — Welded Parts Not Subject to PWHT
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GENERAL NOTES:

(a) Interpolation between yield strength values is\permitted.

(b) The minimum impact energy for one specimien shall not be less than two-thirds of the average impact energy required for three
specimens.

(c) Materials produced and impact tested Tn'accordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, SA-437, SA-508 Grade 5
Class 2, SA-540 (except for materials¢produced under Table 2, Note 4 in the specification), SA-723, and SA-765 do not have to satisfy
these energy values. Materials produced to these specifications are acceptable for use at a minimum design metal temperature not
colder than the test temperatuire when the energy values required by the applicable specification are satisfied.

(d) If the material specified minithum tensile strength is greater than or equal to 655 MPa (95 ksi), then the material toughness require-
ments shall be in accordance with 3.11.2.1(b)(2).

(e) Data of Figures 3.3 and.3.3M are shown in Table 3.12.

NOTE:
(1) See 3.11.2.1fb)(1}) for Charpy V-notch specimen thicknesses less than 10 mm (0.394 in.).

(23)

101


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

3.20 ASME BPVC.VIIL.2-2023

(23)

Figure 3.4
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels as
a Function of the Minimum Specified Yield Strength — Welded Parts Subject to PWHT or Nonwelded

Parts
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GENERAL NOTES:

(a) Interpolation between yield strength values ispermitted.

(b) The minimum impact energy for one specimen‘shall not be less than two-thirds of the average impact energy required for three
specimens.

(c) Materials produced and impact testedsifmaccordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, SA-437, SA-508 Grade 5
Class 2, SA-540 (except for materials, produced under Table 2, Note 4 in the specification), SA-723, and SA-765 do not have to satisfy
these energy values. Materials produiced to these specifications are acceptable for use at a minimum design metal temperature not
colder than the test temperature.when the energy values required by the applicable specification are satisfied.

(d) If the material specified minimum tensile strength is greater than or equal to 655 MPa (95 ksi), then the material toughness require-
ments shall be in accordance’ with 3.11.2.1(b)(2).

(e) Data of Figures 3.4 and'3:4M are shown in Table 3.13.

(f) See 3.11.2.1(b)(1)-for €harpy V-notch specimen thicknesses less than 10 mm (0.394 in.).
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Figure 3.4M
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels as
a Function of the Minimum Specified Yield Strength — Welded Parts Subject to PWHT or Nonwelded

Parts
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GENERAL NOTES:

(a) Interpolation between yield strength values isspermitted.

(b) The minimum impact energy for one spéecimen shall not be less than two-thirds of the average impact energy required for three
specimens.

(c) Materials produced and impact tested’'in accordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, SA-437, SA-508 Grade 5
Class 2, SA-540 (except for materials produced under Table 2, Note 4 in the specification), SA-723, and SA-765 do not have to satisfy
these energy values. Materials\produced to these specifications are acceptable for use at a minimum design metal temperature not
colder than the test temperature when the energy values required by the applicable specification are satisfied.

(d) If the material specified niinimum tensile strength is greater than or equal to 655 MPa (95 ksi), then the material toughness require-
ments shall be in acéordance with 3.11.2.1(b)(2).

(e) Data of Figures 3:4-and 3.4M are shown in Table 3.13.

(f) See 3.11.2.1(b)(1¥ for Charpy V-notch specimen thicknesses less than 10 mm (0.394 in.).

(23)
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Figure 3.5
Illustration of Lateral Expansion in a Broken Charpy V-Notch Specimen
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C, Lateral Expansion, mm
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(23) Figure 3.7
Impact Test Exemption Curves — Welded Parts Not Subject to PWHT
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Curve Material Assignment
A (a) All carbon and all low alloy steel plates, structural shapes, and bars not listed in Curves B, C, and D below
(b) SA-216 Grades WCB and WCC jfiformalized and tempered or water-quenched and tempered; SA -217 Grade WC6 if normalized and
tempered or water-quenched\and tempered
(c) A/SA-105 forged flanges-supplied in the as-forged condition
B (a) SA-216 Grades WCA lif'normalized and tempered or water-quenched and tempered; Grades WCB and WCC for thicknesses not
exceeding 50 mng (2 in.) if produced to a fine grain practice and water-quenched and tempered
(b) SA-217 Grade WE9 if normalized and tempered
(c) SA-285 Grddes A and B
(d) SA-299
(e) SA-414-Grade A
(). SA:515 Grades 60
(9)."SA-516 Grades 65 and 70 if not normalized
(h) SA-662 Grade B if not normalized
(i) SA/EN 10028-2 Grade P355GH as-rolled
(j) Except for cast steels, all materials of Curve A if produced to fine grain practice and normalized which are not listed for Curve C and D
below
(k) Pipe; fittings; forgings; A/SA-105 forged flanges that are produced to fine grain practice and normalized, normalized and tempered,
or quenched and tempered after forging; and tubing not listed for Curves C and D below
() Parts permitted from 3.2.8 shall be included in Curve B even when fabricated from plate that otherwise would be assigned to a
different curve.
C (a) SA-182 Grades F21 and F22 if normalized and tempered
(b) SA-302 Grades C and D
(c) SA-336 Grades F21 and F22 if normalized and tempered, or liquid quenched and tempered
(d) SA-387 Grades 21 and 22 if normalized and fpmpnrpd ar liqnirl r}npnrhpd and fpmpnrpd
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Figure 3.7
Impact Test Exemption Curves — Welded Parts Not Subject to PWHT (Cont'd)

Curve Material Assignment

(e) SA-516 Grades 55 and 60 if not normalized

(f) SA-533 Types B and C, Class 1

(g) SA-662 Grade A

(h) SA/EN 10028-2 Grade 10CrMo09-10 if normalized and tempered

(i) All materials listed in (a) through (i) and in (k) for Curve B if produced to fine grain practice and normalized, normalized and
tempered, or liquid quenched and tempered as permitted in the material specification, and not listed for Curve D(below

D (a) SA-203

(b) SA-299 if normalized

(c) SA-508 Class 1

(d) SA-516 if normalized

(e) SA-524 Classes 1 and 2

(f) SA-537 Classes 1, 2, and 3

(g) SA-612 if normalized; except that the increased Cb limit in the footnote of Table 1 of SA-20-is not permitted

(h) SA-662 if normalized

(i) SA-738 Grade A

(j) SA-738 Grade A with Cb and V deliberately added in accordance with the provi§ions of the material specification, not colder than
-29°C (-20°F)

(k) SA-738 Grade B not colder than -29°C (-20°F)

(1) SA/EN 10028-2 Grade P355GH if normalized [See General Note (d)(3)]

GENERAL NOTES:
(a) Castings not listed as Curve A and B shall be impact tested.
(b) For bolting see 3.11.6.
(c) When a class or grade is not shown in a material assignment, alhclasses and grades are indicated.
(d) The following apply to all material assignments:
(1) Cooling rates faster than those obtained in air, followed’by tempering, as permitted by the material specification, are considered
equivalent to normalizing and tempering heat treatmehts.
(2) Fine grain practice is defined as the procedures.necessary to obtain a fine austenitic grain size as described in SA-20.
(3) Normalized rolling condition is not considered as being equivalent to normalizing.
(e) Data of Figures 3.7 and 3.7M are shown in Table,3.14.
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(23) Figure 3.7M
Impact Test Exemption Curves — Welded Parts Not Subject to PWHT
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Curve Material Assignment
A (a) All carbon and all low alloy steel¢plates, structural shapes, and bars not listed in Curves B, C, and D below
(b) SA-216 Grades WCB and WCC\if normalized and tempered or water-quenched and tempered; SA -217 Grade WC6 if normalized and
tempered or water-quenched and tempered
(c) A/SA-105 forged flanges supplied in the as-forged condition
B (a) SA-216 Grades WGA if normalized and tempered or water-quenched and tempered; Grades WCB and WCC for thicknesses not
exceeding 50 mry (2 in.) if produced to a fine grain practice and water-quenched and tempered
(b) SA-217 Grade*WC9 if normalized and tempered
(c) SA-285"Grades A and B
(d) SA-299
(e) SA-414 Grade A
G\ SA-515 Grades 60
[¢) SA-516 Grades 65 and 70 if not normalized
(h) SA-662 Grade B if not normalized
(i) SA/EN 10028-2 Grade P355GH as-rolled
(j) Except for cast steels, all materials of Curve A if produced to fine grain practice and normalized which are not listed for Curve C and D
below
(k) Pipe; fittings; forgings; A/SA-105 forged flanges that are produced to fine grain practice and normalized, normalized and tempered,
or quenched and tempered after forging; and tubing not listed for Curves C and D below
(1) Parts permitted from 3.2.8 shall be included in Curve B even when fabricated from plate that otherwise would be assigned to a
different curve.
C (a) SA-182 Grades F21 and F22 if normalized and tempered
(b) SA-302 Grades C and D
(c) SA-336 Grades F21 and F22 if normalized and tempered, or liquid quenched and tempered
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Figure 3.7M
Impact Test Exemption Curves — Welded Parts Not Subject to PWHT (Cont'd)

Curve Material Assignment

(d) SA-387 Grades 21 and 22 if normalized and tempered, or liquid quenched and tempered

(e) SA-516 Grades 55 and 60 if not normalized

(f) SA-533 Types B and C, Class 1

(g) SA-662 Grade A

(h) SA/EN 10028-2 Grade 10CrMo9-10 if normalized and tempered

(i) All materials listed in (a) through (i) and in (k) for Curve B if produced to fine grain practice and normalized,(nofmalized and
tempered, or liquid quenched and tempered as permitted in the material specification, and not listed for Curve d’below

D (a) SA-203
(b) SA-299
(c) SA-508 Class 1
(d) SA-516 if normalized
(e) SA-524 Classes 1 and 2
(f) SA-537 Classes 1, 2, and 3
(g) SA-612 if normalized; except that the increased Cb limit in the footnote of Table 1 of SA-20 is not permitted
(h) SA-662 if normalized
(i) SA-738 Grade A
(j) SA-738 Grade A with Cb and V deliberately added in accordance with the previsions of the material specification, not colder than
-29°C (-20°F)
(k) SA-738 Grade B not colder than -29°C (-20°F)
(1) SA/EN 10028-2 Grade P355GH if normalized [See General Note (d)(3)}

GENERAL NOTES:
(a) Castings not listed as Curve A and B shall be impact tested.
(b) For bolting see 3.11.6.
(c) When a class or grade is not shown in a material assignment,.all’ classes and grades are indicated.
(d) The following apply to all material assignments:
(1) Cooling rates faster than those obtained in air, folowed by tempering, as permitted by the material specification, are considered
equivalent to normalizing and tempering heat treatments.
(2) Fine grain practice is defined as the procedudres necessary to obtain a fine austenitic grain size as described in SA-20.
(3) Normalized rolling condition is not considered as being equivalent to normalizing.
(e) Data of Figures 3.7 and 3.7M are shown in, Table 3.14.

109


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

3.20 ASME BPVC.VIIL.2-2023
(23) Figure 3.8
Impact Test Exemption Curves — Welded Parts Subject to PWHT and Nonwelded Parts
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Curve Material Assignment
A (a) All carbon and all low alloy steel¢plates, structural shapes, and bars not listed in Curves B, C, and D below
(b) SA-216 Grades WCB and WCC\if normalized and tempered or water-quenched and tempered; SA -217 Grade WC6 if normalized and
tempered or water-quenched and tempered
(c) A/SA-105 forged flanges supplied in the as-forged condition
B (a) SA-216 Grades WGA if normalized and tempered or water-quenched and tempered; Grades WCB and WCC for thicknesses not
exceeding 50 mry (2 in.) if produced to a fine grain practice and water-quenched and tempered
(b) SA-217 Grade*WC9 if normalized and tempered
(c) SA-285"Grades A and B
(d) SA-299
(e) SA-414 Grade A
G\ SA-515 Grades 60
[¢) SA-516 Grades 65 and 70 if not normalized
(h) SA-662 Grade B if not normalized
(i) SA/EN 10028-2 Grade P355GH as-rolled
(j) Except for cast steels, all materials of Curve A if produced to fine grain practice and normalized which are not listed for Curve C and D
below
(k) Pipe; fittings; forgings; A/SA-105 forged flanges that are produced to fine grain practice and normalized, normalized and tempered,
or quenched and tempered after forging; and tubing not listed for Curves C and D below
(1) Parts permitted from 3.2.8 shall be included in Curve B even when fabricated from plate that otherwise would be assigned to a
different curve.
C (a) SA-182 Grades F21 and F22 if normalized and tempered
(b) SA-302 Grades C and D
(c) SA-336 Grades F21 and F22 if normalized and tempered, or liquid quenched and tempered
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Figure 3.8
Impact Test Exemption Curves — Welded Parts Subject to PWHT and Nonwelded Parts (Cont'd)

Curve Material Assignment

(d) SA-387 Grades 21 and 22 if normalized and tempered, or liquid quenched and tempered

(e) SA-516 Grades 55 and 60 if not normalized

(f) SA-533 Types B and C, Class 1

(g) SA-662 Grade A

(h) SA/EN 10028-2 Grade 10CrMo9-10 if normalized and tempered

(i) All materials listed in (a) through (i) and in (k) for Curve B if produced to fine grain practice and normalized,(nofmalized and
tempered, or liquid quenched and tempered as permitted in the material specification, and not listed for Curve d’below

D (a) SA-203

(b) SA-299 if normalized

(c) SA-508 Class 1

(d) SA-516 if normalized

(e) SA-524 Classes 1 and 2

(f) SA-537 Classes 1, 2, and 3

(g) SA-612 if normalized; except that the increased Cb limit in the footnote of Table 1 of SA-20 is not permitted

(h) SA-662 if normalized

(i) SA-738 Grade A

(j) SA-738 Grade A with Cb and V deliberately added in accordance with the previsions of the material specification, not colder than
-29°C (-20°F)

(k) SA-738 Grade B not colder than -29°C (-20°F)

(1) SA/EN 10028-2 Grade P355GH if normalized [See General Note (d)(3)}

GENERAL NOTES:
(a) Castings not listed as Curve A and B shall be impact tested.
(b) For bolting see 3.11.6.
(c) When a class or grade is not shown in a material assignment,.all’ classes and grades are indicated.
(d) The following apply to all material assignments:
(1) Cooling rates faster than those obtained in air, folowed by tempering, as permitted by the material specification, are considered
equivalent to normalizing and tempering heat treatments.
(2) Fine grain practice is defined as the procedudres necessary to obtain a fine austenitic grain size as described in SA-20.
(3) Normalized rolling condition is not considered as being equivalent to normalizing.
(e) Data of Figures 3.8 and 3.8M are shown in, Table 3.15.
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(23)

Curve

Minimum Design Metal Temperature, °C

Figure 3.8M
Impact Test Exemption Curves — Welded Parts Subject to PWHT and Nonwelded Parts

60

o

Nominal:Governing Thickness, mm

Material Assignment

(a) All carbon and all low alloy steel¢plates, structural shapes, and bars not listed in Curves B, C, and D below

(b) SA-216 Grades WCB and WCC\if normalized and tempered or water-quenched and tempered; SA -217 Grade WC6 if normalized and
tempered or water-quenched and tempered

(c) A/SA-105 forged flanges supplied in the as-forged condition

(a) SA-216 Grades WGA if normalized and tempered or water-quenched and tempered; Grades WCB and WCC for thicknesses not
exceeding 50 mry (2 in.) if produced to a fine grain practice and water-quenched and tempered

(b) SA-217 Grade*WC9 if normalized and tempered

(c) SA-285"Grades A and B

(d) SA-299

(e) SA-414 Grade A

G\ SA-515 Grades 60

[¢) SA-516 Grades 65 and 70 if not normalized

(h) SA-662 Grade B if not normalized

(i) SA/EN 10028-2 Grade P355GH as-rolled

(j) Except for cast steels, all materials of Curve A if produced to fine grain practice and normalized which are not listed for Curve C and D
below

(k) Pipe; fittings; forgings; A/SA-105 forged flanges that are produced to fine grain practice and normalized, normalized and tempered,
or quenched and tempered after forging; and tubing not listed for Curves C and D below

(1) Parts permitted from 3.2.8 shall be included in Curve B even when fabricated from plate that otherwise would be assigned to a
different curve.

(a) SA-182 Grades F21 and F22 if normalized and tempered

(b) SA-302 Grades C and D
(c) SA-336 Grades F21 and F22 if normalized and tempered, or liquid quenched and tempered
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Figure 3.8M
Impact Test Exemption Curves — Welded Parts Subject to PWHT and Nonwelded Parts (Cont'd)

Curve Material Assignment

(d) SA-387 Grades 21 and 22 if normalized and tempered, or liquid quenched and tempered

(e) SA-516 Grades 55 and 60 if not normalized

(f) SA-533 Types B and C, Class 1

(g) SA-662 Grade A

(h) SA/EN 10028-2 Grade 10CrMo9-10 if normalized and tempered

(i) All materials listed in (a) through (i) and in (k) for Curve B if produced to fine grain practice and normalized,(nofmalized and
tempered, or liquid quenched and tempered as permitted in the material specification, and not listed for Curve d’below

D (a) SA-203

(b) SA-299 if normalized

(c) SA-508 Class 1

(d) SA-516 if normalized

(e) SA-524 Classes 1 and 2

(f) SA-537 Classes 1, 2, and 3

(g) SA-612 if normalized; except that the increased Cb limit in the footnote of Table 1 of SA-20 is not permitted

(h) SA-662 if normalized

(i) SA-738 Grade A

(j) SA-738 Grade A with Cb and V deliberately added in accordance with the previsions of the material specification, not colder than
-29°C (-20°F)

(k) SA-738 Grade B not colder than -29°C (-20°F)

(1) SA/EN 10028-2 Grade P355GH if normalized [See General Note (d)(3)}

GENERAL NOTES:
(a) Castings not listed as Curve A and B shall be impact tested.
(b) For bolting see 3.11.6.
(c) When a class or grade is not shown in a material assignment,.all’ classes and grades are indicated.
(d) The following apply to all material assignments:
(1) Cooling rates faster than those obtained in air, folowed by tempering, as permitted by the material specification, are considered
equivalent to normalizing and tempering heat treatments.
(2) Fine grain practice is defined as the procedudres necessary to obtain a fine austenitic grain size as described in SA-20.
(3) Normalized rolling condition is not considered as being equivalent to normalizing.
(e) Data of Figures 3.8 and 3.8M are shown in, Table 3.15.
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Figure 3.9
Typical Vessel Details Illustrating the Governing Thickness
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Figure 3.10

Typical Vessel Details Illustrating the Governing Thickness
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(b) Integral Flat Head or Tubesheet [Note (1)]
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Section Y-Y

(d) Two Flat Plates With a Corner Joint [Note (2)]

(1) The governing thickness of the integral flat head or tubesheet is max(ty1, ty2). The governing thickness of the shell is t,,.

(2) The governing thickness of component A is max(tg41, ty2). The governing thickness of component B is max(t,2, tg3).
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Figure 3.11
Typical Vessel Details Illustrating the Governing Thickness
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Figure 3.12
Reduction in the MDMT Without Impact Testing — Parts Not Subject to PWHT
1.0
0.9 \
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0.7 N
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©
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: ?\\ = 50 ksi
o AN
> 50 ksi, < 65 ksi For Class 1 [Note (1)]
o3 +— ———+— — — — — i,*L/_—iJ_iii,
NS For Class 2 [Note (1)]
0.2
0.1
0 20 40 60 80 100

Temperature Reduction, Tg, °F

GENERAL NOTES:

(a) Interpolation between yield strength values is permitted.

(b) The reduction in MDMT shall not exceed 552C/(100°F), except as permitted by 3.11.2.5(a), Step 5(b).
(c) Data of Figures 3.12 and 3.12M are shownin Table 3.16.

NOTE:
(1) See 3.11.2.5(a), Step 5(a) when Rs-isless than or equal to 0.3 for Class 1, or 0.24 for Class 2.
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Figure 3.12M

Reduction in the MDMT Without Impact Testing — Parts Not Subject to PWHT
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(a) Interpolation between yield strength values is permitted.
(b) The reduction in MDMT shall not exceed 55°C (1Q0°F); except as permitted by 3.11.2.5(a), Step 5(b).
(c) Data of Figures 3.12 and 3.12M are shown in Table'3.16.

(1) See 3.11.2.5(a), Step 5(a) when R, is lessithan or equal to 0.3 for Class 1, or 0.24 for Class 2.
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Figure 3.13
Reduction in the MDMT Without Impact Testing — Parts Subject to PWHT and Nonwelded Parts
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GENERAL NOTES:
(a) Interpolation between yield strength values is pérmitted.

(b) The reduction in MDMT shall not exceed 552C)(100°F), except as permitted by 3.11.2.5(a), Step 5(b).

(c) Data of Figures 3.13 and 3.13M are showxn\in Table 3.17.
NOTE:

(1) See 3.11.2.5(a), Step 5(a) when R,.isless than or equal to 0.3 for Class 1, or 0.24 for Class 2.
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NS

Figure 3.13M
Reduction in the MDMT Without Impact Testing — Parts Subject to PWHT and Nonwelded Parts
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GENERAL NOTES:
(a) Interpolation between yield strength values is permitted.
(b) The reduction in MDMT shall not exceed 55°C (100K), except as permitted by 3.11.2.5(a), Step 5(b).

(c) Data of Figures 3.13 and 3.13M are shown in Table, 3.17.

NOTE:
(1) See 3.11.2.5(a), Step 5(a) when R, is lesssthan or equal to 0.3 for Class 1, or 0.24 for Class 2.
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Figure 3.14
Orientation and Location of Transverse Charpy V-Notch Specimens

Rolling

direction
4>

(a) Charpy V-Notch Specimens From Plate

(b-2)

(b) Charpy V=Notch Specimens From Pipe

Direction of
major working

(c) Charpy V-Notch Specimens From Forgings

GENERAL NOTE: The transverse Charpy V-Notch specimen orientation in the pipe shall be as shown in sketch (b-1). If this transverse spe-
cimen cannot be obtained from the pipe geometry, then the alternate orientation shown in sketch (b-2) shall be used.
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Figure 3.15
Weld Metal Delta Ferrite Content

18
A
16 Q@’G v
& ™
3 <
Q %
o © N
zZ 14
e
Z% 12 % /q/%{“ / / /
Q&’o@//%ob/////
/&
18 20 22 24 26 28

Cr =Cr+ Mo +0.7Nb
eq

Figure 3.16
HAZ Impact Specimen Removal
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Figure 3.17
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ANNEX 3-A
ALLOWABLE DESIGN STRESSES

(Normative)

3-A.1 ALLOWABLE STRESS BASIS — ALL MATERIALS EXCEPT BOLTING
3-A.1.1

The materials that may be used in this Division for all product forms except bolting are$hown below.
(a) Carbon Steel and Low Alloy Steel - Table 3-A.1

(b) Quenched and Tempered High Strength Steels - Table 3-A.2

(c) High Alloy Steel - Table 3-A.3

(d) Aluminum and Aluminum Alloys - Table 3-A.4

(e) Copper and Copper Alloys - Table 3-A.5

(f) Nickel and Nickel Alloys - Table 3-A.6

(g) Titanium and Titanium Alloys - Table 3-A.7

3-A.1.2

The allowable stresses to be used in this Division for<all' product forms except bolting are provided in the following
tables of Section II, Part D.

(a) Carbon Steel and Low Alloy Steel

(1) Class 1 - Section II, Part D, Subpart 1, Table 2A

(2) Class 2 - Section II, Part D, Subpart 1, Table 5A
(b) Quenched and Tempered High Strength Steels

(1) Class 1 - Section II, Part D, Subpart 1, Table 2A

(2) Class 2 - Section II, ParteD);'Subpart 1, Table 5A
(c) High Alloy Steel

(1) Class 1 - Section ILPart D, Subpart 1, Table 2A

(2) Class 2 - Section'Il, Part D, Subpart 1, Table 5A
(d) Aluminum and Aluminum Alloys

(1) Class It Section II, Part D, Subpart 1, Table 2B

(2) Clags\2 - Section II, Part D, Subpart 1, Table 5B
(e) Copper and Copper Alloys

{1)Class 1 - Section II, Part D, Subpart 1, Table 2B

(2) Class 2 - Section 1, Part D, Subpart 1, Table 5B
(f) Nickel and Nickel Alloys

(1) Class 1 - Section II, Part D, Subpart 1, Table 2B

(2) Class 2 - Section II, Part D, Subpart 1, Table 5B
(g) Titanium and Titanium Alloys

(1) Class 1 - Section II, Part D, Subpart 1, Table 2B

(7) Class 2 — Section Il Part D thp:\rt 1 Table 5B
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3-A.2 ALLOWABLE STRESS BASIS — BOLTING MATERIALS
3-A.2.1

The materials that may be used in this Division for bolting are shown below.

(a) Ferrous Bolting Materials for Design in Accordance With Part 4 of this Division - Table 3-A.8

(b) Aluminum Alloy and Copper Alloy Bolting Materials for Design in Accordance With Part 4 of this Division - Table
3-A9

(c) Nickel and Nickel Alloy Bolting Materials Bolting Materials for Design in Accordance With Part 4 of this Divisien=
Table 3-A.10

(d) Bolting Materials for Design in Accordance With Part 5 of this Division - Table 3-A.11

3-A.2.2

The allowable stresses to be used in this Division for bolting are provided in the following tables of Séétion II, Part D.

(a) Ferrous Bolting Materials for Design in Accordance With Part 4 of this Division - Section/I1, Part D, Subpart 1,
Table 3

(b) Aluminum Alloy and Copper Alloy Bolting Materials for Design in Accordance With Part 4¢of this Division - Section
II, Part D, Subpart 1, Table 3

(c) Nickel and Nickel Alloy Bolting Materials Bolting Materials for Design in Accordance With Part 4 of this Division -
Section II, Part D, Subpart 1, Table 3

(d) Bolting Materials for Design in Accordance With Part 5 of this Division - Séction II, Part D, Subpart 1, Table 4

3-A.3 TABLES

Table 3-A.l
Carbon Steel and Low Alloy Materials
Material Specification Type/Grade/Class UNS"No. Nominal Composition Product Form

SA-36 K02600 Carbon steel Str. plate
SA-105 K03504 Carbon steel Forgings
SA-106 A K02501 Carbon steel Smls. pipe
SA-106 B K03006 Carbon steel Smls. pipe
SA-106 C K03501 Carbon steel Smls. pipe
SA-178 C K03503 Carbon steel WI1d. tube
SA-181 60 K03502 Carbon steel Forgings
SA-181 70 K03502 Carbon steel Forgings
SA-182 E> K12822 c-Y%,Mo Forgings
SA-182 F2 K12122 Y,Cr-Y%,Mo Forgings
SA-182 F3VCb K31390 3Cr-1Mo-Y,V-Cb-Ca Forgings
SA-182 F3v K31830 3Cr-1Mo-Y,V-Ti-B Forgings
SA-182 F5 K41545 5Cr-*,Mo Forgings
SA-182 F5a K42544 5Cr-*,Mo Forgings
SA-182 F9 K90941 9Cr-1Mo Forgings
SA-182 F12,CL 1 K11562 1Cr-*,Mo Forgings
SA-182 F12, ClL 2 K11564 1Cr-%,Mo Forgings
SA-182 F11,CL 1 K11597 1Y,Cr-%,Mo-Si Forgings
SA=182 F11,CL 2 K11572 1Y,Cr-Y4,Mo-Si Forgings
SA-182 F21 K31545 3Cr-1Mo Forgings
SA-182 F22,CL 1 K21590 2Y,Cr-1Mo Forgings
SA-182 F22,CL 3 K21590 2Y,Cr-1Mo Forgings
SA-182 F22V K31835 2Y,Cr-1Mo-Y,v Forgings
SA-182 F91 K90901 9Cr-1Mo-V Forgings
SA-182 FR K22035 2Ni-1Cu Forgings
SA-203 A K21703 2 YoNi Plate
SA-203 B K22103 2 YoNi Plate
SA-203 D K31718 3Y%Ni Plate
SA-203 E K32018 3Y%Ni Plate
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Table 3-A.1
Carbon Steel and Low Alloy Materials (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-203 F 3Y,Ni Plate
SA-204 A K11820 C—l/zMo Plate
SA-204 B K12020 C—l/zMo Plate
SA-204 C K12320 C—1/2M0 Plate
SA-209 T1 K11522 C—l/zMo Smls. tube
SA-209 Tla K12023 c-Y%,Mo Smls. tube
SA-209 T1b K11422 C—l/zMo Smls. tube
SA-210 A-1 K02707 Carbon steel Smls. tube
SA-210 C K03501 Carbon steel Smls. tube
SA-213 T2 K11547 Y,cr-Y,Mo Smls. tube
SA-213 TS K41545 5Cr-,Mo Sls. tube
SA-213 T5b K41545 5Cr—1/2Mo—Si Smls. tube
SA-213 T5c K41245 5Cr-",Mo-Ti Smls. tube
SA-213 T9 K90941 9Cr-1Mo Smls. tube
SA-213 T11 K11597 1Y,Cr-Y,Mo-Si Smls. tube
SA-213 T12 K11562 1Cr—1/2Mo Smls. tube
SA-213 T21 K31545 3Cr-1Mo Smls. tube
SA-213 T22 K21590 2Y,Cr-1Mo Smls. tube
SA-213 T91 K90901 9Cr-1Mo-V Smis. tube
SA-216 WCA J02502 Carbon, steel Castings
SA-216 WCB J03002 Carbon steel Castings
SA-216 wcc K02503 Carbon steel Castings
SA-217 C5 ]42045 5Cr-*/,Mo Castings
SA-217 C12 182090 9Cr-1Mo Castings
SA-217 wc1 ]12524 C-Y,Mo Castings
SA-217 WwC4 J12082 1Ni-%,Cr-%,Mo Castings
SA-217 wCes 122000 3, Ni-1Mo-3/,Cr Castings
SA-217 wCcCe6 12072 1Y,Cr-%,Mo Castings
SA-217 wC9 ]21890 21/4Cr—1M0 Castings
SA-225 C K12524 Mn-"/,Ni-V Plate
SA-234 WPB K03006 Carbon steel Fittings
SA-234 WPC K03501 Carbon steel Fittings
SA-234 WP1 K12821 C—l/zMo Fittings
SA-234 WP5 K41515 5Cr-,Mo Fittings
SA-234 WP9 K90941 9Cr-1Mo Fittings
SA-234 WP11, CL 1 1Y,Cr-,Mo-Si Fittings
SA-234 WP12, CL. 1 K12062 1Cr—1/2Mo Fittings
SA-234 WpP22,CL 1 K21590 21/4Cr—1M0 Fittings
SA-266 1 K03506 Carbon steel Forgings
SA-266 2 K03506 Carbon steel Forgings
SA-266 3 K05001 Carbon steel Forgings
SA-266 4 K03017 Carbon steel Forgings
SA-283 D Carbon steel Str. plate
SA-285 A K01700 Carbon steel Plate
SA-285 B K02200 Carbon steel Plate
SA-285 C K02801 Carbon steel Plate
SA-299 A K02803 Carbon steel Plate
SA-299 [Note (1)] B K02803 Carbon steel Plate
SA-302 A K12021 Mn—l/zMo Plate
SA-302 B K12022 Mn—l/ZMo Plate
SA-302 C K12039 Mn-Y,Mo-"/,Ni Plate
SA-302 D K12054 Mn-"/,Mo-%,Ni Plate
SA-333 1 K03008 Carbon steel Smls. pipe
SA-333 3 K31918 3Y%Ni Smls. pipe
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Table 3-A.1
Carbon Steel and Low Alloy Materials (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-333 4 K11267 %, Cr-%,Ni-Cu-Al Smls. pipe
SA-333 6 K03006 Carbon steel Smls. pipe
SA-333 9 K22035 2Ni-1Cu Smls. pipe
SA-333 1 K03008 Carbon steel WI1d. pipe
SA-334 1 K03008 Carbon steel WId. tube
SA-334 1 K03008 Carbon steel Smls. tube
SA-334 3 K31918 3YNi Smls. tube
SA-334 9 K22035 2Ni-1Cu Smls(tube
SA-335 P1 K11522 c-Y%,Mo Smls, pipe
SA-335 P2 K11547 Y,cr-Y,Mo Snils. pipe
SA-335 P5 K41545 5Cr-,Mo Smls. pipe
SA-335 P5b K51545 5Cr-',Mo-Si Smls. pipe
SA-335 P5c K41245 5Cr-",Mo-Ti Smls. pipe
SA-335 P9 K90941 9Cr-1Mo Smls. pipe
SA-335 P11 K11597 1Y,Cr-Y,Mo-Si Smls. pipe
SA-335 P12 K11562 1Cr-,Mo Smls. pipe
SA-335 P21 K31545 3Cr-1Mo Smls. pipe
SA-335 P22 K21590 2Y,Cr-1Mo Smls. pipe
SA-335 P91 K90901 9Cr-1Me-V Smls. pipe
SA-336 F1 K11564 1Cf-Y%Mo Forgings
SA-336 F3VCb K31390 3Cr-1Mo-Y,V-Cb-Ca Forgings
SA-336 F3V K31830 3Cr-1Mo-Y,V-Ti-B Forgings
SA-336 F5 K41545 5Cr-1Mo Forgings
SA-336 F5A K4254% 5Cr-1Mo Forgings
SA-336 F9 K9094.1 9Cr-1Mo Forgings
SA-336 F11,CL 2 K11572 1Y,Cr-Y,Mo-Si Forgings
SA-336 F11,CL 3 K11572 1Y,Cr-Y,Mo-Si Forgings
SA-336 F12 K11564 1Cr-",Mo Forgings
SA-336 F21,CL 1 K31545 3Cr-1Mo Forgings
SA-336 F21, ClL. 3 K31545 3Cr-1Mo Forgings
SA-336 F22,Cl 1 K21590 2Y,Cr-1Mo Forgings
SA-336 F22, CIN3 K21590 2Y,Cr-1Mo Forgings
SA-336 F22V K31835 2Y,Cr-1Mo-",V Forgings
SA-336 [Note (1)] E91 K90901 9Cr-1Mo-V Forgings
SA-350 LF1 K03009 Carbon steel Forgings
SA-350 LF2 K03011 Carbon steel Forgings
SA-350 LF3 K32025 3Y,Ni Forgings
SA-350 LF9 K22036 2Ni-1Cu Forgings
SA-352 LCB J03003 Carbon steel Castings
SA-352 LC1 12522 C-Y,Mo Castings
SA-352 LC2 22500 2Y,Ni Castings
SA-352 LC3 131550 3Y,Ni Castings
SK-369 FP1 K11522 c-Y%,Mo Forged pipe
SA-369 FP2 K11547 Y,cr-Y,Mo Forged pipe
SA-369 FP5 K41545 5Cr-,Mo Forged pipe
SA-369 FP9 K90941 9Cr-1Mo Forged pipe
SA-369 FP11 K11597 1Y,Cr-Y,Mo-Si Forged pipe
SA-369 FP12 K11562 1Cr-,Mo Forged pipe
SA-369 FP21 K31545 3Cr-1Mo Forged pipe
SA-369 FP22 K21590 2Y,Cr-1Mo Forged pipe
SA-372 A K03002 Carbon steel Forgings
SA-372 B K04001 Carbon steel Forgings
SA-372 C K04801 Carbon steel Forgings
SA-372 D K10508 Mn—1/4Mo Forgings
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Carbon Steel and Low Alloy Materials (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-387 2,CL1 K12143 Y,cr-Y,Mo Plate
SA-387 2,CL2 K12143 ¥,cr-Y%,Mo Plate
SA-387 5 ClL1 K41545 5Cr-,Mo Plate
SA-387 5,CL 2 K41545 5Cr-,Mo Plate
SA-387 11,CL 1 K11789 1Y,Cr-%,Mo-Si Plate
SA-387 11, CL 2 K11789 1Y,Cr-Y,Mo-Si Plate
SA-387 12,CL 1 K11757 1Cr-,Mo Plate
SA-387 12, CL 2 K11757 1Cr-*,Mo Plate
SA-387 21,CL 1 K31545 3Cr-1Mo Plate
SA-387 21,CL 2 K31545 3Cr-1Mo Plate
SA-387 22,ClL1 K21590 2Y,Cr-1Mo Plate
SA-387 22,CL2 K21590 2Y,Cr-1Mo Plate
SA-387 91 K90901 9Cr-1Mo-V Plate
SA-420 WPL3 3Y,Ni Fittings
SA-420 WPL6 Carbon steel Fittings
SA-420 WPL9 K22035 2Ni-Cu Fittings
SA-423 1 K11535 Y4Cr=/,Ni-Cu Smls. tube
SA-423 2 K11540 %, Ni-¥/,Cu-Mo Smls. tube
SA-487 1,CLA ]13002 Mn-V Castings
SA-487 4,CLA J13047 YoNi-Y,Cr-1/3Mo-V Castings
SA-487 8,CL A ]22091 2Y,Cr=1Mo Castings
SA-508 1 K13502 Carbon steel Forgings
SA-508 1A K13502 Carbon steel Forgings
SA-508 2,ClL1 K12766 .Ni-"/,Mo-Y;Cr-v Forgings
SA-508 2,CL2 K12766 %uNi-Y,Mo-Y5Cr-v Forgings
SA-508 3,CL1 K12042 %, Ni-Y,Mo-Cr-V Forgings
SA-508 3,ClL2 K12042 ¥uNi-Y,Mo-Cr-v Forgings
SA-508 3VCb K31390 3Cr-1Mo-Y,V-Cb-Ca Forgings
SA-508 3V K31830 3Cr-1Mo-Y,V-Ti-B Forgings
SA-508 4N, CL. 3 K22375 3Y,Ni-1%,Cr-,Mo-V Forgings
SA-508 22,CL 3 K215909 2Y,Cr-1Mo Forgings
SA-515 60 K02401 Carbon steel Plate
SA-515 65 K02800 Carbon steel Plate
SA-515 70 K03101 Carbon steel Plate
SA-516 55 K01800 Carbon steel Plate
SA-516 60 K02100 Carbon steel Plate
SA-516 65 K02403 Carbon steel Plate
SA-516 70 K02700 Carbon steel Plate
SA-524 [ K02104 Carbon steel Smls. pipe
SA-524 II K02104 Carbon steel Smls. pipe
SA-533 ACL1 K12521 Mn-",Mo Plate
SA-533 A, CL 2 K12521 Mn-',Mo Plate
SA-533 B, Cl 1 K12539 Mn-Y,Mo-Y,Ni Plate
SA-533 B, CL 2 K12539 Mn-Y,Mo-"/,Ni Plate
SA-533 G ClL1 K12554 Mn-*/,Mo-%,Ni Plate
SA-533 G CL2 K12554 Mn-Y,Mo-%,Ni Plate
SA-533 D, ClL 2 K12529 Mn-Y,Mo-Y,Ni Plate
SA-533 [Note (1)] E CL1 K12554 Mn-Y,Mo-%,Ni Plate
SA-533 [Note (1)] E, CL 2 K12554 Mn-Y,Mo-%,Ni Plate
SA-537 CL1 K12437 Carbon steel Plate
SA-537 CL 2 K12437 Carbon steel Plate
SA-537 CL 3 K12437 Carbon steel Plate
SA-541 1 K03506 Carbon steel Forgings
SA-541 1A K03020 Carbon steel Forgings
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Table 3-A.1
Carbon Steel and Low Alloy Materials (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-541 2,CL1 K12765 %, Ni-Y,Mo-Y;Cr-v Forgings
SA-541 2,CL2 K12765 %, Ni-Y,Mo-Y5Cr-v Forgings
SA-541 3,CL1 K12045 Y,Ni-Y,Mo-V Forgings
SA-541 3,CL 2 K12045 Y,Ni-,Mo-V Forgings
SA-541 3VCb K31390 3Cr-1Mo-Y,V-Cb-Ca Forgings
SA-541 3V K31830 3Cr-1Mo-Y,V-Ti-B Forgings
SA-541 22,CL3 K21390 2Y,Cr-1Mo Forgings
SA-541 22V K31835 2Y,Cr-1Mo-Y,V Forgings
SA-542 B, Cl. 4 2Y,Cr-1Mo Plate
SA-542 E, ClL 4a K31390 3Cr—1M0—1/4V—Cb—Ca Plate
SA-542 C, Cl 4a 3Cr—1M0—1/4V—Ti—B Plate
SA-542 D, Cl 4a 2Y,Cr-1Mo-Y,v Plate
SA-612 K02900 Carbon steel Plate
SA-662 A K10701 Carbon steel Plate
SA-662 B K02203 Carbon steel Plate
SA-662 C K02007 Carbon steel Plate
SA-675 45 Carbon steel Bar, shapes
SA-675 50 Carbon steel Bar, shapes
SA-675 55 Carbon-steel Bar, shapes
SA-675 60 Carbon ‘steel Bar, shapes
SA-675 65 €arbon steel Bar, shapes
SA-675 70 Carbon steel Bar, shapes
SA-727 K02506 Carbon steel Forgings
SA-737 B K12001 C-Mn-Si-Cb Plate
SA-737 C K12202 C-Mn-Si-V Plate
SA-738 A K12447 Carbon steel Plate
SA-738 B K12007 Carbon steel Plate
SA-738 C Carbon steel Plate
SA-739 B11 K11797 1Y,cr-Y,Mo Bar
SA-739 B22 K21390 2Y,Cr-1Mo Bar
SA-765 I K03046 Carbon steel Forgings
SA-765 Il K03047 Carbon steel Forgings
SA-765 ) K32026 3Y,Ni Forgings
SA-765 JA%A K02009 Carbon steel Forgings
SA-832 23V K31390 3Cr—1M0—1/4V—Cb—Ca Plate
SA-832 21V K31830 3Cr—1M0—1/4V—Ti—B Plate
SA-832 22V K31835 21/4Cr—1M0—V Plate
SA-841 [Note (1)] ACL1 Carbon steel Plate
SA-841 [Note (1] B, Cl. 2 Carbon steel Plate
SA/EN 10028-2.[Note (1)] P355GH Carbon steel Plate
SA/EN 100282 [Note (1)] 13CrMo4-5 1Cr-%Mo Plate
SA/EN.10028-2 [Note (1)] 10CrMo9-10 2Y,Cr-1Mo Plate
SA/ENA10028-2 [Note (1)] 13CrMoSi5-5 +QT 1Y,Cr-"%,Mo-Si Plate
SA/EN 10222-2 [Note (1)] P280GH Carbon steel Forgings
SA/EN 10222-2 [Note (1)] P30SGH Carbon steel Forgings
SA/EN 10222-2 [Note (1)] 13CrMo4-5 1Cr-*,Mo Forgings
SA/EN 10222-2 [Note (1)] 11CrMo9-10 2Y,Cr-1Mo Forgings

NOTE:
(1) For Class 2 construction only.
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Table 3-A.2
Quenched and Tempered High Strength Steels
Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form

SA-333 8 K81340 9Ni Smls. pipe
SA-334 8 K81340 9Ni Smls. tube
SA-353 K81340 9Ni Plate
SA-372 D K14508 Mn-Y,Mo Forgings
SA-372 E, CL. 70 K13047 1Cr-"%5Mo Forgings
SA-372 F, CL. 70 G41350 1Cr-"%5Mo Forgings
SA-372 G, CL. 70 K13049 Y,Cr-YsMo Forgings
SA-372 H, CL 70 K13547 Y,Cr-YsMo Forgings
SA-372 J,CL. 70 K13548 1Cr-"%5Mo Forgings
SA-372 J, CL. 110 G41370 1Cr-"%Mo Forgings
SA-420 WPL8 K81340 9Ni Smls. pipe
SA-508 4N, CL 1 K22375 3Y,Ni-1%,Cr-,Mo-V Forgings
SA-508 4N, CL. 2 K22375 3,Ni-1%,Cr-Y,Mo-V Forgings
SA-517 A K11856 Y,Cr-Y,Mo-Si Plate
SA-517 B K11630 Y,Cr-YsMo-V Plate
SA-517 E K21604 13/,Cr-Y,Mo<Ti Plate
SA-517 F K11576 3, Ni-%,CrY,Mo-V Plate
SA-517 ] K11625 c-Y%,Mo Plate
SA-517 P K21650 1YNi-1Cr-,Mo Plate
SA-522 I K81340 INi Forgings
SA-533 B, CL 3 K12554 Mn-Y,Mo-%,Ni Plate
SA-533 D, ClL 3 K12529 Mn-Y,Mo-Y,Ni Plate
SA-543 B, CL 1 K42339 3Ni-1%,Cr-%Mo Plate
SA-543 B, CL 2 K42339 3Ni-1%,Cr-%Mo Plate
SA-543 B, Cl 3 K42389 3Ni-1%,Cr-%Mo Plate
SA-543 CCL1 2%,Ni-1Y%,Cr-",Mo Plate
SA-543 C, CL. 2 2%,Ni-1Y,Cr-,Mo Plate
SA-543 C CL. 3 2%,Ni-1'%,Cr-Y,Mo Plate
SA-553 I K81340 9Nj Plate
SA-553 11 K61365 7Ni Plate
SA-592 A K11856 Y,Cr-Y,Mo-Si Forgings
SA-592 E K11695 1%,Cr-%Mo-Cu Forgings
SA-592 F K11576 3/I}Ni—l/ZCr—l/zMo—V Forgings
SA-645 A K41583 5Ni-Y,Mo Plate
SA-723 1, Cl 1 K23550 2Ni-1%,Cr-Y,Mo-V Forgings
SA-723 1,CL 2 K23550 2Ni-1%,Cr-Y,Mo-V Forgings
SA-723 2,CL1 K34035 2%,Ni-1Y,Cr-%,Mo-V Forgings
SA-723 2,CL2 K34035 2%,Ni-1Y,Cr-%,Mo-V Forgings
SA-723 3,CL1 K44045 4Ni-1',Cr-,Mo-V Forgings
SA-723 3,CL2 K44045 4Ni-1",Cr-Y,Mo-V Forgings
SA-724 A K11831 Carbon steel Plate
SA-724 B K12031 Carbon steel Plate
SA-724 C K12037 Carbon steel Plate
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Table 3-A.3

High Alloy Steel

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-182 FXM-11 $21904 21Cr-6Ni-9Mn Forgings
SA-182 FXM-19 $20910 22Cr-13Ni-5Mn Forgings
SA-182 F6a, Cl. 1 $41000 13Cr Forgings
SA-182 Fé6a, Cl. 2 541000 13Cr Forgings
SA-182 F51 $31803 22Cr-5Ni-3Mo-N Forgings
SA-182 F58 $31266 24Cr-22.5Ni-5.7Mo-Cu-W Forgings
SA-182 [Note (1)] F60 $32205 22Cr-5.5Ni-3Mo-N Forgings
SA-182 F304 $30400 18Cr-8Ni Forgings
SA-182 F304H $30409 18Cr-8Ni Forgings
SA-182 F304L $30403 18Cr-8Ni Forgings
SA-182 F310 $31000 25Cr-20Ni Forgings
SA-182 [Note (1)] F310MoLN $31050 25Cr-22Ni-2Mo-N Forgings
SA-182 F316 $31600 16Cr-12Ni-2Mo Forgings
SA-182 F316H $31609 16Cr-12Ni-2Mo Forgings
SA-182 F316L $31603 16Cr-12Ni-2Mo Forgings
SA-182 F321 $32100 18Cr-10Ni<TFi Forgings
SA-182 F321H $32109 18Cr-10Ni-Ti Forgings
SA-182 F347 $34700 18Cr-10Ni-Cb Forgings
SA-182 F347H $34909 18€r-10Ni-Cb Forgings
SA-182 F348 534800 18Cr-10Ni-Cb Forgings
SA-182 F348H 534809 18Cr-10Ni-Cb Forgings
SA-213 TP304 $30400 18Cr-8Ni Smls. tube
SA-213 TP304H $30409 18Cr-8Ni Smls. tube
SA-213 TP304L §30403 18Cr-8Ni Smls. tube
SA-213 TP304N $30451 18Cr-8Ni-N Smls. tube
SA-213 TP309Cb $30940 23Cr-12Ni-Cb Smls. tube
SA-213 TP309H $30909 23Cr-12Ni Smls. tube
SA-213 TP309S $30908 23Cr-12Ni Smls. tube
SA-213 TP310H $31009 25Cr-20Ni Smls. tube
SA-213 TP310MoLN $31050 25Cr-22Ni-2Mo-N Smls. tube
SA-213 TP310S $31008 25Cr-20Ni Smls. tube
SA-213 TP316 $31600 16Cr-12Ni-2Mo Smls. tube
SA-213 TP316H $31609 16Cr-12Ni-2Mo Smls. tube
SA-213 TP316L $31603 16Cr-12Ni-2Mo Smls. tube
SA-213 TP316N S31651 16Cr-12Ni-2Mo-N Smls. tube
SA-213 TP321 $32100 18Cr-10Ni-Ti Smls. tube
SA-213 TP321H $32109 18Cr-10Ni-Ti Smls. tube
SA-213 TP347 S34700 18Cr-10Ni-Cb Smls. tube
SA-243 TP347H S34709 18Cr-10Ni-Cb Smls. tube
SA-213 TP348 $34800 18Cr-10Ni-Cb Smls. tube
SA-213 TP348H $34809 18Cr-10Ni-Cb Smls. tube
SA-213 XM-15 $38100 18Cr-18Ni-2Si Smls. tube
SA-217 CA15 J91150 13Cr Castings
SA-240 XM-15 $38100 18Cr-18Ni-2Si Plate
SA-240 XM19 $20910 22Cr-13Ni-5Mn Plate
SA-240 XM-29 $24000 18Cr-3Ni-12Mn Plate
SA-240 XM-29 524000 18Cr-3Ni-12Mn Sheet and strip
SA-240 201LN S20153 16Cr-4Ni-6Mn Plate
SA-240 [Note (1)] 255 $32550 25Cr-5Ni-3Mo-2Cu Plate
SA-240 302 530200 18Cr-8Ni Plate
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Table 3-A.3
High Alloy Steel (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-240 304 S30400 18Cr-8Ni Plate
SA-240 304H $30409 18Cr-8Ni Plate
SA-240 304L S30403 18Cr-8Ni Plate
SA-240 304N S30451 18Cr-8Ni-N Plate
SA-240 S30601 17.5Cr-17.5Ni-5.3Si Plate
SA-240 S$31266 24Cr-22.5Ni-5.7Mo-Cu-W Plate
SA-240 309Cb S30940 23Cr-12Ni-Cb Plate
SA-240 309H S30909 23Cr-12Ni Plate
SA-240 309S $S30908 23Cr-12Ni Plate
SA-240 310H S$31009 25Cr-20Ni Plate
SA-240 310MoLN S$31050 25Cr-22Ni-2Mo-N Plate
SA-240 310S S$31008 25Cr-20Ni Plate
SA-240 316 $31600 16Cr-12Ni-2Mo Plate
SA-240 316L S$31603 16Cr-12Ni-2Mo Plate
SA-240 316N S31651 16Cr-12Ni-2Mo-N Plate
SA-240 317 S31700 18Cr-13Ni-3Mo Plate
SA-240 317L S31703 18Cr-13Ni-3Mo Plate
SA-240 321 S$32100 18Cr010Ni-Ti Plate
SA-240 321H S$32109 18Cr-10Ni-Ti Plate
SA-240 347 S34700 18€r310Ni-Cb Plate
SA-240 347H S34709 18Cr-10Ni-Cb Plate
SA-240 348 S$34800 18Cr-10Ni-Cb Plate
SA-240 405 S$40500, 13Cr-1Al Plate
SA-240 410 $S41000 13Cr Plate
SA-240 410S 541008 13Cr Plate
SA-240 429 S$42900 15Cr Plate
SA-240 430 S43000 17Cr Plate
SA-240 $31803 22Cr-5Ni-3Mo-N Plate
SA-240 [Note (1)] 2205 $32205 22Cr-5.5Ni-3Mo-N Plate
SA-240 26-3-3 544660 26Cr-3Ni-3Mo Plate
SA-240 [Note (1)] $32906 29Cr-6.5Ni-2Mo-N Plate, sheet, and strip
SA-249 TPXM-15 $38100 18Cr-18Ni-2Si WId. tube
SA-249 TPXM-19 S20910 22Cr-13Ni-5Mn WId. tube
SA-249 TP304 S30400 18Cr-8Ni WId. tube
SA-249 TP304H S30409 18Cr-8Ni WId. tube
SA-249 TP304L S30403 18Cr-8Ni WId. tube
SA-249 TP304N S30451 18Cr-8Ni-N WId. tube
SA-249 TP309Cb S30940 23Cr-12Ni-Cb WId. tube
SA-249 TP309H $30909 23Cr-12Ni WId. tube
SA-249 TP309S $30908 23Cr-12Ni WId. tube
SA-249 TP310Cb S$31040 25Cr-20Ni-Cb WId. tube
SA-249 TP310H S$31009 23Cr-12Ni WIid. tube
SA-249 TP310MoLN $31050 25Cr-22Ni-2Mo-N WId. tube
SA-249 TP310S $31008 23Cr-12Ni WId. tube
SA-249 S31266 24Cr-22Ni-6Mo-2W-Cu-N WIid. tube
SA-249 TP316 $31600 16Cr-12Ni-2Mo WId. tube
SA-249 TP316H $31609 16Cr-12Ni-2Mo WI1d. tube
SA-249 TP316L S$31603 16Cr-12Ni-2Mo WId. tube
SA-249 TP316N S31651 16Cr-12Ni-2Mo-N WId. tube
SA-249 TP317 S$31700 18Cr-3Ni-3Mo WIld. tube
SA-249 TP321 S$32100 18Cr-10Ni-Ti WId. tube
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Table 3-A.3

High Alloy Steel (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-249 TP321H S$32109 18Cr-10Ni-Ti WId. tube
SA-249 TP347 S34700 18Cr-10Ni-Cb WId. tube
SA-249 TP347H S34709 18Cr-10Ni-Cb WId. tube
SA-249 TP348 S$34800 18Cr-10Ni-Cb WId. tube
SA-249 TP348H $34809 18Cr-10Ni-Cb WId. tube
SA-268 TP405 $S40500 12Cr-1Al Smls. tube
SA-268 TP410 S41000 13Cr Smls. tube
SA-268 TP429 S42900 15Cr Smls. tube
SA-268 TP430 S43000 17Cr Smls: tube
SA-268 26-3-3 S44660 26Cr-3Ni-3Mo Smls. tube
SA-268 26-3-3 S44660 26Cr-3Ni-3Mo WId. tube
SA-312 TPXM-11 S21904 21Cr-6Ni-9Mn Smls. pipe
SA-312 TPXM-15 $38100 18Cr-18Ni-2Si Smls. pipe
SA-312 TPXM-19 S20910 22Cr-13Ni-5Mn Smls. pipe
SA-312 TP304 S30400 18Cr-8Ni Smls. pipe
SA-312 TP304H S30409 18Cr-8Ni Smls. pipe
SA-312 TP304L S30403 18Cr-8Ni Smls. pipe
SA-312 TP304N S30451 18Cr-8Ni-N Smls. pipe
SA-312 TP309Cb S30940 23Cr=12Ni-Cb Smls. pipe
SA-312 TP309H $30909 23Cr-12Ni Smls. pipe
SA-312 TP309S $S30908 23Cr-12Ni Smls. pipe
SA-312 TP310H S31009 23Cr-12Ni Smls. pipe
SA-312 TP310S S$31008 23Cr-12Ni Smls. pipe
SA-312 TP316 $31600 16Cr-12Ni-2Mo Smls. pipe
SA-312 TP316H S31609 16Cr-12Ni-2Mo Smls. pipe
SA-312 TP316L S31603 16Cr-12Ni-2Mo Smls. pipe
SA-312 TP316N S31651 16Cr-12Ni-2Mo-N Smls. pipe
SA-312 TP317 $31700 18Cr-3Ni-3Mo Smls. pipe
SA-312 TP321 S$32100 18Cr-10Ni-Ti Smls. pipe
SA-312 TP32%7 S$32100 18Cr-10Ni-Ti Smls. pipe
SA-312 TP321H S$32109 18Cr-10Ni-Ti Smls. pipe
SA-312 TP321H $32109 18Cr-10Ni-Ti Smls. pipe
SA-312 TP347 S34700 18Cr-10Ni-Cb Smls. pipe
SA-312 TP347H S34709 18Cr-10Ni-Cb Smls. pipe
SA-312 TP348 $34800 18Cr-10Ni-Cb Smls. pipe
SA-312 TP348H S34809 18Cr-10Ni-Cb Smls. pipe
SA-312 TPXM-11 S$21904 21Cr-6Ni-9Mn WI1d. pipe
SA-312 TPXM-15 $38100 18Cr-18Ni-2Si WId. pipe
SA-312 TPXM-19 $20910 22Cr-13Ni-5Mn WI1d. pipe
SA-312 TP304 S30400 18Cr-8Ni WI1d. pipe
SA-312 TP304H S30409 18Cr-8Ni WI1d. pipe
SA-312 TP304L S30403 18Cr-8Ni WId. pipe
SA-312 TP304N S30451 18Cr-8Ni-N WId. pipe
SA-312 TP309Cb S30940 23Cr-12Ni-Cb WI1d. pipe
SA-312 TP309H S30909 23Cr-12Ni WId. pipe
SA-312 TP309S S30908 23Cr-12Ni WId. pipe
SA-312 TP310Cb $31040 25Cr-20Ni-Cb WId. pipe
SA-312 TP310H S31009 23Cr-12Ni WI1d. pipe
SA-312 TP310MoLN $31050 25Cr-22Ni-2Mo-N WId. pipe
SA-312 TP310MoLN S$31050 25Cr-22Ni-2Mo-N WI1d. pipe
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Table 3-A.3
High Alloy Steel (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-312 TP310S S$31008 23Cr-12Ni WId. pipe
SA-312 TP316 $31600 16Cr-12Ni-2Mo WId. pipe
SA-312 TP316H S31609 16Cr-12Ni-2Mo WI1d. pipe
SA-312 TP316L S31603 16Cr-12Ni-2Mo WId. pipe
SA-312 TP316N S$31651 16Cr-12Ni-2Mo-N WI1d. pipe
SA-312 TP317 S$31700 18Cr-3Ni-3Mo WI1d. pipe
SA-312 TP321 $32100 18Cr-10Ni-Ti WI1d. pipe
SA-312 TP321H S$32109 18Cr-10Ni-Ti WI1d. pipe
SA-312 TP347 S34700 18Cr-10Ni-Cb WId. pipe
SA-312 TP347H S34709 18Cr-10Ni-Cb Wia pipe
SA-312 TP348 S$34800 18Cr-10Ni-Cb WId. pipe
SA-312 TP348H S$34809 18Cr-10Ni-Cb WId. pipe
SA-336 FXM-11 $21904 21Cr-6Ni-9Mn Forgings
SA-336 FXM-19 S20910 22Cr-13Ni-5Mn Forgings
SA-336 F6 S41000 13Cr Forgings
SA-336 F304 S30400 18Cr-8Ni Forgings
SA-336 F304H $30409 18Cr-8Ni Forgings
SA-336 F304L S30403 18Cr-8Ni Forgings
SA-336 F304N S30451 18Cr-8Ni=N Forgings
SA-336 F310 $31000 25€r320Ni Forgings
SA-336 F316 $31600 16€r-12Ni-2Mo Forgings
SA-336 F316H S$31609 16Cr-12Ni-2Mo Forgings
SA-336 F316L S$31603, 16Cr-12Ni-2Mo Forgings
SA-336 F316N S$31651, 16Cr-12Ni-2Mo-N Forgings
SA-336 F321 S$32100 18Cr-10Ni-Ti Forgings
SA-336 F321H S$32109 18Cr-10Ni-Ti Forgings
SA-336 F347 S34700 18Cr-10Ni-Cb Forgings
SA-336 F347H S34709 18Cr-10Ni-Cb Forgings
SA-351 CF3 ]92500 18Cr-8Ni Castings
SA-351 CF8 192600 18Cr-8Ni Castings
SA-351 CF8G ]92710 18Cr-10Ni-Cb Castings
SA-351 CF8M ]92900 18Cr-12Ni-2Mo Castings
SA-351 CE10 ]92590 19Cr-9Ni-0.5Mo Castings
SA-351 CHS8 ]93400 25Cr-12Ni Castings
SA-351 CH20 ]93402 25Cr-12Ni Castings
SA-351 CK20 ]94202 25Cr-20Ni Castings
SA-376 TP304 S30400 18Cr-8Ni Smls. pipe
SA-376 TP304H S30409 18Cr-8Ni Smls. pipe
SA-376 TP304N S30451 18Cr-8Ni-N Smls. pipe
SA-376 TP316 S$31600 16Cr-12Ni-2Mo Smls. pipe
SA-376 TP316H S$31609 16Cr-12Ni-2Mo Smls. pipe
SA-376 TP316N S31651 16Cr-12Ni-2Mo-N Smls. pipe
SA-376 TP321 $32100 18Cr-10Ni-Ti Smls. pipe
SA-376 TP321 S$32100 18Cr-10Ni-Ti Smls. pipe
SA-376 TP321H S$32109 18Cr-10Ni-Ti Smls. pipe
SA-376 TP321H S$32109 18Cr-10Ni-Ti Smls. pipe
SA-376 TP347 S34700 18Cr-10Ni-Cb Smls. pipe
SA-376 TP347H S34709 18Cr-10Ni-Cb Smls. pipe
SA-376 TP348 $34800 18Cr-10Ni-Cb Smls. pipe
SA-403 XM-19 520910 22Cr-13Ni-5Mn Fittings
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Table 3-A.3

High Alloy Steel (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-403 304 S30400 18Cr-8Ni Fittings
SA-403 304H S30409 18Cr-8Ni Fittings
SA-403 304L S30403 18Cr-8Ni Fittings
SA-403 304N S30451 18Cr-8Ni-N Fittings
SA-403 309 $30900 23Cr-12Ni Fittings
SA-403 310 $31000 25Cr-20Ni Fittings
SA-403 316 S31600 16Cr-12Ni-2Mo Fittings
SA-403 316L S31603 16Cr-12Ni-2Mo Fittings
SA-403 316N S31651 16Cr-12Ni-2Mo-N Rittings
SA-403 317 S31700 18Cr-13Ni-3Mo Fittings
SA-403 317L S31700 18Cr-13Ni-3Mo Fittings
SA-403 321 S$32100 18Cr-10Ni-Ti Fittings
SA-403 321H $32109 18Cr-10Ni-Ti Fittings
SA-403 347 S34700 18Cr-10Ni-Cb Fittings
SA-403 347H S34709 18Cr-10Ni-Cb Fittings
SA-403 348 S$34800 18Cr-10Ni<€b Fittings
SA-403 348H $34809 18Cr-10Ni~Cb Fittings
SA-403 XM-19 S20910 22Cr-13Ni-5Mn WId. fittings
SA-403 304 S30400 18Cr=8Ni WId. fittings
SA-403 304H $30409 18Cr-8Ni WId. fittings
SA-403 304N S30451 18Cr-8Ni-N WId. fittings
SA-403 309 S30900 23Cr-12Ni WId. fittings
SA-403 310 S31000 25Cr-20Ni WId. fittings
SA-403 316L $31603 16Cr-12Ni-2Mo WId. fittings
SA-403 316N S31651 16Cr-12Ni-2Mo-N WId. fittings
SA-403 321 S$32100 18Cr-10Ni-Ti WId. fittings
SA-403 321H S$32109 18Cr-10Ni-Ti WId. fittings
SA-403 347 S34700 18Cr-10Ni-Cb WId. fittings
SA-403 347H S34709 18Cr-10Ni-Cb WId. fittings
SA-403 348 S$34800 18Cr-10Ni-Cb WId. fittings
SA-403 348H S$34809 18Cr-10Ni-Cb WId. fittings
SA-479 [Note (1)] $32906 29Cr-6.5Ni-2Mo-N Bar
SA-479 XM-19 S20910 22Cr-13Ni-5Mn Bar
SA-479 309H S30909 23Cr-12Ni Bar
SA-564 630 $17400 17Cr-4Ni-4Cu Bar
SA-666 XM-11 $21904 21Cr-6Ni-9Mn Plate
SA-688 TP304 S30400 18Cr-8Ni WId. tube
SA-688 TP304L S30403 18Cr-8Ni WId. tube
SA-688 TP316 $31600 16Cr-12Ni-2Mo WId. tube
SA-688 TP316L S31603 16Cr-12Ni-2Mo WId. tube
SA-693 630 S17400 17Cr-4Ni-4Cu Plate, sheet, and strip
SA-705 630 S17400 17Cr-4Ni-4Cu Forgings
SA-789 $31500 18Cr-5Ni-3Mo-N Smls. tube
SA-789 $31803 22Cr-5Ni-3Mo-N Smls. tube
SA-789 $31500 18Cr-5Ni-3Mo-N WId. tube
SA-789 $31803 22Cr-5Ni-3Mo-N WId. tube
SA-789 [Note (1)] $32205 22Cr-5.5Ni-3Mo-N Smls. tube
SA-789 [Note (1)] $32205 22Cr-5.5Ni-3Mo-N WId. tube
SA-789 [Note (1)] $32906 29Cr-6.5Ni-2Mo-N Smls. tube
SA-790 [Note (1)] $32205 22Cr-5.5Ni-3Mo-N Smls. tube

135


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

ASME BPVC.VIIL.2-2023

Table 3-A.3

High Alloy Steel (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SA-790 [Note (1)] $32205 22Cr-5.5Ni-3Mo-N WId. pipe
SA-790 [Note (1)] $32906 29Cr-6.5Ni-2Mo-N Smls. tube
SA-790 S31500 18Cr-5Ni-3Mo-N Smls. pipe
SA-790 $31803 22Cr-5Ni-3Mo-N Smls. pipe
SA-790 S31500 18Cr-5Ni-3Mo-N WIld. pipe
SA-790 $31803 22Cr-5Ni-3Mo-N WI1d. pipe
SA-790 $32906 29Cr-6.5Ni-2Mo-N Smls. pipe
SA-803 26-3-3 544660 26Cr-3Ni-3Mo Wid. tube
SA-813 TP309Cb S30940 23Cr-12Ni-Cb WId. pipe
SA-813 TP309S S$30908 23Cr-12Ni Wia pipe
SA-813 TP310Cb S31040 25Cr-20Ni-Cb WId. pipe
SA-813 TP310S S$31008 25Cr-20Ni WId. pipe
SA-814 TP309Cb S30940 23Cr-12Ni-Cb WI1d. pipe
SA-814 TP309S S$30908 23Cr-12Ni WI1d. pipe
SA-814 TP310Cb S31040 25Cr-20Ni-Cb WId. pipe
SA-814 TP310S $31008 25Cr-20Ni WId. pipe
SA-965 FXM-11 S21904 21Cr-6Ni-9Mn Forgings
SA-965 FXM-19 S20910 22Cr-13Ni-5Mn Forgings
SA-965 F6 S$41000 13Cr Forgings
SA-965 F304 S30400 18€r38Ni Forgings
SA-965 F304H $30409 18Cr-8Ni Forgings
SA-965 [Note (1)] F304L S30403 18Cr-8Ni Forgings
SA-965 F304N S30451, 18Cr-8Ni-N Forgings
SA-965 F310 $31000 25Cr-20Ni Forgings
SA-965 F316 S3%600 16Cr-12Ni-2Mo Forgings
SA-965 F316H S$31609 16Cr-12Ni-2Mo Forgings
SA-965 F316L S31603 16Cr-12Ni-2Mo Forgings
SA-965 F316N S31651 16Cr-12Ni-2Mo-N Forgings
SA-965 F321 $32100 18Cr-10Ni-Ti Forgings
SA-965 F321H S$32109 18Cr-10Ni-Ti Forgings
SA-965 F347 S34700 18Cr-10Ni-Cb Forgings
SA-965 F347H $34909 18Cr-10Ni-Cb Forgings
SA/EN 10028-7 [Note (2)] X2€rNi18-9 18Cr- 8Ni Plate and strip

SA/EN 10028-7 [Note (2)]
SA/EN 10028-7 [Note (2)]

SA/EN 10028-7 [Note{2)]

X2CrNiMo17-12-2
X2CrNiMoN17-11-2

X2CrNiMoN17-13-3

16Cr-12Ni-2Mo
16Cr-12Ni-2Mo-N

16Cr-12Ni-2Mo-N

Plate and strip
Plate and strip

Plate and strip

SA/EN 10028-7 [Note.(2)] X2CrNiN18-10 18Cr-8Ni-N Plate and strip
SA/EN 10028-7 [Note (2)] X5CrNi18-10 18Cr-8Ni Plate and strip
SA/EN 10028-7 {Note (2)] X5CrNiMo17-12-2 16Cr-12Ni-2Mo Plate and strip
SA/EN 10028-7 [Note (2)] X5CrNiN19-9 18Cr-8Ni-N Plate and strip
SA/EN 10028-7 [Note (2)] X6CrNiTi18-10 18Cr-8Ni-Ti Plate and strip

NOTES:

(1) For Class 2 construction only.
(2) SA/EN 10028-7 materials shall be considered as SA-240 materials with the following corresponding grades:
(a) Grade X2CrNil8-9 shall be considered as Type 304L.

(b) Grade X2CrNiMo17-12-2 shall be considered as Type 316L.

(c) Grades X2CrNiMoN17-11-2 and X2CrNiMoN17-13-3 shall be considered as Type 316LN.
(d)Grade X2CrNiN18-10 shall be considered as Type 304LN.

(e) Grade X5CrNil8-10 shall be considered as Type 304.

(f) Grade X5CrNiMo17-12-2 shall be considered as Type 316.

(g) Grade X5CrNiN19-9 shall be considered as Type 304N.

(h) Grade X6CrNiTi18-10 shall be considered as Type 321.
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Table 3-A.4
Aluminum Alloys

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SB-209 3003 A93003 Al-Mn-Cu Plate, sheet
SB-209 3004 A93004 Al-Mn-Mg Plate, sheet
SB-209 5052 A95052 Al-2.5Mg Plate, sheet
SB-209 5083 A95083 Al-4.4Mg-Mn Plate, sheet.
SB-209 5086 A95086 Al-4.0Mg-Mn Plate, sheet
SB-209 5454 A95454 Al-2.7Mg-Mn Plate; sheet
SB-209 6061 A96061 Al-Mg-Si-Cu Plate, sheet
SB-210 Allclad 3003 Al-Mn-Cu Smls. drawn tube
SB-210 3003 A93003 Al-Mn-Cu Smls. drawn tube
SB-210 6061 A96061 Al-Mg-Si-Cu Smls. drawn tube
SB-210 6063 A96063 Al-Mg-Si Smls. drawn tube
SB-221 3003 A93003 Al-Mn-Cu Bar, rod, shapes
SB-221 5083 A95083 Al-4.4Mg-Mn Bar, rod, shapes
SB-221 5454 A95454 Al-2.7Mg-Mn Bar, rod, shapes
SB-221 6061 A96061 Al-Mg-Si-Cu Bar, rod, shapes
SB-221 6063 A96063 Al-Mg=Si Bar, rod, shapes
SB-241 Allclad 3003 Al-Mn=Cu Smls. extr. tube
SB-241 3003 A93003 Al-Mn-Cu Smls. extr. tube
SB-241 3003 A93003 Al-Mn-Cu Smls. pipe
SB-241 5083 A95083 Al-4.4Mg-Mn Smls. extr. tube
SB-241 5454 A95454 Al-2.7Mg-Mn Smls. extr. tube
SB-241 6061 A96064, Al-Mg-Si-Cu Smls. extr. tube/pipe
SB-241 6061 A96061 Al-Mg-Si-Cu Smls. drawn pipe
SB-241 6063 A96063 Al-Mg-Si Smls. extr. tube/pipe
SB-308 6061 A96061 Al-Mg-Si-Cu Shapes
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Table 3-A.5
Copper Alloys
Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SB-96 €65500 97Cu-3.3Si Plate, sheet
SB-98 C65100 98.5Cu-1.5Si Rod, bar & shapes
SB-98 C65500 97Cu-3Si Rod, bar & shapes
SB-98 C66100 94Cu-3Si Rod, bar & shape§
SB-111 €28000 60Cu-20Zn Smls. tube
SB-111 C44300 71Cu-28Zn-1Sn-0.06As Smls. tubé
SB-111 C44400 71Cu-28Zn-1Sn-0.06Sb Smls. tdbe
SB-111 C44500 71Cu-28Zn-1Sn-0.06P Srals.jtube
SB-111 C60800 95Cu-5Al Smls. tube
SB-111 C70600 90Cu-10Ni Cond. tube
SB-111 C70620 90Cu-10Ni Cond. tube
SB-111 C71500 70Cu-30Ni Cond. tube
SB-111 C71520 70Cu-30Ni Cond. tube
SB-169 €61400 90Cu-7Al-3Fe Plate, sheet
SB-171 C46400 60Cu-39Zn-Sn Plate
SB-171 C70600 90Cu-10Ni Plate
SB-171 C70620 90Cu-10Ni Plate
SB-171 C71500 70Cu~30Ni Plate
SB-171 C71520 70€u-30Ni Plate
SB-187 €10200 99.95Cu-P Rod & bar
SB-187 C11000 99.9Cu Rod & bar
SB-395 C70600 90Cu-10Ni Smls. U-bend tube
SB-395 C70620, 90Cu-10Ni Smls. U-bend tube
SB-395 C71500 70Cu-30Ni Smls. U-bend tube
SB-395 C71520 70Cu-30Ni Smls. U-bend tube
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Table 3-A.6

Nickel and Nickel Alloys

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SB-127 N04400 67Ni-30Cu Plate
SB-160 N02200 99Ni Bar, rod
SB-160 N02201 99Ni-Low C Bar, rod
SB-161 N02200 99Ni Smls. pipe & tubé
SB-161 N02201 99Ni-Low C Smls. pipe & tube
SB-162 N02200 99Ni Plate, shéet, strip
SB-162 N02201 99Ni-Low C Plate, sheet, strip
SB-163 N02200 99Ni Smls) tube
SB-163 N02201 99Ni-Low C Smls. tube
SB-163 N04400 67Ni-30Cu Smls. tube
SB-163 N06600 72Ni-15Cr-8Fe Smls. tube
SB-163 N08800 33Ni-42Fe-21Cr Smls. tube
SB-163 N08810 33Ni-42Fe-21Cr Smls. tube
SB-163 N08825 42Ni-21.5Cr-3Mo-2:3Cu Smls. tube
SB-164 N04400 67Ni-30Cu Bar, rod
SB-164 N04405 67Ni-30Cu=S Bar, rod
SB-165 N04400 67Ni-30Cu Smls. pipe & tube
SB-166 N06600 72Ni-15Cr-8Fe Bar, rod
SB-167 N06600 72Ni=15Cr-8Fe Smls. pipe & tube
SB-168 N06600 72Ni-15Cr-8Fe Plate
SB-333 N10001 62Ni-28Mo-5Fe Plate, strip
SB-333 N10665 65Ni-28Mo-2Fe Plate, strip
SB-335 N10001 62Ni-28Mo-5Fe Rod
SB-335 N10665 65Ni-28Mo-2Fe Rod
SB-366 N06022 55Ni-21Cr-13.5Mo Smls. & wld. fittings
SB-366 N06059 59Ni-23Cr-16Mo Smls. fittings
SB-366 N10276 54Ni-16Mo-15Cr Smls. fittings
SB-366 N10665 65Ni-28Mo-2Fe Smls. fittings
SB-366 N06059 59Ni-23Cr-16Mo WId. fittings
SB-366 N10276 54Ni-16Mo-15Cr WId. fittings
SB-366 N10665 65Ni-28Mo-2Fe WId. fittings
SB-407 N08800 33Ni-42Fe-21Cr Smls. pipe & tube
SB-407 N08810 33Ni-42Fe-21Cr Smls. pipe & tube
SB-408 N08800 33Ni-42Fe-21Cr Bar, rod
SB-408 N08810 33Ni-42Fe-21Cr Bar, rod
SB-409 N08800 33Ni-42Fe-21Cr Plate
SB-409 N08810 33Ni-42Fe-21Cr Plate
SB-423 N08825 42Ni-21.5Cr-3Mo-2.3Cu Smls. pipe & tube
SB-424 N08825 42Ni-21.5Cr-3Mo-2.3Cu Plate, sheet, strip
SB-425 N08825 42Ni-21.5Cr-3Mo-2.3Cu Bar, rod
SB-434 N10003 70Ni-16Mo-7Cr-5Fe Plate, sheet, strip
SB-435 N06002 47Ni-22Cr-9Mo-18Fe Sheet
SB-435 N06002 47Ni-22Cr-9Mo-18Fe Plate
SB-462 N06022 55Ni-21Cr-13.5Mo Forgings
SB-462 N06059 59Ni-23Cr-16Mo Forgings
SB-462 N10276 54Ni-16Mo-15Cr Forgings
SB-462 N10665 65Ni-28Mo-2Fe Forgings
SB-511 N08330 35Ni-19Cr-1.25Si Bar
SB-514 N08800 33Ni-42Fe-21Cr Welded pipe
SB-514 N08810 33Ni-42Fe-21Cr Welded pipe
SB-515 N08300 33Ni-42Fe-21Cr Welded tube
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Table 3-A.6
Nickel and Nickel Alloys (Cont'd)

(1) For Class 2 construction only.

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SB-515 N08810 33Ni-42Fe-21Cr Welded tube
SB-516 N06600 72Ni-15Cr-8Fe Welded tube
SB-517 N06600 72Ni-15Cr-8Fe Welded tube
SB-535 N08330 35Ni-19Cr-1Y,Si Smls. & welded pipe
SB-536 NO08330 35Ni—19Cr—11/4Si Plate, sheet, strip
SB-564 N04400 67Ni-30Cu Forgings
SB-564 N06022 55Ni-21Cr-13.5Mo Forgings
SB-564 N06059 59Ni-23Cr-16Mo Forgings
SB-564 N06600 72Ni-15Cr-8Fe Forgings
SB-564 N08800 33Ni-42Fe-21Cr Forgings
SB-564 N08810 33Ni-42Fe-21Cr Eorgings
SB-564 [Note (1)] N08825 42Ni-21.5Cr-3Mo-2.3Cu Forgings
SB-572 N06002 47Ni-22Cr-9Mo-18Fe Rod
SB-573 N10003 70Ni-16Mo-7Cr-5Fe Rod
SB-574 N06022 55Ni-21Cr-13.5Mo Rod
SB-574 N06059 59Ni-23Cr-16Mo Rod
SB-574 N06455 61Ni-16Mo-16Cr Rod
SB-574 N10276 54Ni-16Mo-15€r Rod
SB-575 N06022 55Ni-21Cr-13:5Mo Plate, sheet & strip
SB-575 N06059 59Ni=23Cr=16Mo Plate, sheet & strip
SB-575 N06455 61Ni~16Mo-16Cr Plate, sheet & strip
SB-575 N10276 54Ni-16Mo-15Cr Plate, sheet & strip
SB-581 N06007 47Ni-22Cr-19Fe-6Mo Rod
SB-582 N06007 47Ni-22Cr-19Fe-6Mo Plate, sheet, strip
SB-619 N06002 47Ni-22Cr-9Mo-18Fe Welded pipe
SB-619 N06007 47Ni-22Cr-19Fe-6Mo Welded pipe
SB-619 N06022 55Ni-21Cr-13.5Mo Welded pipe
SB-619 N06059 59Ni-23Cr-16Mo Welded pipe
SB-619 N06455 61Ni-16Mo-16Cr Welded pipe
SB-619 N10001 62Ni-28Mo-5Fe Welded pipe
SB-619 N10276 54Ni-16Cr-16Mo-5.5Fe Welded pipe
SB-619 N10665 65Ni-28Mo-2Fe Welded pipe
SB-622 N06002 47Ni-22Cr-9Mo-18Fe Smls. pipe & tube
SB-622 N06007 47Ni-22Cr-19Fe-6Mo Smls. pipe & tube
SB-622 N06022 55Ni-21Cr-13.5Mo Smls. pipe & tube
SB-622 N06059 59Ni-23Cr-16Mo Smls. pipe & tube
SB-622 N06455 61Ni-16Mo-16Cr Smls. pipe & tube
SB-622 N10001 62Ni-28Mo-5Fe Smls. pipe & tube
SB-622 N10276 54Ni-16Cr-16Mo-5.5Fe Smls. pipe & tube
SB-622 N10665 65Ni-28Mo-2Fe Smls. pipe & tube
SB-626 N06002 47Ni-22Cr-9Mo-18Fe Welded tube
SB-626 N06007 47Ni-22Cr-19Fe-6Mo Welded tube
SB-626 N06022 55Ni-21Cr-13.5Mo Welded tube
SB-626 N06059 59Ni-23Cr-16Mo Welded tube
SB-626 N06455 61Ni-16Mo-16Cr Welded tube
SB-626 N10001 62Ni-28Mo-5Fe Welded tube
SB-626 N10276 54Ni-16Cr-16Mo-5.5Fe Welded tube
SB-626 N10665 65Ni-28Mo-2Fe Welded tube
NOTE:
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Table 3-A.7

Titanium and Titanium Alloys

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SB-265 1 R50250 Ti Plate, sheet, strip
SB-265 2 R50400 Ti Plate, sheet, strip
SB-265 3 R50550 Ti Plate, sheet, strip
SB-265 7 R52400 Ti-Pd Plate, sheet, strip
SB-265 16 R52402 Ti-Pd Plate, sheet, strip
SB-265 12 R53400 Ti-0.3Mo-0.8Ni Plate, sheet, stfip
SB-338 1 R50250 Ti Smls. tube
SB-338 2 R50400 Ti Smls. tube
SB-338 3 R50550 Ti Smls. tube
SB-338 7 R52400 Ti-Pd Smls) tube
SB-338 [Note (1)] 16 R52402 Ti-Pd Smls. tube
SB-338 12 R53400 Ti-0.3Mo-0.8Ni Smls. tube
SB-338 1 R50250 Ti WId. tube
SB-338 2 R50400 Ti WId. tube
SB-338 3 R50550 Ti WId. tube
SB-338 7 R52400 Ti-Pd WId. tube
SB-338 [Note (1)] 16 R52402 Ti-Pd WId. tube
SB-338 12 R53400 Ti-0.3Mo<0:8Ni WId. tube
SB-348 1 R50250 Ti Bar, billet
SB-348 R50400 Ti Bar, billet
SB-348 3 R50550 Ti Bar, billet
SB-348 7 R52400 Ti-Pd Bar, billet
SB-348 [Note (1)] 16 R52402 Ti-Pd Bar, billet
SB-348 12 R53400 Ti-0.3Mo-0.8Ni Bar, billet
SB-381 F1 R50250 Ti Forgings
SB-381 F2 R50400 Ti Forgings
SB-381 F3 R50550 Ti Forgings
SB-381 F7 R52400 Ti-Pd Forgings
SB-381 [Note (1)] F16 R52402 Ti-Pd Forgings
SB-381 F12 R53400 Ti-0.3Mo-0.8Ni Forgings
SB-861 1 R50250 Ti Smls. pipe
SB-861 2 R50400 Ti Smls. pipe
SB-861 3 R50550 Ti Smls. pipe
SB-861 7 R52400 Ti-Pd Smls. pipe
SB-861 12 R53400 Ti-0.3Mo-0.8Ni Smls. pipe
SB-862 1 R50250 Ti WId. pipe
SB-862 2 R50400 Ti WId. pipe
SB-862 3 R50550 Ti WId. pipe
SB-862 7 R52400 Ti-Pd WId. pipe
SB-862 12 R53400 Ti-0.3Mo-0.8Ni WId. pipe
NOTE:

(1) Eor Class 2 construction only.
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Table 3-A.8
Ferrous Bolting Materials for Design in Accordance With Part 4
Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
Low Alloy Steel Bolts
SA-193 B5 K50100 5Cr -%,Mo Bolting
SA-193 B7 G41400 1Cr-YsMo Bolting
SA-193 B7M G41400 1Cr-"%5Mo Bolting
SA-193 B16 K14072 1Cr-,Mo-V Bolting
SA-320 L7 G41400 1Cr-YsMo Bolting
SA-320 L7A G40370 C-Y,Mo Bolting
SA-320 L7M G41400 1Cr-"%5Mo Bolting
SA-320 L43 G43400 13/,Ni-3/,Cr-Y,Mo Bolting
SA-325 1 K02706 Carbon steel Bolting
SA-354 BC K04100 Carbon steel Bolting
SA-354 BD K04100 Carbon steel Bolting
SA-437 B4B K91352 12Cr-1Mo-V-W Bolting
SA-437 B4C K91352 12Cr-1Mo-V-W Bolting
SA-449 K04200 Carbon steel Bolting
SA-449 K04200 Carbon steel Bolting
SA-449 K04200 Carben steel Bolting
SA-508 5, CL 2 K42365 3YoNi=1%/,Cr-,Mo-V Bolting
SA-540 B21,CL 1 K14073 1Cr="/,Mo-V Bolting
SA-540 B21, CL 2 K14073 1Cr-/,Mo-V Bolting
SA-540 B21, CL 3 K14073 1Cr-,Mo-V Bolting
SA-540 B21, Cl 4 K14073 1Cr-,Mo-V Bolting
SA-540 B21,CL 5 K14073 1Cr-,Mo-V Bolting
SA-540 B23,CL 1 H43400 2Ni-¥/,Cr-Y,Mo Bolting
SA-540 B23, Cl. 2 H43400 2Ni-%,Cr-Y,Mo Bolting
SA-540 B23,Cl 3 H43400 2Ni-¥,Cr-Y,Mo Bolting
SA-540 B23, Cl. 4 H43400 2Ni-¥,Cr-Y,Mo Bolting
SA-540 B23,CL 5 H43400 2Ni-¥,Cr-Y,Mo Bolting
SA-540 B24, CL."4 K24064 2Ni-¥,Cr-Y%Mo Bolting
SA-540 B24, CI)2 K24064 2Ni-¥,Cr-Y;Mo Bolting
SA-540 B22,Cl 3 K24064 2Ni-¥,Cr-;Mo Bolting
SA-540 B24, Cl. 4 K24064 2Ni-¥,Cr-Y%Mo Bolting
SA-540 B24, Cl. 5 K24064 2Ni-¥,Cr-YMo Bolting
SA-540 B24V, Cl 3 K24070 2Ni-/,Cr-YMo-V Bolting
Low Alloy Steel Nuts
SA-194 2 Nuts
SA-194 2H Nuts
SA-194 2HM Nuts
SA-194 3 Nuts
SA-194 4 Nuts
SA-194 7 Nuts
SA-194 7™ Nuts
SA-194 16 Nuts
SA-540 B21 Nuts
SA-540 B23 Nuts
SA-540 B24 Nuts
SA-540 B24V Nuts
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Table 3-A.8

Ferrous Bolting Materials for Design in Accordance With Part 4 (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
High Alloy Steel Bolts
SA-193 B6 $41000 13Cr Bolting
SA-193 B8, Cl. 1 $30400 18Cr-8Ni Bolting
SA-193 B8, Cl. 2 $30400 18Cr-8Ni Bolting
SA-193 B8C, Cl. 1 $34700 18Cr-10Ni-Cb Bolting
SA-193 B8C, Cl. 2 $34700 18Cr-10Ni-Cb Bolting
SA-193 B8M, Cl. 1 S$31600 16Cr-12Ni-2Mo Bolting
SA-193 B8M2 S$31600 16Cr-12Ni-2Mo Bolting
SA-193 B8M2 S31600 16Cr-12Ni-2Mo Bolting
SA-193 B8M2 S$31600 16Cr-12Ni-2Mo Bolting
SA-193 B8MNA, ClL. 1A S31651 16Cr-12Ni-2Mo-N Bolting
SA-193 B8NA, Cl. 1A $30451 18Cr-8Ni-N Bolting
SA-193 B8P, Cl. 1 $30500 18Cr-11Ni Bolting
SA-193 B8P, Cl. 2 $30500 18Cr-11Ni Bolting
SA-193 B8S $21800 18Cr-8Ni-4Sj-N Bolting
SA-193 B8SA $21800 18Cr-8Ni4Si=N Bolting
SA-193 B8T, Cl. 1 $32100 18Cr~10Ni-Ti Bolting
SA-193 B8T, CI. 2 S32100 18€rx10Ni-Ti Bolting
SA-320 B8, Cl. 1 S30400 18Cr-8Ni Bolting
SA-320 B8, Cl. 2 S30400 18Cr-8Ni Bolting
SA-320 B8A, Cl. 1A $30400 18Cr-8Ni Bolting
SA-320 B8C, Cl. 1 S34700 18Cr-10Ni-Cb Bolting
SA-320 B8C, Cl. 2 S34700 18Cr-10Ni-Cb Bolting
SA-320 B8CA, Cl. 1A S34700 18Cr-10Ni-Cb Bolting
SA-320 B8F, Cl. 1 §30323 18Cr-8Ni-S Bolting
SA-320 B8FA, CL. 1A S§30323 18Cr-8Ni-S Bolting
SA-320 B8M, Cl. 1 S$31600 16Cr-12Ni-2Mo Bolting
SA-320 B8M, Cl.2 S31600 16Cr-12Ni-2Mo Bolting
SA-320 B8MANCL. 1A S$31600 16Cr-12Ni-2Mo Bolting
SA-320 B8T, €I* 1 S$32100 18Cr-10Ni-Ti Bolting
SA-320 B8T) CL. 2 S$32100 18Cr-10Ni-Ti Bolting
SA-320 B8TA, Cl. 1A $32100 18Cr-10Ni-Ti Bolting
SA-453 651, Cl. A $63198 19Cr-9Ni-Mo-W Bolting
SA-453 651, CL. B 563198 19Cr-9Ni-Mo-W Bolting
SA-453 660, Cl. A S66286 25Ni-15Cr-2Ti Bolting
SA-453 660, Cl. B 566286 25Ni-15Cr-2Ti Bolting
SA-479 XM-19 S20910 22Cr-13Ni-5Mn Bolting
SA-564 630 $17400 17Cr-4Ni-4Cu Bolting
SA-705 630 S17400 17Cr-4Ni-4Cu Bolting
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Table 3-A.9
Aluminum Alloy and Copper Alloy Bolting Materials for Design in Accordance With Part 4
Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
SB-211 2014 A92014 Bolting
SB-211 2024 A92024 Bolting
SB-211 6061 A96061 Bolting
SB-98 C65100 98.5Cu-1.5Si Rod
SB-98 C65500 97Cu-3Si Rod
SB-98 €66100 94Cu-3Si Rod
SB-150 61400 90Cu-7Al-3Fe Bar,
SB-150 €61400 90Cu-7Al-3Fe Rod
SB-150 €62300 81Cu-10Al-5Ni-3Fe Bar
SB-150 €63000 81Cu-10AI-5Ni-3Fe Red
SB-150 C63000 81Cu-10AI-5Ni-3Fe Bar
SB-150 C64200 91Cu-7AI-2Si Bar
SB-150 C64200 91Cu-7AI-2Si Rod
SB-187 C10200 99.95Cu-P Rod
SB-187 C11000 99.9Cu Rod

Table 3-A.10
Nickel and Nickel Alloy Bolting Materials for Design in Accordance With Part 4

Material Specification Type/Grade/Class UNS Noy Nominal Composition Product Form
SB-160 N02200 99 Ni Bolting
SB-160 N02201 99Ni-Low C Bolting
SB-164 N04400 67Ni-30Cu Bolting
SB-164 N04405 67Ni-30Cu Bolting
SB-166 N06600 72Ni-15Cr-8Fe Bolting
SB-335 N10001 62Ni-28Mo-5Fe Bolting
SB-335 N10665 65Ni-28Mo-2Fe Bolting
SB-408 N08800 33Ni-42Fe-21Cr Bolting
SB-408 N08810 33Ni-42Fe-21Cr Bolting
SB-425 N08825 42Ni-21.5Cr-3Mo-2.3Cu Bolting
SB-446 1 N06625 60Ni-22Cr-9Mo-3.5Cb Bolting
SB-572 N06002 47Ni-22Cr-9Mo-18Fe Bolting
SB-572 R30556 21Ni-30Fe-22Cr-18Co- Bolting

3Mo-3W
SB-573 N10003 70Ni-16Mo-7Cr-5Fe Bolting
SB-574 N06022 55Ni-21Cr-13.5Mo Bolting
SB=574 N06455 61Ni-16Mo-16Cr Bolting
SB-574 N10276 54Ni-16Mo-15Cr Bolting
$B-581 N06007 47Ni-22Cr-19Fe-6Mo Bolting
SB-581 N06030 40Ni-29Cr-15Fe-5Mo Bolting
SB-581 N06975 49Ni-25Cr-18Fe-6Mo Bolting
SB-621 N08320 26Ni-43Fe-22Cr-5Mo Bolting
SB-637 N07718 53Ni-19Cr-19Fe-Cb-Mo Bolting
SB-637 2 N07750 70Ni-16Cr-7Fe-Ti-Al Bolting
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Table 3-A.11

Bolting Materials for Design in Accordance With Part 5

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
Low Alloy Steel Bolts
SA-193 B5 K50100 5Cr -Y,Mo Bolting
SA-193 B7 G41400 1Cr-YsMo Bolting
SA-193 B7M G41400 1Cr-YsMo Bolting
SA-193 B16 K14072 1Cr-Y,Mo-v Bolting
SA-320 L43 G43400 1%,Ni-¥,Cr-Y,Mo Bolting
SA-437 B4B K91352 12Cr-1Mo-V-W Bolting
SA-437 B4C K91352 12Cr-1Mo-V-W Bolting
SA-540 B21Cl 1 K14073 1Cr-Y,Mo-V Bolting
SA-540 B21 Cl. 2 K14073 1Cr-Y,Mo-V Bolting
SA-540 B21CL 3 K14073 1Cr-,Mo-V Bolting
SA-540 B21 Cl 4 K14073 1Cr-%,Mo-V Bolting
SA-540 B21CL5 K14073 1Cr-Y,Mo-V Bolting
SA-540 B22 Cl. 1 K41420 1Cr-1Mn-Y,Mo Bolting
SA-540 B22 Cl. 2 K41420 1Cr-1Mn-Y,Mé& Bolting
SA-540 B22 Cl. 3 K41420 1Cr-1Mn-Y,Ma Bolting
SA-540 B22 Cl. 4 K41420 1Cr-1Mn-",Mo Bolting
SA-540 B22 Cl. 5 K41420 1Gr-1Mn-Y,Mo Bolting
SA-540 B23Cl 1 H43400 2Ni-/,Cr-Y,Mo Bolting
SA-540 B23 CL 2 H43400 2Ni-3/,Cr-Y,Mo Bolting
SA-540 B23 Cl. 3 H43400 2Ni-%,Cr-Y,Mo Bolting
SA-540 B23 ClL 4 H43400 2Ni-%,Cr-Y,Mo Bolting
SA-540 B23ClL5 H43400 2Ni-¥/,Cr-Y,Mo Bolting
SA-540 B24 CL 1 K24064 2Ni-¥,Cr-Y;Mo Bolting
SA-540 B24 Cl. 2 K24064 2Ni-%,Cr-%Mo Bolting
SA-540 B24 Cl. 3 K24064 2Ni-¥/,Cr-Y;Mo Bolting
SA-540 B24 Cl. 4 K24064 2Ni-¥,Cr-Y;Mo Bolting
SA-540 B24 CL. 5 K24064 2Ni-%,Cr-%Mo Bolting
SA-540 B24V Cl. 3 K24070 2Ni-3/,Cr-YsMo-V Bolting
High Alloy Steel Bolts
SA-193 B6 S$41000 13Cr Bolting
SA-193 B8 ClL 1 $30400 18Cr-8Ni Bolting
SA-193 B8C Clul $34700 18Cr-10Ni-Cb Bolting
SA-193 B8M.{l. 1 $31600 16Cr-12Ni-2Mo Bolting
SA-193 B8MNA Cl. 1A $31651 16Cr-12Ni-2Mo-N Bolting
SA-193 BSNA Cl. 1A $30451 18Cr-8Ni-N Bolting
SA-193 B8S $21800 18Cr-8Ni-4Si-N Bolting
SA-193 B8SA $21800 18Cr-8Ni-4Si-N Bolting
SA-193 B8T Cl. 1 $32100 18Cr-10Ni-Ti Bolting
SA-193 B8R, Cl. 1C $20910 22Cr-13Ni-5Mn Bolting
SA-193 BSRA $20910 22Cr-13Ni-5Mn Bolting
SA-453 651 Cl. A $63198 19Cr-9Ni-Mo-W Bolting
SA-453 651 CL. B $63198 19Cr-9Ni-Mo-W Bolting
SA-453 660 Cl. A $66286 25Ni-15Cr-2Ti Bolting
SA-453 660 Cl. B $66286 25Ni-15Cr-2Ti Bolting
SA-564 630 $17400 17Cr-4Ni-4Cu Bolting
SA-564 Temper H1100 $17400 17Cr-4Ni-4Cu Bolting
SA-705 630 $17400 17Cr-4Ni-4Cu Bolting
SA-705 Temper H1100 $17400 17Cr-4Ni-4Cu Bolting
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Table 3-A.11
Bolting Materials for Design in Accordance With Part 5 (Cont'd)

Material Specification Type/Grade/Class UNS No. Nominal Composition Product Form
Nickel Alloy Bolts
SB-164 N04400 67Ni-30Cu Bolting
SB-164 N04405 67Ni-30Cu-S Bolting
SB-637 NO07718 53Ni-19Cr-19Fe-Cb-Mo Bolting
SB-637 2 N07750 70Ni-16Cr-7Fe-Ti-Al Bolting
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ANNEX 3-B
REQUIREMENTS FOR MATERIAL PROCUREMENT

(Currently Not Used)
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ANNEX 3-D
STRENGTH PARAMETERS

(Normative)

3-D.1 YIELD STRENGTH

Values for the yield strength as a function of temperature are provided in Section II, Part D«Subpart 1, Table Y-1.

If the material being used is not listed in Table Y-1, while being listed in other tables of Section II, Part D, Subpart 1, or
the specified temperature exceeds the highest temperature for which a value is provided, the‘yield strength may be de-
termined as in (a) and (b) for use in the design equations in Part 4. S is the maximum allowable stress of the material at
the temperature specified (see Annex 3-A) and f is the factor (e.g., weld factor) used to.determine the allowable stress as
indicated in the notes for the stress line. If the value of f is not provided, set f equal to 1.

(a) If the allowable design stress is established based on the 66%;% yield criterion, then the yield strength, Sy, shall be
taken as 1.5S /f.

(b) If the allowable design stress is established based on yield critetion between 66%;% and 90%, then the yield
strength, Sy, shall be taken as 1.1S/f.

NOTE: For temperatures where the allowable stress, S, is based on time dependent properties, the yield strength obtained by these formulas
may be overly conservative .

3-D.2 ULTIMATE TENSILE STRENGTH

Values for the ultimate tensile strength as afunction of temperature are provided in Section II, Part D, Subpart 1,
Table U.

3-D.3 STRESS STRAIN CURVE

The following model for the stféss-strain curve shall be used in design calculations where required by this Division
when the strain hardening characteristics of the stress-strain curve are to be considered. The yield strength and ulti-
mate tensile strength in 3-D71 and 3-D.2 may be used in this model to determine a stress-strain curve at a specified
temperature.

0,
&= E—; TNty (3-D.1)

When ¥\+'Y; < g, eq. (3-D.1) shall be reduced to

Ot
&=5 3-D.2
E, (3-D.2)
where
"= %[1.0 - tanh[H]) (3-D.3)
2= 2(10 + tann[1]} (3-D.4)
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g = (ﬁjmﬁ (3-D.5)

A= ———p7 (3-D.6)

e = SURJ* (&~ &s)
1 n{ W1+ gp]} (3-D.7)

ey = [ﬂ]mz (3-D.8)
Ay
Oyts€XPp| M
Ay = % (3-D.9)
2{0 —|:o + K| 0, — O, }
T (ows — s (3-D.10)
K(Uuts - Uys)
0,
R= 2% (3-D.11)
Outs,
Sys = 0.002 (3'D12)
K'=1.5R" — 0.5R%5 _ g3° (3-D.13)

The parameters m;, and ¢,, are providedin Table 3-D.1. The development of the stress strain curve should be limited
to a value of true ultimate tensile stress'at'true ultimate tensile strain. The stress strain curve beyond this point should
be perfectly plastic. The value of true ultimate tensile stress at true ultimate tensile strain is calculated as follows:

Outs,t = Outs exp[m2:| (3-D.14)

3-D.4 CYCLIC-STRESS STRAIN CURVE

The cyclic stress-strain curve of a material (i.e., strain amplitude versus stress amplitude) may be represented by eq.
(3-D.153.The material constants for this model are provided in Table 3-D.2.

1

Ness
Erg= 4 4| 2L (3-D.15)
Ey Kess

The hysteresis loop stress-strain curve of a material (i.e., strain range versus stress range) obtained by scaling the
cyclic stress—strain curve by a factor of two is represented by eq. (3-D.16). The material constants provided in Table
3-D.2 are also used in this equation.

1

igss
=0 42 O (3-D.16)
E, 2K g
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3-D.5 TANGENT MODULUS
3-D.5.1 TANGENT MODULUS BASED ON THE STRESS-STRAIN CURVE MODEL

The tangent modulus based on the stress-strain curve model in 3-D.3 is given by the following equation.

where

-1 -1
Et:‘g—‘;f:(z—zzj —(E—1y+Dl+DZ+D3+D4] (3-D.17)
S
Dy = "’-‘[L(ll) (3-D.18)
2m1A1W1
A -1
IS § R S | 3 | S N PORPUNe 1% NS O (v h[H 3-D.19
2 > Al(%l) o\ M K(Uuts—o'_ys) { tan [ ]}+ mlat tan [ ] ( )
1
D3 = ‘*(Lll] (3-D.20)
ZmZAz(WZ]
L_l]
PV N 73 ) I S PR T i(’"z h[H 3-D.21
4 2 AZ(%Z] o\ M2 K(Uuts_ays) { tan [ ]}+ mzat tan [ ] ( )

The parameter K is given by eq. (3-D.13).
3-D.5.2 TANGENT MODULUS BASED ON EXTERNAL-PRESSURE CHARTS

An acceptable alternative for calculating the Tangent Modulus is to use the External Pressure charts in Section II, Part
D, Subpart 3, including the notes to Subpart 3. The appftopriate chart for the material under consideration is assigned in
the column designated External Pressure Chart Number given in Table 5A or 5B. The tangent modulus, E¢, is equal to
2B /A, where A is the strain given on the abscissa.and B is the stress value on the ordinate of the chart.

3-D.6 NOMENCLATURE

nCSS

Section I, Part D, Subpart'3 external pressure chart A-value

curve fitting constant-for, the elastic region of the stress-strain curve
curve fitting constant-for the plastic region of the stress-strain curve
Section II, Part DxSubpart 3 external pressure chart B-value
coefficient usedtin the tangent modulus

coefficient-ised in the tangent modulus

coefficient-used in the tangent modulus

coeffitient used in the tangent modulus

tangent modulus of elasticity evaluated at the temperature of interest
modulus of elasticity evaluated at the temperature of interest, see Annex 3-E
stress-strain curve fitting parameter

material parameter for stress-strain curve model

= material parameter for the cyclic stress-strain curve model

curve fitting exponent for the stress-strain curve equal to the true strain at the proportional limit and the strain
hardening coefficient in the large strain region

= curve fitting exponent for the stress-strain curve equal to the true strain at the true ultimate stress
= material parameter for the cyclic stress-strain curve model

engineering yield to engineering tensile ratio
true plastic strain in the micro-strain region of the stress-strain curve

= true plach’r strain in the macro-strain rpginn of the stress—strain curve
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£, = stress-strain curve fitting parameter
&, = total true strain
£.q = total true strain amplitude
&¢r = total true strain range
£,s = 0.2% engineering offset strain
y1 = true strain in the micro-strain region of the stress-strain curve
y, = true strain in the macro-strain region of the stress-strain curve
o, = total stress amplitude
o, = total stress range
0. = true stress at which the true strain will be evaluated, may be a membrane, membrane plus bending,.or-mem-
brane, membrane plus bending plus peak stress depending on the application
Ou:s = engineering ultimate tensile stress evaluated at the temperature of interest, see 3-D.2
Outs,e = true ultimate tensile stress evaluated at the true ultimate tensile strain
0,s = engineering yield stress evaluated at the temperature of interest, see 3-D.1
3-D.7 TABLES
Table 3-D.1 (23)
Stress—Strain Curve Parameters
Material Temperature Limit m> Ep
Ferritic steel [Note (1)] 480°C (900°F) 0.60X(1.00 - R) 2.0E-5
Stainless steel and nickel base alloys 480°C (900°F) 0.75 (1.00 - R) 2.0E-5
Duplex stainless steel 480°C (900°F) 0.70 (0.95 - R) 2.0E-5
Precipitation-hardening, nickel-based 540°C (1,000°F) 1.09 (0.93 - R) 2.0E-5
austenitic alloys
Aluminum 120°C (250°F) 0.52 (0.98 - R) 5.0E-6
Copper 65°C (150°F) 0.50 (1.00 - R) 5.0E-6
Titanium and zirconium 260°C (500°F) 0.50 (0.98 - R) 2.0E-5
NOTE:

(1) Ferritic steel includes carbon, low alloy, and alloyssteels, and ferritic, martensitic, and iron-based age-hardening stainless steels.

Table 3-D.2 (23)
Cyclic Stress-Strain Curve Data

Material Description Temperature, °F Negs K s, Ksi

Carbon steel (0.75 in. — base metal) 70 0.128 109.8
390 0.134 105.6
570 0.093 107.5
750 0.109 96.6

Carbon steel (0.%5 in. — weld metal) 70 0.110 100.8
390 0.118 99.6
570 0.066 100.8
750 0.067 79.6

Garbon steel (2 in. — base metal) 70 0.126 100.5
390 0.113 92.2
570 0.082 107.5
750 0.101 93.3

Carbon steel (4 in. — base metal) 70 0.137 111.0
390 0.156 115.7
570 0.100 108.5
750 0.112 96.9
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Table 3-D.2
Cyclic Stress-Strain Curve Data (Cont'd)

Material Description Temperature, °F Negs K s, ksi
1Cr-"%4Mo (0.75 in. — base metal) 70 0.116 95.7
390 0.126 95.1
570 0.094 90.4
750 0.087 90.8
1Cr-%,Mo (0.75 in. — weld metal) 70 0.088 96.9
390 0.114 102.7
570 0.085 991
750 0.076 86.9
1Cr-Y%,Mo (0.75 in. — base metal) 70 0.105 92.5
390 0.133 99.2
570 0.086 88.0
750 0.079 83.7
1Cr-1Mo-Y,V 70 0.128 156.9
750 0128 132.3
930 0.143 118.2
1,020 0.133 100.5
1,110 0.153 80.6
2Y,Cr-1Mo 70 0.100 115.5
570 0.109 107.5
750 0.096 105.9
930 0.105 94.6
1,110 0.082 62.1
9Cr-1Mo 70 0.177 141.4
930 0.132 100.5
1,020 0.142 88.3
1,110 0.121 64.3
1,200 0.125 49.7
Type 304 70 0.171 178.0
750 0.095 85.6
930 0.085 79.8
1,110 0.090 65.3
1,290 0.094 44.4
Type 304 (Annealed) 70 0.334 330.0
800H 70 0.070 91.5
930 0.085 110.5
1,110 0.088 105.7
1,290 0.092 80.2
1,470 0.080 45.7
Aluminum (Al-4.5Zn-0:6Mn) 70 0.058 65.7
Aluminum (Al=-4:5Zh-1.5Mg) 70 0.047 74.1
Aluminum (1100-T6) 70 0.144 223
Aluminum (2014-T6) 70 0.132 139.7
Aluminum (5086) 70 0.139 96.0
Aluminum (6009-T4) 70 0.124 83.7
Aluminum (6009-T6) 70 0.128 91.8
Copper 70 0.263 99.1
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Table 3-D.2M
Cyclic Stress-Strain Curve Data

Material Description Temperature, °C Negs K.ss, MPa
Carbon Steel (20 mm — base metal) 20 0.128 757
200 0.134 728
300 0.093 741
400 0.109 666
Carbon Steel (20 mm — weld metal) 20 0.110 695
200 0.118 687
300 0.066 695
400 0.067 549
Carbon Steel (50 mm — base metal) 20 0.126 693
200 0.113 636
300 0082 741
400 001 643
Carbon Steel (100 mm — base metal) 20 0.137 765
200 0.156 798
300 0.100 748
400 0.112 668
1Cr-,Mo (20 mm — base metal) 20 0.116 660
200 0.126 656
300 0.094 623
400 0.087 626
1Cr-"4Mo (20 mm — weld metal) 20 0.088 668
200 0.114 708
300 0.085 683
400 0.076 599
1Cr-'%,Mo (50 mm — base metal) 20 0.105 638
200 0.133 684
300 0.086 607
400 0.079 577
1Cr-1Mo-Y,v 20 0.128 1082
400 0.128 912
500 0.143 815
550 0.133 693
600 0.153 556
2Y,Cr-1Mo 20 0.100 796
300 0.109 741
400 0.096 730
500 0.105 652
600 0.082 428
9Cr-1Mo, 20 0.117 975
500 0.132 693
550 0.142 609
600 0.121 443
650 0.125 343
Type 304 20 0.171 1227
400 0.095 590
500 0.085 550
600 0.090 450
700 0.094 306
Type 304 (annealed) 20 0.334 2275

(23)
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Table 3-D.2M
Cyclic Stress-Strain Curve Data (Cont'd)

Material Description Temperature, °C Negs K. s, MPa
800H 20 0.070 631
500 0.085 762
600 0.088 729
700 0.092 553
800 0.080 315
Aluminum (Al-4.5Zn-0.6Mn) 20 0.058 453
Aluminum (Al-4.5Zn-1.5Mg) 20 0.047 511
Aluminum (1100-T6) 20 0.144 154
Aluminum (2014-T6) 20 0.132 963
Aluminum (5086) 20 0.139 662
Aluminum (6009-T4) 20 0,124 577
Aluminum (6009-T6) 20 0:128 633
Copper 20 0.263 683
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ANNEX 3-E
PHYSICAL PROPERTIES

(Normative)

3-E.1 YOUNG'S MODULUS

Values for the Young’s Modulus as a function of temperature are provided in Section II, Batt D.

3-E.2 THERMAL EXPANSION COEFFICIENT

Values for the thermal expansion coefficient as a function of temperature are\provided in Section II, Part D.

3-E.3 THERMAL CONDUCTIVITY

Values for the thermal conductivity as a function of temperature @re/provided in Section II, Part D.

3-E.4 THERMAL DIFFUSIVITY

Values for the thermal diffusivity as a function of tempetature are provided in Section II, Part D.
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ANNEX 3-F
DESIGN FATIGUE CURVES

(Normative)

3-F.1 SMOOTH BAR DESIGN FATIGUE CURVES
3-F.11

Fatigue analysis performed through direct interpretation of the smooth bar fatigue curvesfgund in 3-F.5 requires the
calculated stress amplitude, S, be corrected for temperature by the ratio of the modulus ofelasticity of the given fatigue
curve to the value used in the analysis. The equations used to correct S, for the temperature effect based upon the dif-
ferent material fatigue curves are provided in Table 3-F.1. The temperature-corrected 'stress amplitude, S, is then used
to enter the smooth bar fatigue curves to determine the number of allowable cycles, N.

NOTES:

(1) For Carbon, Low Alloy, Series 4XX High Alloy, and High Tensile Strength Steels for temperatures not exceeding 371°C (700°F), the fa-
tigue curve values may be interpolated for intermediate values of the ultimate tensile\strength.

(2) For Wrought 70-30 Copper-Nickel for temperatures not exceeding 371°C (700°F), the fatigue curve values may be interpolated for in-
termediate values of the minimum specified yield strength.

(23) 3-F.1.2

Fatigue analysis performed using smooth bar fatigue\curve models in equation form is provided below. The fatigue
curves and the associated equations for different materials are also shown below.

(a) Carbon, Low Alloy, Series 4XX High Alloy,-and'High Tensile Strength Steels for temperatures not exceeding 371°C
(700°F). The fatigue curve values may be interpolated for intermediate values of the ultimate tensile strength.

Y = log[28.3 Ez(iﬂ (3-F.1)
Er

(1) For o,,s <552 MPa (80 Kksi) (see Figures 3-F.1M and 3-F.1) and for 48 MPa (7 ksi) < S, < 3999 MPa (580 ksi)

6785.5644

X= - 47065245 + 1813,6228Y + ~ -~ — 368.12404Y% - Y

+30.708204Y3 +

5133.2734-5 for 10

1596.1916
= >20 (3-F2)

381309 - 60.1705Y? + 25.0352y*
1 + 1.80224Y% — 4.68904Y* + 2.26536Y°

X for 10¥ < 20 (3-F.3)

(2) Fox o},;s = 793 MPa to 892 MPa (115 ksi to 130 ksi) (see Figures 3-F.2M and 3-F.2) and for 77.2 MPa (11.2 ksi) <
Sa <2896 MPa (420 ksi)

537689 — 5.25401Y + 1.14427Y2

= 5 5 for 10" > 43 (3-F.4)
1 - 0.960816Y + 0.291399Y“ - 0.0562968Y

~9.41749 + 14.7982Y — 5.94Y2

Y
= for 10" < 43 (3-F.5)
1 — 3.46282Y + 3.63495Y% — 1.21849Y3

X

(b) Series 3XX High Alloy Steels, Austenitic-Ferritic Duplex Stainless Steels, Nickel-Chromium-Iron Alloy, Nickel-

Iron-Chromium Alloy, and Nickel-Copper Alloy for temperatures not exceeding 427°C (800°F) (see Figures 3-F.3M
and 3-F ?) and for 93 7 MPa (1 36 l(ci) S—< 6000 MPa (R7n l(ci)
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Y = log[28.3 Es[iﬂ (3-F.6)
Er

_17.0181 - 19.8713Y + 42136672

o for 10" > 14.4 (-F.7)
1 - 0.1720606Y - 0.633592Y

1 Y
i3ze1m(y) 010 < 144 (3°F8)

Y2

X=

—-0.331096 +

(c) Wrought 70-30 Copper-Nickel for temperatures not exceeding 371°C (700°F). The fatigue curve values may be
interpolated for intermediate values of the minimum specified yield strength.

Y = log[Z0.0 E3[ﬁﬂ (3-F.9)
Er

(1) For 0, < 134 MPa (18 ksi) (see Figures 3-F.4M and 3-F.4) and for 83 MPa (12 ksi)'</S, <1793 MPa (260 ksi)

01186  15.12In(Y) = 7.087

X= —-2632 + ln(Y) + V2 + /2

(3-F.10)

(2) For o,,s = 207 MPa (30 ksi) (see Figures 3-F.5M and 3-F.5) and for 62 MPa (9 ksi) < S, <1793 MPa (260 ksi)

8.261383 In (¥)

X =8.580044 — 1.889784Y - for 10¥ > 24.5 (3-F.11)

6.649501 In (Y)

X =5.89029 — 0.2280247Y - for 10Y < 24.5 (3-F.12)

(3) For 0, = 310 MPa (45 ksi) (see Figures 3-F.6M-and 3-F.6) and for 34 MPa (5 ksi) < S, <1793 MPa (260 ksi)

8936.214  36034,88 + 72508.69  72703.36 29053.66

Y
X= - 8849989 + + for 10" > 46 3-F.13
Y2 y3 y* Y° ( )

109.168 * 236.7921 + 257.9938  137.1654 28.55546

Y
X= -1750197 + + for 10" < 46 3-F.14
Y2 Y3 r* Y> ( )

(d) Nickel-Chromium-Molybdemum-Iron Alloys X, G, C-4, and C-276 for temperatures not exceeding 427°C (800°F)
(see Figures 3-F.7M and 3-F.7)\and for 103 MPa (15 ksi) < S, < 4 881 MPa (708 ksi)

Y = 1og[28.3 E3[iﬂ (3-F.15)
Er
X o HROBSTO + 12514054V o 0¥, 35 (3-F.16)
1 - 4.3290016Y + 0.60540862Y"
9.030556 — 8.1906623Y for 107 < 359 (3-F.17)

"1 - 036077181Y — 0.47064984Y>

(¢) High strength bolting for temperatures not exceeding 371°C (700°F)

Y = 1og[30.0 Es[iﬂ (3-F.18)
Er

(1) For a maximum nominal stress < 2.75, (see Figures 3-F.8M and 3-F.8) and for 93 MPa (13.5 ksi) < S, <7929
MPa (1,150 ksi)

75.58638 403.70774 830.40346 772.53426 267.75105
X =3.75565644 — m + - + -

3-F.19
y2 Y3 y* Y> ( )
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(23)

(2) For a maximum nominal stress > 2.7S ), (see Figures 3-F.9M and 3-F.9) and for 37 MPa (5.3 ksi) < S, <7929
MPa (1,150 ksi)

51.928295 86.121576 73.1573 29.945507 4.7332046
- + - + (3-F.20)

X= -9.0006161 +
Y2 Y3 v4 Y>

3-F.1.3

The design number of design cycles, N, can be computed from eq. (3-F.21) based on the parameter X calculated for the
applicable material.

N=10% (3%F.21)

3-F.2 WELDED JOINT DESIGN FATIGUE CURVES
3-F.2.1

Subject to the limitations of 5.5.5, the welded joint design fatigue curves in 3-F.5 can be used\to evaluate welded joints
for the following materials and associated temperature limits:

(a) Carbon, Low Alloy, Series 4XX High Alloy, and High Tensile Strength Steels for temiperatures not exceeding 371°C
(700°F)

(b) Series 3XX High Alloy Steels, Austenitic-Ferritic Duplex Stainless SteelspNickel-Chromium-Iron Alloy, Nickel-
Iron-Chromium Alloy, and Nickel-Copper Alloy for temperatures not exceeding 427°C (800°F)

(c) Wrought 70 Copper-Nickel for temperatures not exceeding 371°C, (700°F)

(d) Nickel-Chromium-Molybdenum-Iron Alloys X, G, C-4, and C-276,for temperatures not exceeding 427°C (800°F)

(e) Aluminum Alloys

3-F.2.2

The number of allowable design cycles for the welded joint fatigue curve shall be computed as follows.

(a) The design number of allowable design cycles, N, can be computed from eq. (3-F.22) based on the equivalent struc-
tural stress range parameter, AS,. x, determined i accordance with 5.5.5 of this Division. The constants C and h for
use in eq. (3-F.22) are provided in Table 3-F.2. Fhe lower 99% Prediction Interval (-3¢) shall be used for design unless
otherwise agreed to by the Owner-User and thé Manufacturer.

1
N = %(Zn;r'cjh (3-F.22)
E ess, k

(b) If a fatigue improvement; method is performed that exceeds the fabrication requirements of this Division, then a
fatigue improvement factor, f;,"may be applied. The fatigue improvement factors shown below may be used. An alter-
native factor determined may also be used if agreed to by the user or user’s designated agent and the Manufacturer.

(1) For burr grinding in accordance with Figure 6.2

f;=1.0+25-(10) (3-F.23)
(2) For'TlG dressing

f;=1.0+25-(10)" (3-F.24)
(3) For hammer peening

f;=1.0 + 4.0-(10)" (3-F.25)

In the above equations, the parameter is given by the following equation:

1.6
AS,
q= -0.0016 [ﬂ] (3-F.26)

usm
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(c) The design fatigue cycles given by eq. (3-F.22) do not include any allowances for corrosive conditions and may be
modified to account for the effects of environment other than ambient air that may cause corrosion or subcritical crack
propagation. If corrosion fatigue is anticipated, a factor should be chosen on the basis of experience or testing by which
the calculated design fatigue cycles (fatigue strength) should be reduced to compensate for the corrosion. The environ-
mental modification factor, f, is typically a function of the fluid environment, loading frequency, temperature, and ma-
terial variables such as grain size and chemical composition. The environmental modification factor, f£, shall be specified
in the User’s Design Specification.

(d) A temperature adjustment is required to the fatigue curve for materials other than carbon steel and/or for tet-
peratures above 21°C (70°F). The temperature adjustment factor is given by eq. (3-F.27).

Er

e 3-F.27
Egcs ( )

fur=

3-F.3 NOMENCLATURE

Cusm = conversion factor, C,s,, = 1.0 for units of stress in ksi and C,,, = 14.148299 for units of stress in MPa
E cs = modulus of elasticity of carbon steel at ambient temperature or 21°C (70°F)
E 1 = modulus of elasticity of the material under evaluation at the average tempefature of the cycle being evaluated
fg = environmental correction factor to the welded joint fatigue curve
f1 = fatigue improvement method correction factor to the welded joint fatigue curve
fur = material and temperature correction factor to the welded joint fatigue curve
q = parameter used to determine the effect equivalent structural stress range on the fatigue improvement factor
N = number of allowable design cycles
S« = computed stress amplitude from Part 5
Sac = temperature-corrected stress amplitude
X = exponent used to compute the permissible number‘ef)cycles
Y = stress amplitude temperature correction factor yiséd to compute X
AS.ss x = computed equivalent structural stress range parameter from Part 5
04ts = minimum specified ultimate tensile strength

3-F.4 TABLES

Table 3-F.1
Smooth BarFatigue Curve Stress Amplitude Correction Equations

Temperature-Corrected Stress Amplitude, S, .

Fatigue Curve MPa ksi
Figure 3-F.1 s s
Figure 3-F.2 195.0 E3 (E—“j 28.3 E3 [—“)
Figure 3-F.3 T T
Figure 3=F:4 s s
Figure\3-F.5 138.0 E3 —”J 20.0 E3 (—aj
Figure 3-F.6 T T

\ Sa Sa
Figure 3-F.7 195.0 E3 | =% 283 E3 |2
Er Er

Figure 3-F.8
. 206.0 E3 L 30.0 E3 Sa
Figure 3-F.9 Er Er
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Table 3-F.2
Coefficients for the Welded Joint Fatigue Curves
Ferritic and Stainless Steels Aluminum
Statistical Basis C h C h
Mean Curve 1,408.7 0.31950 247.04 0.27712
Upper 68% Prediction Interval (+10) 1,688.3 0.31950 303.45 0.27712
Lower 68% Prediction Interval (-10) 1,175.4 0.31950 201.12 0.27712
Upper 95% Prediction Interval (+20) 2,023.4 0.31950 372.73 0.27712
Lower 95% Prediction Interval (-20) 980.8 0.31950 163.73 0.27712
Upper 99% Prediction Interval (+30) 2,424.9 0.31950 457.84 0.27732
Lower 99% Prediction Interval (-30) 818.3 0.31950 133.29 0.27712

GENERAL NOTE: In U.S. Customary units, the equivalent structural stress range parameter, AS.s k, in 3-F.2.2 and thé structural stress
effective thickness, t,,, defined in 5.5.5 are in ksi/(inches)? ~7+)/2"s and inches, respectively. The parameter m\is"defined in 5.5.5.

Table 3-F.2M
Coefficients for the Welded Joint Fatigue Curves

Ferritic and Stainless Steels Aluminum
Statistical Basis C h C h
Mean Curve 19930.2 0.31950 3495.13 0.27712
Upper 68% Prediction Interval (+10) 23885.8 0.31950 4293.19 0.27712
Lower 68% Prediction Interval (-10) 16 629.7 0.31950 2845.42 0.27712
Upper 95% Prediction Interval (+20) 28626.5 0.31950 5273.48 0.27712
Lower 95% Prediction Interval (-20) 13875.7 0.31950 2316.48 0.27712
Upper 99% Prediction Interval (+30) 34308.1 0.31950 6477.60 0.27712
Lower 99% Prediction Interval (-30) 11577.9 0.31950 1885.87 0.27712

GENERAL NOTE: In SI units, the equivalent structural stress range parameter, AS,; i, in 3-F.2.2 and the structural stress effective thick-
ness, t,s, defined in 5.5.5 are in MPa/(mm)® ~ =)/ and'nlillimeters, respectively. The parameter m; is defined in 5.5.5.
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3-F.5 FIGURES

Fatigue Curve for Carbon, Low Alloy, Series 4XX High Alloy, and High Tensile Strength Steels for
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Figure 3-F.1

Temperatures Not Exceeding 700°F — o ,¢s < 80 ksi
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Figure 3-F.IM
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Stress Amplitude, ksi

Figure 3-F.2

Fatigue Curve for Carbon, Low Alloy, Series 4XX High Alloy, and High Tensile Strength Steels for
Temperatures Not Exceeding 700°F — o ,+s = 115 ksi to 130 ksi
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Figure 3-F.2M
Fatigue Curve for Carbon, Low Alloy, Series 4XX High-'Alloy, and High Tensile Strength Steels for

Temperatures Not Exceeding 371°C+- ¢,,s = 793 MPa to 892 MPa
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Fatigue Curve for Series 3XX High Alloy Steels, Austenitic-Ferritic Duplex Stainless Steels, Nickel-
Chromium-Iron Alloy, Nickel-lron—-Chromium Alloy, and Nickel-Copper Alloy for Temperatures Not

Figure 3-F.3

Exceeding 800°F
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Figure 3-F.3M
Fatigue Curve for Series 3XX High Alloy Steels,Austenitic-Ferritic Duplex Stainless Steels, Nickel-
Chromium-Iron Alloy, Nickel-lron—-Chromium‘Atloy, and Nickel-Copper Alloy for Temperatures Not
Exceeding 427°C
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Figure 3-F.4
Fatigue Curve for Wrought 70-30 Copper—Nickel for Temperatures Not Exceeding 700°F — o, 5 < 18 ksi

1,000

Stress Amplitude, ksi
]
|
|/

1
1.00 E+01 1.00 E+02 1.00 E+03 1.00 E+04 1.00 E+05 1.00 E+06

Cycles

Figure3-F.4M
Fatigue Curve for Wrought 70-30 Copper-Nickel for Temperatures Not Exceeding 371°C — 0,5 < 134

MPa
10 000
1000 ™~
©
& S
=
o
El -
E
: —
< T
@ T
] I
k] L
s 100 =
(7] -
10
1.00 E+01 1.00 E+02 1.00 E+03 1.00 E+04 1.00 E+05 1.00 E+06
Cycles

164


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

ASME BPVC.VIIL.2-2023

3-F.5

Fatigue Curve for Wrought 70-30 Copper-Nickel for Temperatures Not Exceeding 700°F — o, = 30 ksi
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Stress Amplitude, ksi
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Figure 3-F.6

Fatigue Curve for Wrought 70-30 Copper-Nickel for Temperatures Not Exceeding 700°F — s = 45 ksi
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Figure 3-F.7
Fatigue Curve for Nickel-Chromium-Molybdenum-Iron Alloys X, G, C-4, and C-276 for Temperatures
Not Exceeding 800°F

1,000

100

Stress Amplitude, ksi
/

1

1.00 E+01 1.00 E+02 1.00 E+03 1.00 E+04 1.00 E+05 1.00 E+06 1.00 E+07 1.00 E+08

Cycles

Figure 3-F.7M
Fatigue Curve for Nickel-Chromium=Molybdenum-Iron Alloys X, G, C-4, and C-276 for Temperatures
Not Exceeding 427°C
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Figure 3-F.8
Fatigue Curve for High Strength Bolting for Temperatures Not Exceeding 700°F — Maximum Nominal
Stress < 2.7Sy
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Figure 3-F.8M
Fatigue Curve for High Strength Bolting for, Temperatures Not Exceeding 371°C — Maximum Nominal
Stress < 2.7Sy
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Figure 3-F.9
Fatigue Curve for High Strength Bolting for Temperatures Not Exceeding 700°F — Maximum Nominal
Stress > 2.7S
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Figure 3-F.9M
Fatigue Curve for High Strength Bolting for Temperatures Not Exceeding 371°C — Maximum Nominal
Stress > 2.7S
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PART 4
DESIGN BY RULE REQUIREMENTS

4.1 GENERAL REQUIREMENTS
411 SCOPE

4.1.1.1 The basic requirements for application of the design-by-rules methods of this Division are descfibed in 4.1.
The requirements of Part 4 provide design rules for commonly used pressure vessel shapes under pressuredoading and,
within specified limits, rules or guidance for treatment of other loadings.

4.1.1.2 Part 4 does not provide rules to cover all loadings, geometries, and details. See Part.2 for User Responsibil-
ities and User’s Design Specification.

4.1.1.2.1 Class 1. When design rules are not provided in Part 4 for a vessel or vesselpart, the Manufacturer shall
either perform a stress analysis in accordance with Part 5 considering all of the loadings_specified in the User’s Design
Specification, or, with acceptance by the Authorized Inspector, use a recognized and accepted design-by-rule method
that meets the applicable design allowable stress criteria given in 4.1.6. If the design cannot be performed using Part
5 or a design-by-rule method (e.g., creep-fatigue), a design method consistent with'the overall design philosophy of Class
1 and acceptable to the Authorized Inspector shall be used.

4.1.1.2.2 Class 2. When design rules are not provided for a vessel or'vessel part, the Manufacturer shall perform a
stress analysis in accordance with Part 5 considering all of the loadings specified in the User’s Design Specification.

4.1.1.3 The design procedures in Part 4 may be used if the allowable stress at the design temperature is governed by
time-independent or time-dependent properties unless otherwise‘hoted in a specific design procedure. When the vessel
is operating at a temperature where the allowable stress is(governed by time dependent properties, the effects of joint
alignment (see 6.1.6.1) and weld peaking (see 6.1.6.3) in shells and heads shall be considered.

4.1.1.4 A screening criterion shall be applied to-allvessel parts designed in accordance with this Division to deter-
mine if a fatigue analysis is required. The fatigue screening criterion shall be performed in accordance with 5.5.2. If the
results of this screening indicate that a fatigue@hnalysis is required, then the analysis shall be performed in accordance
with 5.5.2. If the allowable stress at the design temperature is governed by time-dependent properties, then a fatigue
screening analysis based on experience with/comparable equipment shall be satisfied (see 5.5.2.2).

4.1.1.5 See 4.1.1.5.1 and 4.1.1.5.2
4.1.1.5.1 Class 1. Rules in Part 5 shall not be used in lieu of rules in Part 4.

4.1.1.5.2 Class 2. A design-by-analysis in accordance with Part 5 may be used to establish the design thickness
and/or configuration (i.e., nozzle reinforcement configuration) in lieu of the design-by-rules in Part 4 for any geometry
or loading conditions (see 471.5.1). Components of the same pressure vessel may be designed (thickness and configura-
tion) using a combination of Part 4 design-by-rules or any of the three methods of Part 5 design-by-analysis in 5.2.1.1.
Each component shall be evaluated for all of the applicable failure modes in 5.1.1.2 using the methodology of Part 4 or
Part 5. If the failure mode is not addressed in Part 4 (e.g., ratcheting), then the analysis shall be in accordance with Part
5. Structural-jnteractions between components shall be considered.

4.1.2 . MINIMUM THICKNESS REQUIREMENTS

Except for the special provisions listed below, the minimum thickness permitted for shells and heads, after forming
dnd regardless of product form and material, shall be 1.6 mm (0.0625 in.) exclusive of any corrosion allowance. Excep-
tions are:

(a) This minimum thickness does not apply to heat transfer plates of plate-type heat exchangers.

(b) This minimum thickness does not apply to the inner pipe of double pipe heat exchangers nor to pipes and tubes
that are enclosed and protected by a shell, casing or ducting, where such pipes or tubes are DN 150 (NPS 6) and less. This
exemption applies whether or not the outer pipe or shell is constructed to Code rules. All other pressure parts of these
heat exchangers that are constructed to Code rules must meet the 1.6 mm (0.0625 in.) minimum thickness

rnr}nirnmnnfc
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(c) The minimum thickness of shells and heads used in compressed air service, steam service, and water service, made
from carbon or low alloy steel materials shall be 2.4 mm (0.0938 in.) exclusive of any corrosion allowance.
(d) This minimum thickness does not apply to the tubes in air cooled and cooling tower heat exchangers if all of the
following provisions are met:
(1) The tubes shall be protected by fins or other mechanical means.
(2) The tube outside diameter shall be a minimum of 10 mm (0.375 in.) and a maximum of 38 mm (1.5 in.).
(3) The minimum thickness used shall not be less than that calculated by the equations given in 4.3 and in no case
less than 0.5 mm (0.022 in.).

4.1.3 MATERIAL THICKNESS REQUIREMENTS

4.1.3.1 Allowance for Fabrication. The selected thickness of material shall be such that the forming, heat.treatment,
and other fabrication processes will not reduce the thickness of the material at any point below the minitoum required
thickness.

4.1.3.2 Mill Undertolerance. Plate material shall be ordered not thinner than the design thickness. Vessels made of
plate furnished with an undertolerance of not more than the smaller value of 0.3 mm (0.01.n.)"or 6% of the ordered
thickness may be used at the full maximum allowable working pressure for the thickness<rdered. If the specification
to which the plate is ordered allows a greater undertolerance, the ordered thickness of the'materials shall be sufficiently
greater than the design thickness so that the thickness of the material furnished is notimore than the smaller of 0.3 mm
(0.01 in.) or 6% under the design thickness.

4.1.3.3 Pipe Undertolerance. If pipe or tube is ordered by its nominal wall thickness, the manufacturing underto-
lerance on wall thickness shall be taken into account. After the minimum wallthickness is determined, it shall be in-
creased by an amount sufficient to provide the manufacturing undertolerahce allowed in the pipe or tube specification.

4.1.4 CORROSION ALLOWANCE IN DESIGN EQUATIONS

4.1.4.1 The dimensional symbols used in all design equations'dnd figures throughout this Division represent dimen-
sions in the corroded condition.

4.1.4.2 The term corrosion allowance as used in this Bivision is representative of loss of metal by corrosion, erosion,
mechanical abrasion, or other environmental effects and’shall be accounted for in the design of vessels or parts when
specified in the User’s Design Specification.

4.1.4.3 The user shall determine the requiped eorrosion allowance over the life of the vessel and specify such in the
User’s Design Specification. The Manufacturef shall add the required allowance to all minimum required thicknesses in
order to arrive at the minimum ordered material thickness. The corrosion allowance need not be the same for all parts of
a vessel. If corrosion or other means ofnietal loss do not exist, then the user shall specify in the User’s Design Specifi-
cation that a corrosion allowance is notrequired.

4.1.5 DESIGN BASIS

4.1.5.1 Design Thickness. The design thickness of the vessel part shall be determined using the rules specified in
4.1.5.1.1 or 4.1.5.1.2 and shall not be less than the minimum thickness specified in 4.1.2 plus any corrosion allowance
required by 4.1.4.

4.15.1.1 Classl. The design-by-rule methods of Part 4 shall be applied using the load and load case combinations
specified in 4.1:5:3 except when design rules are not provided in Part 4 (see 4.1.1.2).

4.1.5.1.2 . Class 2. The design-by-rule methods of Part 4 shall be applied using the load and load case combina-
tions spetified in 4.1.5.3. Alternatively, the design thickness may be established using the design-by-analysis procedures
in Part\5/even if this thickness is less than that established using Part 4 design-by-rule methods.

4,1.5.2 Definitions. The following definitions shall be used to establish the design basis of the vessel. Each of these
parameters shall be specified in the User’s Design Specification.

(a) Design Pressure - The pressure used in the design of a vessel component together with the coincident design metal
temperature, for the purpose of determining the minimum permissible thickness or physical characteristics of the dif-
ferent zones of the vessel. Where applicable, static head and other static or dynamic loads shall be included in addition to
the specified design pressure [see 2.2.3.1(d)(1)] in the determination of the minimum permissible thickness or physical
characteristics of a particular zone of the vessel.

(b) Maximum Allowable Working Pressure - The maximum gage pressure permissible at the top of a completed vessel
in its normal operating position at the designated coincident temperature for that pressure. This pressure is the least of

the values for the internal or external pressure to be determined hy the rules of this Division for any of the pressure

171


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

4.1.5.2 - 4.1.5.3 ASME BPVC.VIIL.2-2023

boundary parts, considering static head thereon, using nominal thicknesses exclusive of allowances for corrosion and
considering the effects of any combination of loadings specified in the User’s Design Specification at the designated co-
incident temperature. It is the basis for the pressure setting of the pressure-relieving devices protecting the vessel. The
specified design pressure may be used in all cases in which calculations are not made to determine the value of the max-
imum allowable working pressure.

(c) Test Pressure - The test pressure is the pressure to be applied at the top of the vessel during the test. This pressure
plus any pressure due to static head at any point under consideration is used in the applicable design equations to check
the vessel under test conditions.

(d) Design Temperature and Coincident Pressure - The design temperature for any component shall not be less than
the mean metal temperature expected coincidentally with the corresponding maximum pressure (internal and, if\spe-
cified, external). If necessary, the mean metal temperature shall be determined by computations using accepted heat
transfer procedures or by measurements from equipment in service under equivalent operating conditions,’In no case
shall the metal temperature anywhere within the wall thickness exceed the maximum temperature limitin (1).

(1) A design temperature greater than the maximum temperature listed for a material specification-in Annex 3-A is
not permitted. In addition, if the design includes external pressure (see 4.4), then the design temperature shall not ex-
ceed the temperature limits specified in Table 4.4.1.

(2) The maximum design temperature marked on the nameplate shall not be less than the expected mean metal
temperature at the corresponding MAWP.

(3) When the occurrence of different mean metal temperatures and coincident préssures during operation can be
accurately predicted for different zones of a vessel, the design temperature for each|of these zones may be based on the
predicted temperatures. These additional design metal temperatures with their'\corresponding MAWP, may be marked
on the nameplate as required.

(e) Minimum Design Metal Temperature and Coincident Pressure - Thé minimum design metal temperature (MDMT)
shall be the coldest expected in normal service, except when colder temperatures are permitted by 3.11. The MDMT shall
be determined by the principles described in (d). Considerations shallinclude the coldest operating temperature, opera-
tional upsets, auto refrigeration, atmospheric temperature, and ahy source of cooling.

(1) The MDMT marked on the nameplate shall correspond to a coincident pressure equal to the MAWP.

(2) When there are multiple MAWP, the largest value shall be used to establish the corresponding MDMT marked on
the nameplate.

(3) When the occurrence of different MDMT and.coincident pressures during operation can be accurately predicted
for different zones of a vessel, the MDMT for eachof these zones may be based on the predicted temperatures. These
additional MDMT together with their correspending MAWP, may be marked on the nameplate as required.

4.1.5.3 Design Loads and Load Case,Combinations. All applicable loads and load case combinations shall be con-
sidered in the design to determine the.minimum required wall thickness for a vessel part.

(a) The loads that shall be considered in the design shall include, but not be limited to, those shown in Table 4.1.1 and
shall be included in the User’s Design Specification.

(b) The load combinatiens)that shall be considered shall include, but not be limited to, those shown in Table 4.1.2,
except when a differentuiecognized standard for wind loading is used. In that case, the User’s Design Specification shall
cite the Standard to be.applied and provide suitable load factors if different from ASCE/SEI 7. The factors for wind load-
ing, W, in Table 4.1:2,Design Load Combinations, are based on ASCE/SEI 7 wind maps and probability of occurrence. If a
different recognized standard for earthquake loading is used, the User’s Design Specification shall cite the Standard to be
applied and-provide suitable load factors if different from ASCE/SEI 7.

(c) When analyzing a loading combination, the value of allowable stress shall be evaluated at the coincident
température.

{d)-Combinations of loads that result in a maximum thickness shall be evaluated. In evaluating load cases involving the
pressure term, P, the effects of the pressure being equal to zero shall be considered. For example, the maximum differ-
ence in pressure that may exist between the inside and outside of the vessel at any point or between two chambers of a
combination unit or, the conditions of wind loading with an empty vertical vessel at zero pressure may govern the
design.

(e) The applicable loads and load case combinations shall be specified in the User’s Design Specification.

(f) If the vessel or part is subject to cyclic operation and a fatigue analysis is required (see 4.1.1.4), then a pressure

ryr‘lp hicfngrnm and rnrrncpnnding thermal r‘yr‘]n hicfngrnm shall be prnvidnd in the User’s nﬂcign Qpprifirnfinn
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4.1.6 DESIGN ALLOWABLE STRESS

4.1.6.1 Design Condition. The allowable stresses for all permissible materials of construction are provided in Annex
3-A. The wall thickness of a vessel computed by the rules of Part 4 for any combination of loads (see 4.1.5) that induce
primary stress (see definition of primary stress in 5.12) and are expected to occur simultaneously during operation shall
satisfy the equations shown below.

Pp<S (4.1.1)
P+ Pp<15$ 4.1.2)

4.1.6.2 Test Condition. The allowable stress for the selected test pressure, P, shall be established by:thefollowing
requirements. In the case where the stress limit is exceeded, the selected test pressure shall be reduced;-but no lower
than the minimum test pressure as established in Part 8.

(a) Primary Membrane Stress. A calculated P,, shall not exceed the applicable limit given below) where f shall be
obtained from Table 4.1.3 for the appropriate test medium (hydrostatic or pneumatic) and the-applicable class.

P < BrS, (4.13)

(b) Primary Membrane Stress Plus Primary Bending Stress. A calculated P, + P, shall'not exceed the applicable limit
given below, where 1 and y,in shall be obtained from Table 4.1.3 for the appfopriate test medium (hydrostatic or
pneumatic) and the applicable class.

(1) For P,, < 1sS,
Bn + Py <V minSy (4.1.4)

(2) For 15S, < P,y < B+S,

B, + Py < [1 ‘Vmiln]Pm \ Hl ~ Ynin ]pT - 1]sy (4.1.5)
Br - 1& Pr-1s

4.1.6.3 Primary Plus Secondary Stress. The‘allowable primary plus secondary stress at the design temperature
shall be computed as follows:

Sps = max.[ 35, 25, | (4.1.6)

However, Sps shall be limited to3S if either

(a) the room temperature ratio. of the minimum specified yield strength from Annex 3-D to the ultimate tensile
strength from Annex 3-D exceeds 0.70; or,

(b) the allowable stress from Annex 3-A is governed by time-dependent properties.

4.1.6.4 Shear Stress. The maximum shear stress in restricted shear, such as dowel bolts or similar construction in
which the shearing'member is so restricted that the section under consideration would fail without a reduction of area,
shall be limited-t0.0.80 times the values in Section II, Part D, Subpart 1, Table 3.

4.1.6.5 _ Bearing Stress. Maximum bearing stress shall be limited to 1.60 times the values in Section II, Part D, Sub-
part 1, Table 3.

4.7~ MATERIALS IN COMBINATION

Except as specifically prohibited by the rules of this Division, a vessel may be designed for and constructed of any
combination of materials listed in Part 3. For vessels operating at temperatures other than ambient temperature, the
effects of differences in coefficients of thermal expansion of dissimilar materials shall be considered.

4.1.8 COMBINATION UNITS

4.1.8.1 Combination Unit. A combination unit is a pressure vessel that consists of more than one independent or
dependent pressure chamber, operating at the same or different pressures and temperatures. The parts separating each
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(23)

least the most severe condition of coincident pressure and temperature expected in normal operation. Only the cham-
bers that come within the scope of this Division need be constructed in compliance with its provisions. Additional design
requirements for chambers classified as jacketed vessels are provided in 4.11.

4.1.8.2 Common Element Design. It is permitted to design each common element for a differential pressure less
than the maximum of the design pressures of its adjacent chambers (differential pressure design) or a mean metal tem-
perature less than the maximum of the design temperatures of its adjacent chambers (mean metal temperature design),
or both, only when the vessel is to be installed in a system that controls the common element operating conditions.

(a) Differential Pressure Design (Dependent Pressure Chamber). When differential pressure design is permitted, thé
common element design pressure shall be the maximum differential design pressure expected between the adjacent
chambers. The common element and its corresponding differential pressure shall be indicated in the “Remarks” section
of the Manufacturer’s Data Report (see 2.3.4) and marked on the vessel (see Annex 2-F). The differential pressure shall
be controlled to ensure the common element design pressure is not exceeded.

(b) Mean Metal Temperature Design. When mean metal temperature design is used, the maximum conimon element
design temperature determined in accordance with 4.1.5.2(d) may be less than the greater of the maximum design tem-
peratures of its adjacent chambers; however, it shall not be less than the lower of the maximum deSign temperatures of
its adjacent chambers. The common element and its corresponding design temperature shall bejindicated in the “Re-
marks” section of the Manufacturer’s Data Report (see 2.3.4) and marked on the vessel (see@nnex 2-F). The fluid tem-
perature, flow and pressure, as required, shall be controlled to ensure the common elemeént design temperature is not
exceeded.

4.1.9 CLADDING AND WELD OVERLAY

4.1.9.1 The design calculations for integrally clad plate or overlay weld clad plate may be based on a thickness equal
to the nominal thickness of the base plate plus S¢/Sp times the nominal(thickness of the cladding, less any allowance
provided for corrosion, provided all of the following conditions are méet

(a) The clad plate conforms to one of the specifications listed in the tables in Part 3 or is overlay weld clad plate con-
forming to Part 3.

(b) The joints are completed by depositing corrosion resisting-weld metal over the weld in the base plate to restore
the cladding.

(c) The allowable stress of the weaker material is atdeast 70% of the allowable stress of the stronger material.

4.1.9.2 When S is greater than S, the multiplier S¢/Sp shall be taken equal to unity.

4.1.10 INTERNAL LININGS

Corrosion resistant or abrasion resistant\inings are those not integrally attached to the vessel wall, i.e., they are inter-
mittently attached or not attached at.all¢In either case, such linings shall not be given any credit when calculating the
thickness of the vessel wall.

4.1.11 FLANGES AND PIPE FITTINGS

4.1.11.1 The following standards covering flanges and pipe fittings are acceptable for use under this Division in ac-
cordance with the requirements of Part 1.

(a) ASME B16.5,(Pipé Flanges and Flanged Fittings, NPS %, Through NPS 24 Metric/Inch Standard

(b) ASME B16.9, Factory-Made Wrought Buttwelding Fittings

(c) ASME_B16.11, Forged Fittings, Socket-Welding and Threaded

(d) ASME-B16.15, Cast Copper Alloy Threaded Fittings, Classes 125 and 250

(e) ASME B16.20, Metallic Gaskets for Pipe Flanges

(f) ASME B16.24, Cast Copper Alloy Pipe Flanges, Flanged Fittings, and Valves, Classes 150, 300, 600, 900, 1500, and
2500

(g) ASME B16.47, Large Diameter Steel Flanges, NPS 26 Through NPS 60 Metric/Inch Standard

4.1.11.2 Pressure-temperature ratings shall be in accordance with the applicable standard except that the
pressure-temperature ratings for ASME B16.9 and ASME B16.11 fittings shall be calculated as for straight seamless pipe
in accordance with the rules of this Division including the maximum allowable stress for the material.
4.1.11.3 A forged nozzle flange

(i.e., long weld neck flange) may be designed using the ASME B16.5/B16.47
flange erial bei provided all of the followi e me
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(a) For ASME B16.5 applications, the forged nozzle flange shall meet all dimensional requirements of a flanged fitting
given in ASME B16.5 with the exception of the inside diameter. The inside diameter of the forged nozzle flange shall not
exceed the inside diameter of the same size and class lap joint flange given in ASME B16.5. For ASME B16.47 applica-
tions, the inside diameter shall not exceed the weld hub diameter “A” given in the ASME B16.47 tables.

(b) For ASME B16.5 applications, the outside diameter of the forged nozzle neck shall be at least equal to the hub dia-
meter of the same size and class ASME B16.5 lap joint flange. For ASME B16.47 applications, the outside diameter of the
hub shall at least equal the “X” diameter given in the ASME B16.47 tables. Larger hub diameters shall be limited to nut
stop diameter dimensions (see 4.16).

4.1.12 VESSELS IN ELEVATED TEMPERATURE SERVICE

The user and Manufacturer are cautioned that certain fabrication details allowed by this Division may result in crack-
ing at welds and associated heat-affected zone (HAZ) for vessels designed for use at elevated temperature:

NOTE: WRC Bulletin 470, “Recommendations for Design of Vessels for Elevated Temperature Service,” has information that may prove helpful
to the vessel designer. WRC Bulletin 470 contains recommended design details for use at elevated temperature seryice, which is for the pur-
poses of this Division, when the allowable stresses in Section II, Part D are based on time-dependent properties.<The uUse of these details does
not relieve the Manufacturer of design responsibility with regard to primary, secondary, and peak stresses assSociated with both steady-state
conditions and transient events, such as startup, shutdown, intermittent operation, thermal cycling, etc.;as defined in the User’s Design
Specification.

4.1.13 NOMENCLATURE

)
S
|

= primary bending stress (see Part 5)
P,, = general primary membrane stress (see Part 5)
Pr = selected hydrostatic or pneumatic test pressure [see 8.2.1(c)]
S = allowable stress from Annex 3-A at the design temperature
S = allowable stress from Annex 3-A at the design temperature\for the base plate at the design temperature
S¢ = allowable stress from Annex 3-A at the design temperatiifte for the cladding or, for the weld overlay, the allow-
able stress of the wrought material whose chemistry, most closely approximates that of the cladding at the de-
sign temperature
Sps = allowable primary plus secondary stress at the-design temperature
S, = yield strength at the test temperature evaluatéd in accordance with Annex 3-D
p = elastic-plastic load factor for Class 1 or Class 2 construction (see Table 4.1.3)
Br = test condition load factor for hydrostatic or pneumatic test and for Class 1 or Class 2 construction (see Table
4.1.3)
Ymin = Minimum test condition load factor for hydrostatic or pneumatic test and for Class 1 or Class 2 construction
(see Table 4.1.3)
Ystss = test condition load factor gensidering the ratio of the allowable stress at the test condition to the allowable
stress at the design condition for hydrostatic or pneumatic test and for Class 1 or Class 2 construction (see
Table 4.1.3)
N p = load factor for pressure when combined with occasional load L, Sg, W, or E (see Table 4.1.1 for load parameter
definitions)
= 1.0 unless otherwise specified in the User’s Design Specification [see 2.2.3.1(e)]
) pP = maximum-anticipated operating pressure (internal or external) acting simultaneously with occasional load L,
Ss, WO E
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TABLES

Table 4.1.1
Design Loads

Design Load Parameter

Description

P Internal or external specified design pressure [see 4.1.5.2(a)]
Ps Static head from liquid or bulk materials (e.g., catalyst)
D Deadweight of the vessel, contents, and appurtenances at the location of interest, including the fellowing:
» Weight of vessel including internals, supports (e.g., skirts, lugs, saddles, and legs), and appurtenances
(e.g., platforms, ladders, etc.)
¢ Weight of vessel contents under design and test conditions
* Refractory linings, insulation
« Static reactions from the weight of attached equipment, such as motors, machifery, other vessels, and
piping
» Transportation loads {the static forces obtained as equivalent to the dyanidnric loads experienced during
normal operation of a transport vessel [see 1.2.1.3(b)]}
L » Appurtenance live loading
o Effects of fluid flow, steady state or transient
 Loads resulting from wave action
E Earthquake loads [see 4.1.5.3(b)]
w Wind loads [see 4.1.5.3(b)]
Ss Snow loads
F Loads due to deflagration
Table 4.1.2
Design Load Combinations
Design Load Combination [Note (1)}, [Note (2)] General Primary Membrane Allowable Stress [Note (3)]
(1) P+Ps+D N
(2) P+P;+D+1L S
(B) P+Ps+D + S5 N
(4) 2pP + P; + D +0.75L + 0.755¢ S
(5) 2pP +Ps+ D + (0.6W 0r.0.7E) S
(6) 2pP + P+ D +0.75(0%6W or 0.7E) + 0.75L + 0.75S, S
(7) 0.6D + (0.6W or 0,2E)-[Note (4)] S
8) Ps+D+F See Annex 4-D
(9) Other load combinations as defined in the User's Design S
Specification
NOTES:

(1) The parameters used in the Design Load Combination column are defined in Table 4.1.1.

(2) See 4.1.5.3 for additional requirements.

(3)’S is the allowable stress for the load case combination [see 4.1.5.3(c)].

(4) This load combination addresses an overturning condition for foundation design. It does not apply to design of anchorage (if any)

to the foundation. Refer to ASCE/SEI 7, 2.4.1 Exception 2 for an additional reduction to W that may be applicable.
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Table 4.1.3
Load Factor, 8, and Pressure Test Factors, 1, Ymin, and ys¢,s, for Class 1 and Class 2
Construction and Hydrostatic or Pneumatic Testing

Br Ymin Yse/s
Class B Hydrostatic Pneumatic Hydrostatic Pneumatic Hydrostatic  Pneumatic
1 3.0 0.95 0.8 1.58r 1.587 1.25 1.15
2 2.4 0.95 0.8 1.58r 1.587 1.25 1.15

4.2 DESIGN RULES FOR WELDED JOINTS
4.2.1 SCOPE

Design requirements for weld joints are provided in 4.2. Acceptable weld joint details are provided for most common
configurations. Alternative details may be used if they can be qualified by a design procedure using Part 5. Rules for
sizing welds are also provided.

4.2.2 WELD CATEGORY

The term weld category defines the location of a joint in a vessel, but not(the 'weld joint type. The weld categories
established by this paragraph are for use elsewhere in this Division in specifying special requirements regarding joint
type and degree of examination for certain welded pressure joints. Since these special requirements that are based on
thickness do not apply to every welded joint, only those joints to which, special requirements apply are included in ca-
tegories. The weld categories are defined in Table 4.2.1 and shown:in\Figure 4.2.1. Welded joints not defined by the cat-
egory designations include but are not limited to Table 4.11.1, jacKet-closure-to-shell welds; Figure 4.19.11, groove and
fillet welds; and Figure 4.20.1, sketches (a), (c), and (d) corneryjoints. Unless limited elsewhere in this Division, 4.2.5
permissible weld joint types may be used with welded joifits/that are not assigned a category.

4.2.3 WELD JOINT TYPE

The weld joint type defines the type of weld between pressure and/or nonpressure parts. The definitions for the weld
joint types are shown in Table 4.2.2.

4.2.4 WELD JOINT EFFICIENCY

The weld joint efficiency of a weldedjoint is expressed as a numerical quantity and is used in the design of a joint as a
multiplier of the appropriate allowable stress value taken from Annex 3-A. The weld joint efficiency shall be determined
from Table 7.2.

4.2.5 TYPES OF JOINTS PERMITTED
4.2.5.1 Definitions

(a) Butt Joint - A buitt joint is a connection between the edges of two members with a full penetration weld. The weld is
a double sided, ot single sided groove weld that extends completely through both of the parts being joined.

(b) Corner Joint - A corner joint is a connection between two members at right angles to each other in the form of an L
or T that i&\made with a full or partial penetration weld, or fillet welds. Welds in full penetration corner joints shall be
grooverwelds extending completely through at least one of the parts being joined and shall be completely fused to each
part/

{c)-Angle Joint - An angle joint is a connection between the edges of two members with a full penetration weld with
one of the members consisting of a transition of diameter. The weld is a double sided or single sided groove weld that
extends completely through both of the parts being joined.

(d) Spiral Weld - a weld joint having a helical seam.

(e) Fillet Weld - A fillet weld is a weld that is approximately triangular in cross section that joins two surfaces at ap-
proximately right angles to each other.

(f) Gross Structural Discontinuity - A gross structural discontinuity is a source of stress or strain intensification which
affects a relatively large portion of a structure and has a significant effect on the overall stress or strain pattern or on the
structure as a whole. Examples of gross structural discontinuities are head-to-shell and flange-to-shell junctions, nozzles,

and junctions between shells of different diameters or thicknesses
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(g) Lightly Loaded Attachments - Weld stress due to mechanical loads on attached member not over 25% of allowable
stress for fillet welds and temperature difference between shell and attached member not expected to exceed 14°C
(25°F) shall be considered lightly loaded.

(h) Minor Attachments - Parts of small size, less than or equal to 10 mm (0.375 in.) thick or 82 em® (5 in.?) in volume,
that carry no load or an insignificant load such that a stress calculation in designer’s judgment is not required; examples
include nameplates, insulation supports, and locating lugs.

(i) Major Attachments - Parts that are not minor or lightly loaded as described above.

4.2.5.2 Category A Locations

(a) All joints of Category A shall be Type No. 1 butt joints.

(b) Acceptable Category A welds are shown in Tables 4.2.4 and 4.2.5.

(c) Transition Joints Between Sections of Unequal Thickness - Unless the requirements of Part 5 are shown.to be sa-
tisfied, a tapered transition shall be provided at joints between sections that differ in thickness by more than one-fourth
of the thickness of the thinner section or by more than 3 mm (0.125 in.). The transition may be formed by any process
that will provide a uniform taper. When Part 5 is not used, the following additional requirementgs-shall also apply.

(1) When a taper is required on any shell section intended for butt-welded attachment, thetransition geometry
shall be in accordance with Table 4.2.4, Details 4, 5, and 6.

(2) When a taper is required on a hemispherical head intended for butt-welded attachment; the transition geometry
shall be in accordance with Table 4.2.5, Details 2, 3, 4 and 5.

(3) A hemispherical head which has a greater thickness than a cylinder of the same inside diameter may be ma-
chined to the outside diameter of the cylinder, provided the remaining thickness is at least as great as that required
for a shell of the same diameter.

(4) When the transition is formed by adding additional weld metal beyond\what would otherwise be the edge of the
weld, such additional weld metal buildup shall be subject to the requirements of Part 6. The butt weld may be partly or
entirely in the tapered section.

(5) The requirements of this paragraph do not apply to flange/hubs.

4.2.5.3 Category B Locations

(a) The joints of Category B may be any of the following types:
(1) Type No. 1 butt joints,
(2) Type No. 2 butt joints except as limited in 4.2'5!8.
(3) Type No. 3 butt joints may only be used forshells having a thickness of 16 mm (0.625 in.) or less and a diameter
of 610 mm (or 24 in.) and less.

(b) Acceptable Category B welds are showinin Tables 4.2.4 and 4.2.5.

(c) Backing strips shall be removed from Type No. 2 butt joints unless access conditions prevent their removal. If a
fatigue analysis of Type No. 2 butt joints with a backing strip in place is required, then a stress concentration factor of 2.0
for membrane stresses and of 2.5 for\bending stress shall be applied.

(d) Transition joints between shell'sections of unequal thickness shall meet the requirements of 4.2.5.2(c) and shall be
in accordance with Table 4.2.4 aird Table 4.2.5. An ellipsoidal head which has a greater thickness than a cylinder of the
same inside diameter may be,machined to the outside diameter of the cylinder, provided the remaining thickness is at
least as great as that required for a shell of the same diameter.

(e) Transition joints(between nozzle necks and attached piping of unequal thickness shall be in accordance with
4.2.5.9.

(f) When butt joints are required elsewhere in this Division for Category B, an angle joint connecting a transition in
diameter to_d'cylinder shall be considered as meeting this requirement, provided the requirements of Type No. 1 butt
joints are-met. All requirements pertaining to the butt joint shall apply to the angle joint.

4.2,5:4) Category C Locations

(a) The joints of Category C may be any of the following types:
(1) Type No. 1 butt joints,
(2) Full penetration corner joints except as limited in 4.2.5.8.
(3) Fillet welded joints for the attachment of loose type flanges shown in Table 4.2.9, with the following limitations:
(-a) The materials of the flange and the part it is welded to are Type 1 Materials (see Table 4.2.3).
(-b) The minimum specified yield strength of both materials is less than 552 MPa (80 ksi).
(-¢) The minimum elongation of both materials is 12% in 50 mm (2 in.) gauge length.

(-rf) The thickness of the materials to which the ﬂ:\ngn is welded does not exceed 32 mm (1 25 in)
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(-e) The fillet weld dimensions satisfy the requirements shown in Table 4.2.9.

(-f) A fatigue-screening criterion shall be performed in accordance with 5.5.2 to determine if a fatigue analysis is
required. If the results of this screening indicate that a fatigue analysis is required, then the analysis shall be performed
in accordance with 5.5.2.

(-g) Loose type flanges that do not conform to ASME B16.5 are only permitted when both of the following re-
quirements are satisfied.

(-1) The material of construction for the flange satisfies the following equation.

S,
DT < 0.625 (4.2.1)
SLl
(-2) The component is not in cyclic service, i.e.,, a fatigue analysis is not required in accordance*with 4.1.1.4.
(b) Acceptable Category C welds are shown in the following tables.
(1) Table 4.2.4 - Some acceptable weld joints for shell seams.

(2) Table 4.2.6 - Some acceptable weld joints for unstayed flat heads, tubesheets without a.bolting flange, and side
plates of rectangular pressure vessels

(3) Table 4.2.7 - Some acceptable weld joints with butt weld hubs.
(4) Table 4.2.8 - Some acceptable weld joints for attachment of tubesheets with.a bolting flange
(5) Table 4.2.9 - Some acceptable weld joints for flange attachments.

(c) Flat Heads, Lap Joint Stub Ends, and Tubesheets with Hubs for Butt Joints

(1) Hubs for butt welding to the adjacent shell, head, or other pressure parts such as tubesheets and flat heads as
shown in Table 4.2.7 shall be forged or machined from flat plate. Forged*hubs shall be forged in such a manner as to
provide in the hub the full minimum tensile strength and elongation specified for the material in the direction parallel
to the axis of the vessel. Proof of this shall be furnished by a tension, test specimen (subsize, if necessary) taken in this
direction and as close to the hub as practical. Hubs machined frgm flat plates should satisfy the requirements of 3.9.

(2) Flanges with hubs as shown in Table 4.2.9, Details 6, 7_and 8 shall not be machined from plate.

(d) Corner Joints - If shells, heads, or other pressure parts.drée welded to a forged or rolled plate to form a corner joint
as shown in Table 4.2.6 and Table 4.2.8, then the weldsshall meet the following requirements.

(1) On the cross section through the welded jointrthe line between the weld metal and the forged or rolled plate
being attached shall be projected on planes both parallel to and perpendicular to the surface of the plate being attached,
in order to determine the dimensions a and bgrespectively.

(2) The dimensional requirements on a“and b shall meet the applicable requirements in Tables 4.2.6 and 4.2.8.

(3) Weld joint details that have a dimension through the joint that is less than the thickness of the shell, head, or
other pressure part, or that provide attachment eccentric thereto are not permitted.

(4) If an integral tubesheet is lgcated between two shells, heads, or other pressure parts, then a weld attachment
detail as shown in Table 4.2.6 shall'be used for each attachment.

42,55 Category D Locations

(a) The joints of Category D may be any of the following types.
(1) Type No: I butt joints
(2) Full pénetration corner joints except as limited in 4.2.5.8
(3) Full penetration corner joints at the nozzle neck or fillet welds, or both
(4)Rartial penetration corner joint at the nozzle neck
(b] Acceptable Category D welds are shown in the following tables.
(1) Table 4.2.4 - Some acceptable weld joints for shell seams
(2) Table 4.2.10 - Some acceptable full penetration welded nozzle attachments not readily radiographable
(3) Table 4.2.11 - Some acceptable pad welded nozzle attachments and other connections to shells
(4) Table 4.2.12 - Some acceptable fitting-type welded nozzle attachments and other connections to shells
(5) Table 4.2.13 - Some acceptable welded nozzle attachments that are readily radiographable
(6) Table 4.2.14 - Some acceptable partial penetration nozzle attachments
(c) Requirements for nozzle welds are shown below.
(1) Type No. 1 butt joints or full penetration joints shall be used when the opening in a shell is 64 mm (2.5 in.) or

more in thickness
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(2) Nozzle Neck Abutting the Vessel Wall Without Reinforcement - Nozzle necks abutting the vessel wall without
added reinforcing element shall be attached by a full penetration groove weld. Backing strips shall be used with welds
deposited from only one side or when complete joint penetration cannot be verified by visual inspection. Backing strips,
when used, shall be removed after welding. Permissible types of weld attachments are shown in Table 4.2.10, Details 1,
2,and 7.

(3) Insert Nozzle Necks Without Reinforcement - Nozzle necks without added reinforcing elements inserted par-
tially into or through a hole cut in the vessel wall shall be attached by a full penetration groove weld. Backing strips,
when used, shall be removed after welding. Permissible types of weld attachments are shown in Table 4.2.10, Details
3,4,5,6,and 8.

(4) Insert Nozzle Necks With Reinforcement - Inserted type necks having added reinforcement in the form of one or
more separate reinforcing plates shall be attached by continuous welds at the outer edge of the reinforcement pldte'and
at the nozzle neck periphery. A fatigue-screening criterion shall be applied to nozzles with separate reinforcement and
non-integral attachment designs. The welds attaching the neck to the vessel wall and to the reinforcement.shall be full
penetration groove welds. Permissible types of weld attachments are shown in Table 4.2.11, Details 1, 2;-and 3. [Also, see
(d).]

(5) Studded Pad Type Connections - Studded connections that may have externally imposed.loads shall be attached
using full penetration welds in accordance with Table 4.2.11, Detail 5. Studded pad type connections on which there are
essentially no external loads, such as manways and handholes used only as inspection openings, thermowell connec-
tions, etc., may be attached using fillet weld in accordance with Table 4.2.11, Detail 4.

(6) Fittings With Internal Threads - Internally threaded fittings shall be limited to~NPS 2 or smaller. Permissible
types of weld attachments are shown in Table 4.2.12.

(7) Nozzles With Integral Reinforcement - Nozzles having integral reinforcement may be attached using butt welds
of Type No.1. Nozzles or other connections with integral reinforcement that.are‘attached with corner welds shall be at-
tached by means of full penetration corner welds. Permissible types of wéld-attachments are shown in Table 4.2.13.

(8) Nozzle Attached With Partial Penetration Welds - Partial penetration welds may be used only for nozzle attach-
ments, such as instrumentation openings, inspection openings, etc., oan{which there are essentially no external mechan-
ical loadings and on which there will be no thermal stresses greater‘than in the vessel itself. Permissible types of weld
attachments are shown in Table 4.2.14. If Table 4.2.14, Details 3‘and 4 are used, then the material in the neck shall not be
included in the reinforcement area calculation (see 4.5).

(d) Except for nozzles at small ends of cones reinforced in-accordance with the requirements of 4.3.11, 4.3.12, 4.4.13,
and 4.4.14, as applicable, added reinforcement in the forim of separate reinforcing plates or pads may be used, provided
the vessel and nozzles meet all of the following requirements.

(1) The materials of the nozzle, pad, and vessel wall conform to those listed in Section IX, Table QW/QB-422 for
Material Types 1 and 4 shown in Table 4.2.3.

(2) The specified minimum tensile strength of the nozzle, pad, and vessel wall materials does not exceed 550 MPa
(80 ksi).

(3) The minimum elongation of the'nozzle, pad, and vessel wall materials is 12% in 50 mm (2 in.).

(4) The thickness of the added-reinforcement does not exceed 1.5 times the vessel wall thickness.

(5) The requirements of 5;54or pads, i.e., non-integral construction, in cyclic service are met.

4.2.5.6 Category E Locations

(a) Method of Attachment - Attachment of nonpressure parts shall be in accordance with the following requirements.

(1) Nonpressurejparts, supports, lugs, brackets, and stiffeners may be attached to the inside or outside wall using
butt welds, full.penetration groove welds, partial penetration welds, fillet welds, or stud welds as limited in the subse-
quent paragraphs.

(2) Resistance-welded studs may be used for minor attachments to nonpressure parts for all materials except those
included in" Material Type 3 (see Table 4.2.3).

(3)Supports, lugs, brackets, stiffeners, and other attachments may be attached with stud bolts to the outside or in-
side of a vessel wall (see 4.15.5).

(4) All attachments shall conform to the curvature of the shell to which they are to be attached.

(5) All welds joining minor attachments [see 4.2.5.1(g)] to pressure parts may be continuous or non-continuous for
Material Types 1, 2, and 4 (see Table 4.2.3).

(6) All welds joining nonpressure parts to pressure parts shall be continuous for Material Type 3 (see Table 4.2.3).

(7) Some acceptable types of attachment weld and associated minimum weld sizes are shown in Figure 4.2.2. See
(e) and (f) for limitations.
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(b) Materials for Major Attachments to Pressure Parts - Attachments welded directly to pressure parts shall be of a
material listed in Annex 3-A.

(1) The material and the deposited weld metal shall be compatible with that of the pressure part.

(2) For Material Type 3 (see Table 4.2.3), all permanent structural attachments other than minor attachments de-
scribed in (c) below [see 3.5.3.3 and 4.2.5.1(h)] that are welded directly to pressure parts shall be made of materials
whose specified minimum yield strength is within +20% of that of the material to which they are attached. An exception
to this requirement is that lightly loaded attachments of non-hardenable austenitic stainless steels conforming to
SA-240, SA-312, or SA-479 are permitted to be fillet welded to pressure parts conforming to SA-353; SA-553 Types\],
II, and III; or SA-645.

(c) Materials for Minor Attachments to Pressure Parts - Except as limited by (b) or for forged fabrication [see 6.7),
minor attachments made from material that does not conform to a material specification permitted in this*Division
may be used and may be welded directly to the pressure part, provided the requirements shown beloware satisfied.

(1) The material is identified and is suitable for welding in accordance with 3.2.1.3.

(2) The material is compatible insofar as welding is concerned with that to which the attachment is to be made.

(3) The welds are postweld heat treated when required in Part 6.

(d) Materials for Attachments Welded to Nonpressure Parts - Attachments welded to nonpressure parts made from
material that does not conform to a material specification permitted in this Division may be‘tsed, provided the material
is identified, is suitable for welding, and is compatible with the material to which attachiment is made.

(e) Attachment Welds to Pressure Parts of Material Types 1 and 4 (see Table 4.2:3)* Welds attaching nonpressure
parts or stiffeners to pressure parts shall be one of the following:

(1) A fillet weld not over 13 mm (0.5 in.) leg dimension and the toe of the'weld not closer than ./Rtg, from a gross

structural discontinuity

(2) A partial penetration weld plus fillet weld; this is limited to the attachment of parts not exceeding 38 mm
(1.5 in.) in thickness

(3) A full penetration groove weld plus a fillet weld on each,Side

(4) A full penetration butt weld; the prior deposition of weldimetal to provide a boss for the butt weld is permis-
sible, provided it is checked for soundness by suitable nondestructive examination. Heat treatment for the weld build-up
region shall be considered.

(5) For attachment of support skirts or other supports involving similar attachment orientation, in addition to the
weld types of (3) and (4), welds of greater effective throat dimension than 90 deg fillet welds, as obtained by increased
leg dimension or angle and bevel of parts joined, may be used where the effective throat is t, (see Figure 4.2.4); how-
ever, the limitation on thickness in (2) shall apply.

(6) Stiffening rings may be stitch welded\when the material of construction satisfies eq. (4.2.1) and the component
is not in cyclic service, i.e., a fatigue analysis is not required in accordance with 4.1.1.4.

(f) Attachment Welds to Pressure Parts of Material Types 2 and 3 (see Table 4.2.3) - Welds attaching nonpressure
parts or stiffeners to pressure parts;shall be one of the following:

(1) Except as permitted in (2), fillet welds are permissible only for seal welds or for lightly loaded attachments with

a weld size not over 10 mm (0.875 in.) leg dimension and the toe of the weld shall not be located closer than /Rtg, from

a gross structural discontinuity.
(2) For materials SA5333 Grade 8, SA-334 Grade 8, SA-353, SA-522, SA-553, and SA-645, fillet welds are permissible,
provided that the fillet weld leg dimension does not exceed 13 mm (0.5 in.) and the toe of the weld shall not be located

closer than /Rty ffom another gross structural discontinuity.

(3) A partial'penetration weld plus fillet weld; limited to the attachment of parts not exceeding 19 mm (0.75 in.) in
thickness.

(4)Afull penetration groove weld plus a fillet weld on each side.

(5) Full penetration butt weld (see (e)(4) for boss requirements).

(6) For attachment of support skirts or other supports involving similar attachment orientation, in addition to
welds permitted by (5) above, welds of greater effective throat dimension than 90 deg fillet welds may be used where
the throat is a minimum of t, (see Figure 4.2.4). The details in this figure are limited to attachment of parts not exceeding
19 mm (0.75 in.) in thickness unless the attachment weld is double welded.

(g) Stress Values For Weld Material - Attachment weld strength shall be based on the nominal weld area and the al-
lowable stress values in Annex 3-A for the weaker of the two materials joined, multiplied by the reduction factors, W,,
shown below.

(1) Full penetration butt or groove welds - W, = 1.0; the nominal weld area is the depth of the weld times the length
of weld.
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(-a) Groove welds - the depth of penetration times the length of weld.
(-b) Groove welds with fillet welds - the combined throat and depth of penetration, exclusive of reinforcement,
times the length of weld.

(3) Fillet welds - W, = 0.5; the nominal weld area is the throat area.

(h) Weld Overlay and Clad Construction

(1) Attachments may be welded directly to weld overlay deposits without restriction.

(2) For clad construction where design credit is taken is taken for cladding thickness, attachment welds may be
made directly to the cladding based for loadings not producing primary stress in the attachment weld not exceeding
10% of the design allowable stress value of the attachment or the cladding material, whichever is less. As an alternative,
local regions of weld overlay can be located within the cladding to provide an attachment location.

(3) For applied linings, attachments should be made directly to the base metal unless an analysis, tests, or hath' can
be performed to establish the adequacy and reliability of an attachment made directly to the lining. Note that suecessful
experience with similar linings in comparable service may provide a basis for judgment.

(i) PWHT Requirements - For heat treatment after welding, the fabrication requirements of the vessel base metal
apply.

(j) Evaluation of Need For Fatigue Analysis - In applying the fatigue screening analysis in 5.5,25fillet welds and non-
full-penetration welds shall be considered to be nonintegral attachments, except that the following welds need not be
considered because of the limitations of their use:

(1) Welds covered by (c), (e)(1), (f)(1) and (f)(2)

(2) Welds covered by (e)(5) and (f)(6) may be considered integral

4.2.5.7 Category F Locations

Requirements for Category F locations are given in 4.21.

4.2.5.8 Special Limitations for Joints in Quenched and Tempered High Strength Steels

(a) In vessels and vessel parts constructed of quenched and tempered high strength steels (see Table 3-A.2) except as
permitted in (b), all joints of Categories A, B, and C, and all other weldéd joints between parts of the pressure-containing
enclosure that are not defined by the category designation shall.be Type No. 1.

(1) If the shell plate thickness is 50 mm (2 in.) or less, then all Category D welds shall be Type No. 1 in accordance
with Table 4.2.13.

(2) If the shell plate thickness is greater than 50 mm*(2 in.), then the weld detail may be as permitted for nozzles in
Table 4.2.10 or Table 4.2.13.

(b) For materials SA-333 Grade 8, SA-334 Grade’8, SA-353, SA-522, SA-553, and SA-645 the weld joints shall be as

follows:

(1) All joints of Category A shall be Type*No. 1.

(2) All joints of Category B shall be, Type No. 1 or Type No. 2.

(3) All joints of Category C shall,Be-full penetration welds extending through the entire section at the joint.

(4) All joints of Category D attaching a nozzle neck to the vessel wall and to a reinforcing pad, if used, shall be full
penetration groove welds.

4259 Nozzle-Neck-to-Piping Welds

In the case of nozzlesecks that attach to piping of a lesser wall thickness [see 1.2.3(a)(1)], a tapered transition from
the weld end of themozzle may be provided to match the piping thickness although that thickness is less than otherwise
required by the rules of this Division (see Table 4.2.15).

4.2.5.10 Special Criteria for Corner Welds in Flexible Shell Element Expansion Joints

Each corner joint shall be a full penetration corner weld with a covering fillet and no backing strip. The covering fillet
shall.be located on the inside of the corner and shall have a throat per Table 4.2.16. Note that a fatigue evaluation may
require a larger weld. It is permitted for the corner weld to be full penetration through either element being joined.

4.2.6 NOMENCLATURE

a = geometry parameter used to determine the length requirements for a thickness transition or a required weld
size, applicable

b = geometry parameter used to determine the length requirements for a thickness transition or a required weld
size, applicable
¢ = weld size parameter
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R = mean radius of the shell or head
S,7 = minimum specified yield strength from Annex 3-D at the design temperature
S. = minimum specified ultimate tensile strength from Annex 3-D
t = nominal thickness of the flexible element of a flexible shell element expansion joint
t, = thickness of the attached member
t. = throat dimension of a corner weld
t. = thickness of the reinforcing element
t, = nominal thickness of the head
t, = nominal thickness of the shell or nozzle, as applicable
t, = nominal thickness of the outer shell element of a flexible shell element expansion joint
t, = distance from the outside surface of a flat head, flange, or other part to either the edge or center ofja weld
tpipe = minimum wall thickness of the connecting pipe
t, = required thickness of the shell in accordance with the requirements of this Division
trn = required thickness of seamless nozzle wall in accordance with the requirements of this Pivision
t, = nominal thickness of the shell
tsn = nominal thickness of shell, t,, or head, t,
t, = depth of penetration of the weld
t, = two times the thickness g (see 4.16) when the design is calculated as an integral{lange or two times the nozzle
thickness of the shell nozzle wall required for internal pressure when the design is calculated as a loose flange,
but in no case less than 6 mm (0.25 in.)
T = minimum thickness of a flat head, cover, flange, or tubesheet, as applicable
W, = weld type reduction factor

4.2.7 TABLES

Table4.2.1 (23)
Definition of<Weld Categories
Weld Category Description
A » Longitudinal and spiral welded jointswithin the main shell, communicating chambers [Note (1)], transitions in diameter, or

nozzles

Any welded joint within a sphiere,'within a formed or flat head, or within the side plates [Note (2)] of a flat-sided vessel
Any butt-welded joint within/a flat tubesheet

Circumferential weldedjoints connecting hemispherical heads to main shells, to transitions in diameter, to nozzles, or to

communicating chanibers

w
.

Circumferentiahwelded joints within the main shell, communicating chambers [Note (1)], nozzles or transitions in diameter
including joints ‘between the transition and a cylinder at either the large or small end

Circumferential welded joints connecting formed heads other than hemispherical to main shells, to transitions in diameter,
to nozzles;“or to communicating chambers

(@]
.

Welded joints connecting flanges, lap joint stub ends, tubesheets or flat heads to main shell, to formed heads, to transitions in
diameter, to nozzles, or to communicating chambers [Note (1)]
Any welded joint connecting one side plate [Note (2)] to another side plate of a flat-sided vessel

W)
.

Welded joints connecting communicating chambers [Note (1)] or nozzles to main shells, to spheres, to transitions in
diameter, to heads, or to flat-sided vessels

Welded joints connecting nozzles to communicating chambers [Note (1)] (for nozzles at the small end of a transition in
diameter see Category B)

m
.

Welded joints attaching nonpressure parts and stiffeners

1
.

Welded joints connecting tubes to tubesheets

NOTES:

(1) Communicating chambers are defined as appurtenances to the vessel that intersect the shell or heads of a vessel and form an integral part
of the pressure-containing enclosure, e.g., sumps.

(2) Side plates of a flat-sided vessel are defined as any of the flat plates forming an integral part of the pressure-containing enclosure.
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Table 4.2.2
Definition of Weld Joint Types

Weld Joint Type

Description

1

O 0 NN w N

Butt joints and angle joints where the cone half-apex angle is less than or equal to 30 deg produced by double welding or by other
means which produce the same quality of deposited weld metal on both inside and outside weld surfaces. Welds using backing
strips which remain in place do not qualify as Type No. 1 butt joints.

Butt joints produced by welding from one side with a backing strip that remains in place

Butt joints produced by welding from one side without a backing strip

Corner joints made with full penetration welds with or without cover fillet welds

Angle joints made with a full penetration weld where the cone half-apex angle is greater than 30 deg

Corner joints made with partial penetration welds with or without cover fillet welds

Fillet welds

Table 4.2.3
Definition of Material Types for Welding and Fabrication Requirements

Material Type

Description

1 e P-No. 1 Groups 1, 2, and 3
¢ P-No. 3 Group 3 except SA-302
e P-No. 4, Group 1, only SA-387 Grade 12 and SA/EN 10028-2 Grade 13CrMo4-5
e P-No. 8, Groups 1 and 2
e P-No. 9A Group 1
2 Materials not included in material Types 1, 3, and 4
3 Quenched and tempered high strength steels (see Table,3-A.2) except SA-372 Grade D and Class 70 of Grades E, F, G, H, and ]
when used for forged bottles
4 e P-No. 21 through P-No. 25 inclusive
e P-No. 31 through P-No. 35 inclusive
o P-No. 41 through P-No. 45 inclusjve
Table 4.2.4
Some Acceptable Weld Joints for Shell Seams
Joint Joint
Detail Type Category Design Notes Figure
1 1 A;B,\C) D ) W (
—
: 2 B )—ﬁﬁ
[ — I
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Table 4.2.4
Some Acceptable Weld Joints for Shell Seams (Cont'd)
Joint Joint
Detail Type Category Design Notes Figure

./ o

~—

4 1 A B CD e a23b
a4>
» The length of the taper, a, may include the

weld
« Joint Types 2 and 3 may be permissible, see

4.2.5.2 through 4.2.5.6 for limitations b / >< S

S N

Taper either Weld

inside or outside

5 1 A B, C D

A —

'\ / )

6 1 A B, C D |.73

7 1 B e a < 30¢deg t,
» see@2.5.3(f)
«yJoint Types 2 and 3 may be permissible, see ¢

4.2.5.2 through 4.2.5.6 for limitations

8 8 B e a>30deg x

o

9 1 B e a<30deg ¥

e see 4.2.5.3(f) [

« Joint Types 2 and 3 may be permissible, see
4.2.5.2 through 4.2.5.6 for limitations

10 8 B e a>30deg
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Table 4.2.5
Some Acceptable Weld Joints for Formed Heads

Detail

Joint
Type

Joint
Category

Design Notes

Figure

1

A B

¢ Joint Types 2 and 3 may be permissible, see
4.2.5.2 through 4.2.5.6 for limitations

e o > 3b when t; exceeds t;.

* torr < 0.5 (ty - &)

¢ The skirt minimum length is min[3¢;, 38 mm
(1.5 in.)] except when necessary to provide
the required taper length

If t; < 1.25t,, then the length of the skirt shall
be sufficient for any required taper

The length of the taper a may include the
width of the weld.

The shell plate center line may be on either
side of the head plate center line

Joint Types 2 and 3 may be permissible, see
4.2.5.2 through 4.2.5.6 for limitations

A

Tangent line

az3b
torr < 0.5(ts — tn) t b [*a
The length of the taper a may include the +
width of the weld.

The shell plate center line may be on either
side of the head plate center line

Joint Types 2 and 3 may be permissible, see
4.2.5.2 through 4.2.5.6 for limitations .

NS
[
g
w
o o

\

Thinner part
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Table 4.2.5
Some Acceptable Weld Joints for Formed Heads (Cont'd)

Joint Joint
Detail Type Category Design Notes Figure
5 1 A B * See Detail 4
toff
\ t
| X . /
y ~C
{ 1 N
t b - g AN
s
Thinner part
6 2 B e Butt weld and, if used, fillet weld shall be .
designed to take a shear load at 1.5 times Tangent poin (A a™ b
the design differential pressure ~
e a 2 min[2t,, 25 mm (1 in.)] D
e b, 13 mm (0.5 in.) minimum * ty I N *
e The shell thicknesses t;; and t;, may be [i\\
different 3 L I
e a, 15 deg < a <20 deg t, o t,
Seal or fillet weld
Butt weld
7 1 A B ey 22r, Forged part t
e ry 2 minftg, t,] / ¢ ° )
\ N\l N[ _ _?
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Table 4.2.6
Some Acceptable Weld Joints for Unstayed Flat Heads, Tubesheets Without a Bolting Flange, and
Side Plates of Rectangular Pressure Vessels

Joint Joint
Detail Type Category Design Notes Figure
1 7 C o a =2t
a t t
oty 2t a w s
b A
il il
_Vv /
2 7 C e a+bz22t;
o ty2ts NS aee
e t, = min[t,, 6 mm (0.25 in.)] t, t,
* The dimension b is produced by the weld 9
preparation and shall be verified after fit-up ‘ - y
and before welding il \ / 1 {
v /
—» [—pH
3 7 C ea+bz>2t,
e b =0 is permissible | ts
e The dimension b{is produced by the weld T ]\
preparation andsshdll be verified after fit-up K
and before {velding a < , <
b—
This weld metal may be
deposited before
\/\) completing the joint
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Table 4.2.7
Some Acceptable Weld Joints With Butt Weld Hubs
Joint Joint
Detail Type Category Design Notes Figure
1 1 C e r 210 mm (0.357 in.) for t; < 38 mm (1.5 in.) Tension test specimen
« r > min[0.25¢,, 19 mm (0.75 in.)] for I_él .
ts > 38 mm (1.5 in.)
— ~——
2 1 C e r 210 mm (0.357 in.) for t; < 38 mm (1.5 in.) Tension test specimen
e r 2 min[0.25¢t;5, 19 mm (0.75 in.)] for
ts >38 mm (1.5 in.) Ié (A

e ¢ 2 max[t, T] f

-— e—>| |
ri
~—  —
3 1 C ¢ h =max[1.5t;, 19 mm (0.75 in.)] but need not
exceed 51 mm (2 in.)
Tension test specimen
=
«h»‘

N~ —
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Table 4.2.8

Some Acceptable Weld Joints for Attachment of Tubesheets With a Bolting Flange

t. 2 0.7¢t,
c <t, + 6 mm (0.25 in.) maximum
r 2 max[0.25g, 5 mm_0.1875 in.)]

PN

Joint Joint
Detail Type Category Design Notes Figure
1 7 C ea+bz=2t, .
e b =0 is permissible
* The dimension b is produced by the weld
preparation and shall be verified after fit-up
and before welding
e ¢ 2 min[0.7¢,, 1.4t,]
Table 4.2.9
Some Acceptable Weld Joints for Flange Attachments
Joint Joint
Detail Type Category Design Notes Figure
1 10 C ¢ Loose Type Flange
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Table 4.2.9
Some Acceptable Weld Joints for Flange Attachments (Cont'd)
Joint Joint
Detail Type Category Design Notes Figure
2 10 C » Loose Type Flange
o t, 2 0.7t, I<— T—>
e c <t,+ 6 mm (0.25 in.) maximum
[ t"
N Y
e
\t
c
3 7 C ¢ Loose Type Flange
o t,20.7t, T
e ¢ < 0.5t maximum
e r 2 max[0.25g4, 5 mm (0.1875 in.)]
r
[ x <
. P
— C |a— c
4 7 C ¢ Loose Type‘Flange
o t, > 0ty |<—T—>|
e ¢ <(0’5t maximum
I: AN
[\ rd
—» c I<— )\x
tC
5 7 C * Loose Type Flange le— 77— Full penetration weld, single
o t. > 0.7t, / or double. The full penetration
t— weld may be through the lap

e t;2t, +5mm (0.1875 in.)

Gasket

(t) or through the wall (t,).

This weld may be machined

to a corner radius to suit
t, standard lap joint flanges.

1

NS

T
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Table 4.2.9
Some Acceptable Weld Joints for Flange Attachments (Cont'd)
Joint Joint
Detail Type Category Design Notes Figure
6 1 C « Integral Type Flange
e ¢ 2 1.5g9 minimum I<—T—>l<—C—>
e r 2 max[0.25g4, 5 mm (0.1875 in.)]
— Slope 1:3 max.
r
90
v
91
v K :
7 1 C « Integral Type Flange Slope exceeds 1:3
e ¢ 21.5g9 minimum
}40 R
%
T ~—
8 1 C « Integral Type Flange
* ¢ 215go minimum Slope exceeds 1:3
Slope 1:3 max.
/7 ¢ weld
9 7 C « Integral Type Flange
e ¢ > max[0.25¢t,, 6 mm (0.25 in.)] I<— T—» <—c
[ tn
N Y
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Table 4.2.9
Some Acceptable Weld Joints for Flange Attachments (Cont'd)

Joint Joint
Detail Type Category Design Notes Figure
10 7 C « Integral Type Flange
ea+b=23t, I<— T—»
* t, 2 min[t,, 6 mm (0.25 in.)]
e ¢ 2 min[t,, 6 mm (0.25 in.)]
[ - tn
A i
2 AN
y \)\/ AN ?
tp \c
b

Some Acceptable Full Penetration Welded Nozzle/Attachments Not Readily Radiographable

Table 4.2.10

Joint Joint
Detail Type Category Design Notes Figure
1 7 D * tc 2 min[0.7¢,, 6 mm (0.251n.)] Optional backing strip shall
e ry 2 min[0.25¢, 3 mm(0¥125 in.)] be removed after welding
t, >
t t, /
A g * sl
r
Y 1\
2 7 D e t. 2 min[0.7t,, 6 mm (0.25 in.)]
e ry =2 min[0.25¢, 3 mm (0.125 in.)] 1
tn
t
tC
17
r
Y !
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Table 4.2.10
Some Acceptable Full Penetration Welded Nozzle Attachments Not Readily Radiographable

(Cont'd)
Joint Joint
Detail Type Category Design Notes Figure
3 7 D e t. 2 min[0.7t,, 6 mm (0.25 in.)]
e ry 2 min[0.25¢, 3 mm (0.125 in.)] -1,
_/—\J

2
2K

\ )

PRI

Y A\
Z Optienal backing strip shall
be removed after welding

4 7 D e t. 2 min[0.7¢t,, 6 mm (0.25 in.)] ¢
e ry 2 min[0.25¢, 3 mm (0.125 in.)] n
r

5 7 D e t. 2 min[0.7t,, 6 mm (0.25 im)] -
e r3 = min[0.25¢, 3 mm (0.125 in.)] ‘ n
alternatively, a chamfer, of
r3 2 min[0.25¢, 3¢mmv(0.125 in.)] at 45 deg te
Y
_yY t,
t N\
3
/\ I3
6 7 D e t. 2 min[0.7¢t,, 6 mm (0.25 in.)] | ¢
e r1 2 min[0.25¢, 3 mm (0.125 in.)] "
A\/—\

r
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Table 4.2.10
Some Acceptable Full Penetration Welded Nozzle Attachments Not Readily Radiographable
(Cont'd)
Joint Joint
Detail Type Category Design Notes Figure
7 7 D * tc 2min[0.7¢,, 6 mm (0.25 in.)] Optional backing strip shall —
e ry 2 min[0.25¢, 3 mm (0.125 in.)] be removed after welding o
t, \
Y ( A
A 4 A
v ( Vv
t t,min.
Table 4.2.11
Some Acceptable Pad Welded Nozzle Attachments and.Other Connections to Shells
Joint Joint
Detail Type Category Design Notes Figure
1 7 D e t. 2 min[0.7t,, 6 mm (0.25 in.)]
* tyy 2 min[0.6¢,, 0.6t] /\‘
e r3 2 min[0.25¢, 3 mm (0.125 in.)]
alternatively, a chamfer of ™ tn Rl
rz 2 min[0.25¢, 3 mm (0.1257ip.)] at 45 deg V tc
te / /<' *
AN\ te
A K !
t rs
D\ _Y
I
2 7 D e t. 2 min[0.7t,, 6 mm (0.25 in.)]
* tr1 2 min[0.6t,, 0.6t]
e ry 2 min[0.25¢, 3 mm (0.125 in.)] - t, |
e
te AN
< YA \ te
t r
[N
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Table 4.2.11

Some Acceptable Pad Welded Nozzle Attachments and Other Connections to Shells (Cont'd)

Joint Joint
Detail Type Category Design Notes Figure
3 7 D e t. 2 min[0.7t,, 6 mm (0.25 in.)]
« t;1 = min[0.6t,, 0.6t] — ]
e r3 2 min[0.25¢, 3 mm (0.125 in.)]
alternatively, a chamfer of —> tn -
r3 =2 min[0.25¢, 3 mm (0.125 in.)] at 45 deg t
c
\\/
tp
te
\ t T
\ \ — &,
Y /
- \ tc
to \NIA v
4 10 D e ty; 2 min[0.7¢t,, 0.7t]
w
te
| I
tf2 | |
<«/ | %
AN
t
5 7 D e ty, 2 min[0.7¢t,, 0.7t] w
e r4 2 min[0.25¢, 3 mm (0.125 in.)]
|
X O =}
L4
L1 o
Itz
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Table 4.2.12

Some Acceptable Fitting-Type Welded Nozzle Attachments and Other Connections to Shells

Joint Joint
Detail Type Category Design Notes Figure
1 7 D e Limited to DN 50 (NPS 2) and smaller q:_
e t. 2 min[0.7t,, 6 mm (0.25 in.)] t, |
AN .
I
I
|
I
L d— |
I
2 7 D ¢ Limited to DN 50 (NPS 2) and smaller q:_
e t. 2 min[0.7¢t,, 6 mm (0.25 in.)] tc\ I
B I
/ |
(2 '
=
\Q |
>\\/tc |
3 7 D e Limited to DN 50 (NPS 2).and_smaller CI:_
e t. 2 min[0.7t,, 6 mm (0.25in.)] |
¢ |
I
I
I
I
I
4 10 D, ¢ Limited to DN 50 (NPS 2) and smaller ¢
e t. > min[0.7t,, 6 mm (0.25 in.)] — f2
* ty; 2 min[0.7¢t,, 0.7t] t \—
I X
N
5 9 D ¢ Limited to DN 50 (NPS 2) maximum
 The groove weld ¢, shall not be less than the
thickness of Schedule 160 t
g9

e t. 2 min[0.7t,, 6 mm (0.25 in.)]

(23)
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Table 4.2.13
Some Acceptable Welded Nozzle Attachments That Are Readily Radiographable
Joint Joint
Detail Type Category Design Notes Figure
1 1 D e r1 2 min[0.25¢, 3 mm (0.125 in.)] N
e r, = min[0.25t,, 19 mm (0.75 in.)] -t
N/
2
A
A J
a
t
2 1 D e r; 2 min[0.25¢, 3 mm (0.125 in.)] t |a—
e r, 2 min[0.25¢,, 19 mm (0.75 in.)] ﬁ n
r2 ~—
r 45° max
30° max t
— T
1
TRy
* <«+—»—1.5¢t min.
t
3 1 D e ry 2 min[0.25¢, 3 mm (0.125 in.)]
e r, = min[0.25¢,, 19 mm (0.75 fu)] 2 *I 1,
o t3+ty <02t
*a, +a, <185 deg
I
13 mm (0.5 in.) min. |
an
N .
4 t3
D
‘ v
A
4 1 D, e ry 2 min[0.25¢, 3 mm (0.125 in.)] A
e ry 2 min[0.25¢,, 19 mm (0.75 in.)] 4]
i
h
45° max. 45° max
18.5° max. 30° max
30° max. r, ’
r
2
¥ ]
j/ r1 T r1 / ] g
t
0.2t max. A Section A-A

Sections Perpendicular and Parallel to the
Cylindrical Vessel Axis
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Table 4.2.13
Some Acceptable Welded Nozzle Attachments That Are Readily Radiographable (Cont'd)
Joint Joint
Detail Type Category Design Notes Figure
5 1 D e r1 2 min[0.25¢,, 3 mm (0.125 in.)]
e r, 2min[0.25¢,, 19 mm (0.75 in.)] ;
Bl n
rp
A |
EDIG
\
" \
6 1 D e r; 2 min[0.25¢,, 3 mm (0.125 in.)] Optional backing/strip
e r, 2min[0.25¢,, 19 mm (0.75 in.)] shall be remdved
after welding
< tn
Y
(¢ ) S_ r
\
\L
t
7 7 D e t. 2 min[0.7t,, 6 mm (0.25 in.)]

ri 2 min[0.25¢, 3 mm (0.125 in.}}
r, 219 mm (0.75 in.)
rq 2 6 mm (0.25 in.)

a4
[ ,»
K]

!

Section A-A

Sections Perpendicular and Parallel to the
Cylindrical Vessel Axis
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Table 4.2.14
Some Acceptable Partial Penetration Nozzle Attachments
Joint Joint
Detail Type Category Design Notes Figure
1 9 D e t. 2 min[0.7t,, 6 mm (0.25 in.)] —
. t, > 1.25¢t, d —
t, —» |e—t
n
1.5 mm (0.0625 in.)
recess
| 4R
Ly,
2 9 D e t. 2 min[0.7t,, 6 mm (0.25 in.)]
e t, =1.25¢t,
1.5 mm (0.0625 in.) recess
Section A-A
3 9 D e r1 2 min[0.25¢, 3 mm (0.125 in.)]
Cmax defined as follows: CmaX—P -
0.25 mm, D, < 25 mm e
0.51 mm, 25 mm < D, < 102 mm N
« 0.76 mm, D, > 102 mm ty
0.01in, D, < 1in. Outside < D,
0.02 in, 1in.< D, < 4 in.
0.03 in,, D, > 4 in. .
n -am 1.25t, min.
t
- A
¢ N L
4 9 D o tr; 2 min[0:%E5) 0.7t]
r1 = minf025¢, 3 mm (0.125 in.)] Crax—>| |=—
Cmax'defined as follows:
0.25\mm, D, < 25 mm _.:\'/J t
051 mm, 25 mm < D, < 102 mm try n
¢ 0.76 Tnm, D, > 1.02 mm ‘ w Do
0.01 in, D, <1 in.
0.02 in, 1 in. <D, < 4 in. t \
0.03 in,, D, > 4 in. e /< 1.25t, min
TN %
o r.
1
1 1.25¢, S
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Table 4.2.15
Nozzle Necks Attached to Piping of Lesser Wall Thickness

Joint Joint
Detail Type Category Design Notes Figure
1 1 Not * The weld bevel is shown for illustration only
applicable e t1 2 max[0.8t,,, tpipel
e a <30 deg
e 3,14 deg < B < 18.5 deg
e r, 6 mm (0.25 in.) min. radius
» Joint Types 2 and 3 may be permissible; see
4.2.5.2 through 4.2.5.6 for limitations
2 1 Not e t1 2 max[0.8t,,, tyipel

applicable [ * a <30 deg

e 3,14 deg < B < 18.5 deg

e r, 6 mm (0.25 in.) min. radius

¢ Joint Types 2 and 3 may be permissible; see
4.2.5.2 through 4.2.5.6 for limitations

Table 4.2.16
Corner Welds for Flexible Shell Element Expansion Joints
Joint Joint
Detail Type Category Design Notes Figure
1 7 Not t. 2 min[0.7¢, 0.7t,, 6mm*(0.25 in.)] i Outer shell element
applicable Full penetrahon—\
N
/<_, Fillet weld required
4 |'—t on this side of corner
Flexible element
2 7 Not t:%= min[0.7¢, 0.7t,, 6 mm (0.25 in.)] ) Outer shell element
applicable Full penetration —\ t
tC
K | .
N Fillet weld required
| l_ on this side of corner
— t
Flexible element
3 7 Not tc 2 min[0.7¢, 0.7t5, 6 mm (0.25 in.)] Fillet weld required ¢
applicable on this side of corner _L/ Flexible element
P4
/&tc
tg XFU” penetration
Shell
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(23)

&

~
%

Table 4.2.16
Corner Welds for Flexible Shell Element Expansion Joints (Cont'd)
Joint Joint
Detail Type Category Design Notes Figure
4 7 Not t. 2 min[0.7¢, 0.7t;, 6 mm (0.25 in.)] Fillet weld required ¢
applicable on this side of corner |—_

/ Flexible element

A

(3

S—Full penetration
Shell

4.2.8 FIGURES

Figure 4.2.1

Weld Joint Locations Typical of Categories A, B, C, D, E,iand F

R @

A

"N

@f@

e

()

G
%f

¢ o

i
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Figure 4.2.2
Some Bracket, Lug, and Stiffener Attachment Weld Details

Ar r A

Continuous \ Continuous \

E /] BL
$

Continuous [Acceptable
N,

~ <

-

il

B
(d) (e) (f)
W’B mm (0.25 in.) max.
—_ ~—
[
[
1
o u 1
1 _—
b b
o] ] - N
Weld buildup - . - -5
r= X i t i
[N 1l 11
: | 0 o a [ : [
[ 1 : ' : t _____ | t _____
B i =t ¥
: 1 | :__%_{7 : | 1
L i a L Li
- La t L
LA
—_ ~— Round corners Round corners
' ' on pads on pads
jum>
I
: 1
Section A-A Section B-B

GENERAL NOTES:

(a) Attachment weld size: a 2 0.25¢t and b = 0.5¢.

(b) Vents.holes shall be considered for continuously attached pads.

(c) For design (e) above, a minimum of 50% of the web must be welded, evenly spaced around the circumference of the shell.
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A

Yy

A

A

In-Line
Intermittent Weld

Stiffener ‘\

—— 50 mm (2 in.)

min.

S[Notes (1) and (2)]

Figure 4.2.3

N

T

Ll

‘4— wW—-s

Staggered
Intermittent Weld

{

— ~

SheIIJ

(a)

W ——»

(b)

Continuous full
penetration weld

Some Acceptable Methods of Attaching Stiffening Rings

S [Notes (1) and (2)] — i
JL —— 50 mm (2 in.)
A Y min.
——50 mm (2in.) I
Y min.
24t max.

=

Continuous Fillet Weld
One Side, Intermittent Other Side

(c)

{ {

NOTES:
(1) For external stiffeners, S < 8t.
(2) For internal stiffeners, S < 12¢.

——

GENERAL NOTE: See 4.2.5.6(e) for limitations.

~
N

(e)
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Figure 4.2.4
Some Acceptable Skirt Weld Details

N
c c
c
t,

a

Double A
t,|a» t, — welded
P
(a) (b) (c)
— )
/\/\
N Weld metal
| |
~—
Forging
(d) (e) (f)

GENERAL NOTES:

(a) All welds are continuous.

(b) c is the minimum thickness of the weld metal from the root to the face of the weld.
(c) Attachment weld size: ¢ 2 t,.
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4.3 DESIGN RULES FOR SHELLS UNDER INTERNAL PRESSURE
4.3.1 SCOPE

4.3.1.1 4.3 provides rules for determining the required wall thickness of cylindrical, conical, spherical, torispherical,
and ellipsoidal shells and heads subject to internal pressure. In this context, internal pressure is defined as pressure
acting on the concave side of the shell.

4.3.1.2 The effects of supplemental loads are not included in design equations for shells and heads included in 4.3.3
to 4.3.7. Supplemental loads shall be defined in the User’s Design Specification and their effects that result in combined
loadings shall be evaluated in a separate analysis performed in accordance with the methods in 4.3.10.

4.3.1.3 Rules are provided for the design of cylindrical-to-conical shell transition junctions in 4.3.11 and 4.3¢(12. To
facilitate the use of these rules, the shell wall thickness and stiffener configuration, as applicable, shall be designed using
the rules in 4.3.3 through 4.3.7. After an initial design is determined, this design should then be checked and modified as
required using the rules of 4.3.12 and 4.3.13.

4.3.2 SHELL TOLERANCES

4.3.2.1 The shell of a completed vessel shall satisfy the following requirements.

(a) The difference between the maximum and minimum inside diameters at any cross section shall not exceed 1% of
the nominal diameter at the cross section under consideration. The diameters may be measured on the inside or outside
of the vessel. If measured on the outside, the diameters shall be corrected for the plate thickness at the cross section
under consideration.

(b) When the cross section passes through an opening or within one inside‘diameter of the opening measured from
the center of the opening, the permissible difference in inside diameters_given above may be increased by 2% of the
inside diameter of the opening. When the cross section passes through any.ether location normal to the axis of the ves-
sel, including head-to-shell junctions, the difference in diameters shallnot exceed 1%.

4.3.2.2 Tolerances for formed heads shall satisfy the following requirements.

(a) The inner surface of torispherical, toriconical, hemispherieal; or ellipsoidal heads shall not deviate outside of the
specified shape by more than 1.25% of D nor inside the specified shape by more than 0.625% of D, where D is the nom-
inal inside diameter of the vessel shell at the point of attachmient. Such deviations shall be measured perpendicular to the
specified shape and shall not be abrupt. The knuckle yadius shall not be less than that specified

(b) Measurements for determining the deviations'specified in (a) shall be taken from the surface of the base metal and
not from welds.

(c) When the straight flange of any unstayed formed head is machined to make a lap joint connection to a shell, the
thickness shall not be reduced to less than®90% of that required for a blank head or the thickness of the shell at the point
of attachment. When so machined, the tgansition from the machined thickness to the original thickness of the head shall
not be abrupt but shall be tapered for\a' distance of at least three times the difference between the thicknesses.

4.3.2.3 Shells that do not meet the tolerance requirements of this paragraph may be evaluated using 4.14.

4.3.3 CYLINDRICAL SHELLS

4.3.3.1 Required. Thickness. The minimum required thickness of a cylindrical shell subjected to internal pressure
shall be determined using the following equation.
D P
t= E(exp[ﬁ} - lj (4.3.1)

4.3(3.2- Combined Loadings. Cylindrical shells subject to internal pressure and other loadings shall satisfy the re-
quitements of 4.3.10.

4.3.4 CONICAL SHELLS

4.3.4.1 Required Thickness. The minimum required thickness of a conical shell (see Figure 4.3.1) subjected to in-
ternal pressure shall be determined using the following equation.

t= le[a](exp[é} - 1) (4.3.2)
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4.3.4.2 Offset Transitions. The cylinders for an offset cone shall have parallel centerlines that are offset from each
other by a distance no greater than the difference of their minimum radii, as shown in Figure 4.3.2. Configurations that
do not satisfy this requirement shall be evaluated per Part 5. The offset cone shall be designed as a concentric cone using
the angle, a, as defined in eq. (4.3.3).

a= max|:a1, az} (4.3.3)

4.3.4.3 Combined Loadings. Conical shells subject to external pressure and other loadings shall satisfy the require-
ments of 4.3.10.

4.3.5 SPHERICAL SHELLS AND HEMISPHERICAL HEADS

4.3.5.1 The minimum required thickness of spherical shells and hemispherical heads shall be determined using the

following equation:
D 0.5P

4.3.5.2 Combined Loadings. Spherical shells and hemispherical heads subject to_ifiternal pressure and other load-
ings shall satisfy the requirements of 4.3.10.

4.3.6 TORISPHERICAL HEADS

4.3.6.1 Torispherical Heads With the Same Crown and Knuckle Thicknesses. The minimum required thickness of a
torispherical head (see Figure 4.3.3) subjected to internal pressure shallbe calculated using the following procedure.

Step 1.Determine the inside diameter, D, and assume values for the créwn radius, L, the knuckle radius, r, and the wall
thickness t.

Step 2.Compute the head L /D, r/D, and L /tratios and detertnine if the following equations are satisfied. If the equa-
tions are satisfied, then proceed to Step 3; otherwise, the héad shall be designed in accordance with Part 5. The lower
limit of 20 for L/t does not apply to torispherical dished:bolted covers designed in accordance with 4.7.

07 < % <10 (4.3.5)
r
— 2> 0.06
5 (4.3.6)
L
20 < - <2000 (4.3.7)
Step 3.Calculate thé«fellowing geometric constants:
By, = arccos[ O'iD = r} radians (4.3.8)
bin = ﬂ, radians (4.3.9)
r
05D -r
=—————+r for ¢, < 4.3.10
o3 B — bun] th < Pn ( )
Ryp = 0.5D for ¢y, > By, (4.3.11)

(23)
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Step 4.Compute the coefficients C; and C, using the following equations.

¢ = 9.31(%] - 0.086 for % <0.08 (4.3.12)
€l = 0.692(%) +0.605 for % > 0.08 (4.3.13)
Cy = 1.25 for % < 0.08 (@3.14)

C, = 1.46 — 2.6(%] for % > 0.08 (4.3.15)

Step 5.Calculate the value of internal pressure expected to produce elastic buckling of ¢he - knuckle.

ClEth

R,
Cthh{Tth - r)

Feth = (4.3.16)

Step 6. Calculate the value of internal pressure that will result in a maximurm stress in the knuckle equal to the material
yield strength.
C3t

Y= R 4.3.17
cthh(ZLrh \ ) ( )

If the allowable stress at the design temperature is goverfied by time-independent properties, then C3 is the material
yield strength at the design temperature, or C3 = S,,. If the allowable stress at the design temperature is governed by
time-dependent properties, then C3 is determined.ds follows.

(a) If the allowable stress is established baséd’ on 90% yield criterion, then C3 is the material allowable stress at the
design temperature multiplied by 1.1, or C3 =\1.1S.

(b) If the allowable stress is established based on 67% yield criterion, then C3 is the material allowable stress at the
design temperature multiplied by 1.5y0rC3 = 1.5S.

Step 7.Calculate the value of inteknal pressure expected to result in a buckling failure of the knuckle.

Py = 0.6P,y, for G < 1.0 (4.3.18)

3 2 3
s 0.77508G — 0.20354G ;0.0192746 b, for 6> 10 (4.3.19)
1+ 0.19014G — 0.089534G> + 0.0093965G
where
P
G = (4.3.20)
y

Step 8.Calculate the allowable pressure based on a buckling failure of the knuckle.

P
Py = % (4.3.21)

Cfpp 9 _Calculate the allowable pressure based on rupture of the crown
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2SE

=17 (4.3.22)
Lo

Step 10.Calculate the maximum allowable internal pressure.

Py = min|Pyp, Py (4.3.23)

Step 11.1f the allowable internal pressure computed from Step 10 is greater than or equal to the design pressure, then
the design is complete. If the allowable internal pressure computed from Step 10 is less than the design pressure, then
increase the head thickness and repeat Steps 2 through 10. This process is continued until an acceptable design is
achieved.

4.3.6.2 Torispherical Heads With Different Crown and Knuckle Thicknesses. A torispheri¢al)head formed from
several welded components as shown in Figure 4.3.4 may have a smaller thickness in the-Spherical crown than in
the knuckle region. The transition in thickness shall be located on the inside surface of thecthicker part, and shall have
a taper not exceeding 1:3.

(a) The minimum required thickness of the spherical dome of the head shall be determined in accordance with 4.3.5.

(b) The minimum required thickness of the knuckle region of the head shall bé)determined in accordance with
4.3.6.1, Step 2.

4.3.6.3 Combined Loadings. Torispherical heads subject to internal pressdre and other loadings shall satisfy the
requirements of 4.3.10. In this calculation, the torispherical head shall be @pproximated as an equivalent spherical shell
with a radius equal to L.

4.3.7 ELLIPSOIDAL HEADS

4.3.7.1 Required Thickness. The minimum required thiekness of an ellipsoidal head (see Figure 4.3.5) subjected to
internal pressure shall be calculated using the equations_ in\4:3.6 with the following substitutions for r and L.

r s D(OT'S - 0.08] (4.3.24)
L = D(0.44k + 0.02) (4.3.25)
where
D
k= (4.3.26)

The rules in this paragraph are applicable for elliptical heads that satisfy eq. (4.3.27). Elliptical heads that do not sa-
tisfy this equation shall’be designed using Part 5.

17 <k<22 (4.3.27)

4.3.7.2)> Combined Loadings. ellipsoidal heads subject to internal pressure and other loadings shall satisfy the re-
quirements of 4.3.10. In this calculation, the ellipsoidal head shall be approximated as an equivalent spherical shell with
a(radius equal to L.

4.3.8 LOCAL THIN AREAS
4.3.8.1 Local Thin Areas. Rules for the evaluation of Local Thin Areas are covered in 4.14.

4.3.8.2 Local Thin Band in Cylindrical Shells. A complete local circumferential band of reduced thickness at a weld
joint in a cylindrical shell as shown in Figure 4.3.6 is permitted providing all of the following requirements are met.

(a) The design of the local reduced thickness band is evaluated by limit-load or elastic-plastic analysis in accordance
with Part 5. All other applicable requirements of Part 5 for stress analysis and fatigue analysis shall be satisfied.

(b) The cvlinder geometrv shall satisfy R/t > 10
7 4 (=] 4 7 mr7
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(c) The thickness of the reduced shell region shall not be less than two-thirds of the cylinder required thickness de-
termined in accordance with 4.3.3.

(d) The reduced thickness region shall be on the outside of the vessel shell with a minimum taper transition of 3:1 in
the base metal. The transition between the base metal and weld shall be designed to minimize stress concentrations.

(e) The total longitudinal length of each local thin region shall not exceed \/R—mt (see Figure 4.3.6).

(f) The minimum longitudinal distance from the thicker edge of the taper to an adjacent structural discontinuity shall
be the greater of 2.5\/R—mt or the distance required to assure that overlapping of areas where the primary membrane
stress intensity exceeds 1.1S does not occur.

4.3.9 DRILLED HOLES NOT PENETRATING THROUGH THE VESSEL WALL

4.3.9.1 Design requirements for partially drilled holes that do not penetrate completely through the vessel wall are
provided in this paragraph. These rules are not applicable for studded connections or telltale holes.

4.3.9.2 Partially drilled radial holes in cylindrical and spherical shells may be used, provided the following require-
ments are satisfied.

(a) The drilled hole diameter is less than or equal to 50 mm (2 in.).

(b) The shell inside diameter to thickness ratio is greater than or equal to 10.

(c) The centerline distance between any two partially drilled holes or between a partially\drilled hole and an unrein-
forced opening shall satisfy the requirements of 4.5.13.

(d) Partially drilled holes shall not be placed within the limits of reinforcement ofiasréinforced opening.

(e) The outside edge of the hole shall be chamfered. For flat bottom holes, the ih$ide bottom corner of the hole shall
have a minimum radius, rj, of the following:

rhr = min[%, 6 mm (0.25 in.]} (4.3.28)

(f) The minimum acceptable remaining wall thickness, t,,, at the location of a partially drilled hole shall be deter-
mined as follows:

trw > max] b5, 025¢, 6mm (0.251n.) | (4.3.29)

where,

05
towl = t| — 12261727 + 1.9842895 (%] - 2.236553(%) h{%ﬂ (4.3.30)

(g) The calculated average shearstress, as determined below shall not exceed 0.8S.

Pd
Tpd = T— (4.3.31)
4t

4.3.10 COMBINED LOADINGS AND ALLOWABLE STRESSES

4.3.10.1 General. The rules of this paragraph shall be used to determine the acceptance criteria for stresses devel-
oped in cylindrical, spherical, and conical shells subjected to internal pressure plus supplemental loads of applied net
section axial force, bending moment, and torsional moment, as shown in Figure 4.3.7. The rules in this paragraph are
only.applicable to cylindrical, spherical, and conical shells where the wall thickness is determined using the rules in
4,3.3-through 4.3.5, respectively. These rules are applicable if the requirements shown below are satisfied. If all of these
réquirements are not satisfied, the shell section shall be designed per Part 5.

(a) The rules are applicable for regions of shells that are 2.5./Rt from any gross structural discontinuity.

(b) These rules do not take into account the action of shear forces, since these loads generally can be disregarded.

(c) The ratio of the shell inside radius to thickness is greater than 3.0.

4.3.10.2 The following procedure shall be used to determine the acceptance criteria for stresses developed in cy-
lindrical, spherical, and conical shells subjected to internal pressure plus supplemental loads of applied net section axial

force, hnnding moment and torsional moment
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Step 1.Calculate the membrane stress.
(a) For cylindrical shells:
Om = 5o (43.32)
E(D, - D)
1| pp? 4F 32MD,cos] 6]
Ogm = —= + + 4.3.33
"B\ D -0®  a(pf-0?) " [ - 0% ( )
__LoMb, 4334
n[D;* - D4] (4.3.34)
(b) For spherical shells for 0 deg < ¢ < 180 deg:
0om = PiDZ 4.3.35
Om E(Dngz) (4.3.35)
1| pp? 4F 32MD,cos 0
== + + 4.3.36
%sm = g| pZ _ p? o2 - p?)sin? ¢] \ #(Df - D*)sin ] ( )
32MD, cos| pJus 16M,D,
= T aesn[0] + ——— = — 4337
n{pg - 0*) sin’ 4] (D - D4)sin2[¢>] (+:3:37)
(c) For conical shells for @ < 60 deg:
PD
9om = W (4.3.38)
1 pPD? 4F 32MD,cos[ 0]
== + + 4.3.39
%sm =g (Dg - Dz)cos[a] n(Dg - Dz)cos[rx] n[D(;l - D4]cos[¢x:| ( )
32MD, . 16M,D,
=222 0] + ———to _
ot -7 an[ a Jsin[6)] {0 - o) (4.3.40)
Step’2. Calculate the principal stresses.
’ 2
o1 = 0.5[09,,, + Ogm + \/(O'gm - asm) + 41'2] (4.3.41)
[ 2
oy = 0.5[09,,, + Ogm — \/(O'gm - asm] + 412] (4.3.42)
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(23)

03 = 0, = 0 for stress on the outside surface (4.3.43)

Step 3. At any point on the shell, the following limit shall be satisfied.

1 2 2 2705
ﬁ|:(01 - 02] + (0'2 - 0'3) + (03 - O‘l] } <S (4.3.44)

Step 4.For cylindrical and conical shells, if the axial membrane stress, o,,, is compressive, then eq. (4.3.45) shall be
satisfied where F,,, is evaluated using 4.4.12.2 with A = 0.15. For spherical shells, the allowable compressive stress cri-
teria in 4.4.12.4 shall be satisfied. Note that the controlling condition for this case may be the combined loadingswithout
internal pressure.

Osm < Fyq (4.3.45)

4.3.11 CYLINDRICAL-TO-CONICAL SHELL TRANSITION JUNCTIONS WITHOUT.A-KNUCKLE

4.3.11.1 The following rules are applicable for the design of conical transitions or circular cross-sections that do not
have a knuckle at the large end or flare at the small end under loadings of internal pressure and applied net section axial
force and bending moment. Acceptable conical transition details are shown in Figure~4.3.8. Design rules for a knuckle at
the large end or flare at the small end are provided in 4.3.12.

4.3.11.2 Design rules are provided for the cylinder-to-cone junction(details shown in Figure 4.3.9. Details with a
stiffening ring at the cylinder-to-cone junction, or other details that differ from the ones shown in this figure shall be
designed in accordance with Part 5.

4.3.11.3 Except as permitted in Figure 4.18.15, the length ofithe’ conical shell, measured parallel to the surface of the
cone shall be equal to or greater than the following value.

chz.o\/ Rite | 14 | Rste (4.3.46)

o a| - \fcos[a]

4.3.11.4 The procedure that shall be used\to design the large end of a cylinder-to-cone junction without a knuckle is
described below.

Step 1.Compute the required thickness of the cylinder at the large end of the cone-to-cylinder junction using 4.3.3,
and select the nominal thickness, &\

Step 2.Determine the cone half<apex angle, a; compute the required thickness of the cone at the large end of the cone-
to-cylinder junction using 4,3.4; and select the nominal thickness, t..

Step 3.Proportion the cone geometry such that eq. (4.3.46) and the following equations are satisfied. If all of these
equations are not satisfied, then the cylinder-to-cone junction shall be designed in accordance with Part 5. In the calcu-
lations, if 0 deg < @ <M 0 deg, then use @ = 10 deg.

20 < % <500 (4.3.47)
L
tc
1< <2
: (4.3.48)
a < 60 deg (4.3.49)

Step 4. Determine the net section axial force, F;, and bending moment, M, applied to the conical transition. The thrust
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B, M

X, = +
L™ 2nR, ~ 7R?

(4.3.50)

Step 5.Compute the junction transition design parameters. For calculated values of n other than those presented in
Tables 4.3.3 and 4.3.4, linear interpolation of the equation coefficients, C;, is permitted.

n=: 4351
= (43.51)

_ R
H—\/tL (4.3.52)
B = tan[a| (4.3.53)

Step 6.Compute the stresses in the cylinder and cone at the junction using the equations in Table 4.3.1. The allowable
stress criterion for a tensile stress is provided in Table 4.3.1. If either the hopop membrane stress, o4,,, or axial mem-
brane stress, 0;,,, at the junction is compressive, then the condition of local buckling shall be considered. Local buckling
is not a concern if the limits given in eqs. (4.3.54) and (4.3.55) are satisfied\Fy,, is evaluated using 4.4.5.1, but substitut-

t
ing Fp, = 0.4E| —
the design of the junction is complete.

j. Fq is evaluated using 4.4.12.2(b) with A = 0.15. If thé stresses of the acceptance criteria are satisfied,
oom'SEra (4.3.54)

Osm < Fxq (4.3.55)

Step 7.1f the stress acceptance criterion ifi Step 6 is satisfied, then the design is complete. If the stress acceptance cri-
terion in Step 6 is not satisfied, the cylinder thickness or cone thickness near the junction may be increased until the
stress acceptance criterion is satisfied. The section of increased thickness for the cylinder and cone shall extend a mini-
mum distance from the junction.as§ shown in Figure 4.3.9. Proceed to Step 3 to repeat the calculation with the new wall
thickness.

4.3.11.5 The procedure‘that shall be used to design the small end of a cylinder-to-cone junction without a flare is
described below.

Step 1.Compute the required thickness of the cylinder at the small end of the cone-to-cylinder junction using 4.3.3,
and select the mominal thickness, ts.

Step 2. Determine the cone half-apex angle, a; compute the required thickness of the cone at the small end of the cone-
to-cylinder\junction using 4.3.4; and select the nominal thickness, t..

Step'3.Proportion the cone geometry such that eq. (4.3.46) and the following equations are satisfied. If all of these
equations are not satisfied, then the cylinder-to-cone junction shall be designed in accordance with Part 5. In the calcu-
lations, if 0 deg < a < 10 deg, then use a = 10 deg.

20 < % <500 (4.3.56)
S
tc
1< <r
ts (4.3.57)
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a < 60 deg (4.3.58)

Step 4. Determine the net section axial force, Fg, and bending moment, M, applied to the conical transition. The thrust
load due to pressure shall not be included as part of the axial force, Fs. Determine an equivalent, X, line using eq.
(4.3.59).

Fs Mg
= + =5
ZTERS T RS

(4.3.59)

Xs

Step 5.Compute the junction transition design parameters. For calculated values of n other than those presented in
Tables 4.3.5 and 4.3.6, linear interpolation of the equation coefficients, C;, is permitted.

7
n=-=<

s (4.3.60)
H=|%s (4.3.61)
ts
B = tan[a] (4.3.62)

Step 6. Compute the stresses in the cylinder and cone at the junction using the.equations in Table 4.3.2. The allowable
stress criterion for a tensile stress is provided in Table 4.3.2. If either the hoop*membrane stress, 04,,, or axial mem-
brane stress, o, at the junction is compressive, then the condition of local buckling shall be considered. Local buckling
is not of concern if the limits given in eqs. (4.3.54) and (4.3.55) are\satisfied, using the procedure provided in
4.3.11.4, Step 6. If the stresses of the acceptance criteria are satisfied{the design of the junction is complete.

Step 7.1f the stress acceptance criterion in Step 6 is satisfied, then the design is complete. If the stress acceptance cri-
terion in Step 6 is not satisfied, the cylinder thickness or cone'thickness near the junction may be increased until the
stress acceptance criterion is satisfied. The section of increased thickness for the cylinder and cone shall extend a mini-
mum distance from the junction as shown in Figure 4.3.9. Proceed to Step 3 to repeat the calculation with the new wall
thickness.

4.3.12 CYLINDRICAL-TO-CONICAL SHELK TRANSITION JUNCTIONS WITH A KNUCKLE

4.3.12.1 General. The following rules are applicable for the design of conical transitions of circular cross-section
with a knuckle at the large end or flare at the small end under loadings of internal pressure and applied net section axial
force and bending moment. Acceptable ¢pnical transition details are shown in Figure 4.3.10. Design rules for transition
junctions without a knuckle at the large end or flare at the small end are provided in 4.3.11.

4.3.12.2 The procedure that shall be used to design the large end of a cylinder-to-cone junction with a knuckle is
described below.

Step 1.Compute the required thickness of the cylinder at the large end of the cone-to-cylinder junction using 4.3.3,
and select the nominal thickness, t;.

Step 2. Determine thé cone half-apex angle, @; compute the required thickness of the cone at the large end of the cone-
to-cylinder junctiofi using 4.3.4; and select the nominal thickness, t..

Step 3.Proportion the transition geometry by assuming a value for the knuckle radius, ry, and knuckle thickness, ¢,
such that the“fellowing equations are satisfied. If all of these equations cannot be satisfied, then the cylinder-to-cone
junction shall’be designed in accordance with Part 5.

th >t (4.3.63)
ri > 3t (4.3.64)
Tk
R_L > 0.03 (4.3.65)
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a < 60 deg (4.3.66)

Step 4.Determine the net section axial force, F;, and bending moment, M, applied to the conical transition at the lo-
cation of the knuckle. The thrust load due to pressure shall not be included as part of the axial force, F;.

Step 5.Compute the stresses in the cylinder, knuckle, and cone at the junction using the equations in Table 4.3.7. The
allowable stress criterion for a tensile stress is provided in Table 4.3.7. If either the hoop membrane stress, o,,, or axial
membrane stress, o,,, at the junction is compressive, then the condition of local buckling shall be considered. Local
buckling is not a concern if the limits given in eqs. (4.3.67) and (4.3.68) are satisfied. Fj, is evaluated using 4.4.5.1,

but substituting Fy, = 0.4E(Di
(4
are satisfied, the design of the junction is complete.

j. F,q is evaluated using 4.4.12.2(b) with A = 0.15. If the stresses of the acceptance criteria

0om < Fua (4.3.67)

Osm < Fxq (4.3.68)

Step 6.1f the stress acceptance criterion in Step 5 is satisfied, then the design is complete. If the stress acceptance cri-
terion in Step 5 is not satisfied, the knuckle thickness, cylinder thickness, or con€sthickness near the junction may be
increased until the stress acceptance criterion is satisfied. If the cylinder or-conhe thickness is increased, the section
of increased thickness shall extend a length given by eqs. (4.3.69) and (4.3.70),.respectively. Proceed to Step 3 to repeat
the calculation with the new wall thicknesses.

Lrcy = KmyRLYL (4.3.69)
Lyco =Km/Litc (4.3.70)

4.3.12.3 The procedure that shall be used to design the small end of a cylinder-to-cone junction with a flare is de-
scribed below.

Step 1.Compute the required thickness of the cylinder at the small end of the cone-to-cylinder junction using 4.3.3,
and select the nominal thickness, ts.

Step 2.Determine the cone half-apex angle, «; compute the required thickness of the cone at the small end of the cone-
to-cylinder junction using 4.3.4;'and select the nominal thickness, t..

Step 3.Proportion the transition geometry by assuming a value for the flare radius, rf, and flare thickness, t, such that
the following equations are'satisfied. If all of these equations cannot be satisfied, then the cylinder-to-cone junction shall
be designed in accordance with Part 5.

tr>t (4.3.71)
rp> 3tf (4.3.72)
75003 (4.3.73)
Rs
a < 60 deg (4.3.74)

Step 4.Determine the net section axial force, Fs, and bending moment, M, applied to the conical transition at the lo-

cation of the knuckle The thrust load due to pressure shall not be included as part of the axial force, E
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Step 5.Compute the stresses in the cylinder, flare, and cone at the junction using the equations in Table 4.3.8. The al-
lowable stress criterion for a tensile stress is provided in Table 4.3.8. If either the hoop membrane stress, g¢,,, or axial
membrane stress, o,,, at the junction is compressive, then the condition of local buckling shall be considered. Local
buckling is not of concern if the limits given in eqgs. (4.3.67) and (4.3.68) are satisfied, using the procedure provided
in 4.3.12.2, Step 5. If the stresses of the acceptance criteria are satisfied, the design of the junction is complete.

Step 6.1f the stress acceptance criterion in Step 5 is satisfied, then the design is complete. If the stress acceptance cri-
terion in Step 5 is not satisfied, the knuckle thickness, cylinder thickness, or cone thickness near the junction may be
increased until the stress acceptance criterion is satisfied. If the cylinder or cone thickness is increased, the section
of increased thickness shall extend a length given by eqs. (4.3.75) and (4.3.76), respectively. Proceed to Step 3 to repeat
the calculation with the new wall thicknesses.

chy = K/ Rsts (4.3.75)
Lyco = Km (Lt (4.3.76)

4.3.13 NOMENCLATURE

AR = cross-sectional area of the stiffening ring at the junction
B = curve-fit geometric constant
C1 = angle constant used in the torispherical head calculation
C, = angle constant used in the torispherical head calculation
C3 = strength parameter used in the torispherical head calculation
D = inside diameter of a shell or head. For conical shells, the inside;diameter at the point under consideration, mea-
sured perpendicular to the longitudinal axis (see Figure 4.3,1).
d = diameter of a drilled hole that does not completely penetrate a shell
D, = outside diameter of a shell or head
E = weld joint factor (see 4.2.4), the ligament efficiency-(see 4.10.2), or the casting quality factor (see Part 3), as
applicable, for the weld seam being evaluated (i.e4longitudinal or circumferential)
Err = modulus of elasticity at room temperature
Er = modulus of elasticity at maximum design temperature
F = net-section axial force acting at the point'oficonsideration, a positive force produces an axial tensile stress in the
cylinder
Fp, = allowable compressive hoop membtrane stress as given in 4.4
F; = net-section axial force acting onthe'large end cylindrical shell, a positive force produces an axial tensile stress in
the cylinder
F¢ = net-section axial force actifg on the small end cylindrical shell, a positive force produces an axial tensile stress
in the cylinder
F.. = allowable compressivelaxial membrane stress as given in 4.4
G = constant used in the’torispherical head calculation
H = curve-fit geometric constant
h = height of theellipsoidal head measured to the inside surface
Iz = moment of-inertia of the stiffening ring at the junction
Jf = numbér of locations around the flare that shall be evaluated, used in the conical transition stress calculation
wheén'a non-compact flare is present
jr = number of locations around the knuckle that shall be evaluated, used in the conical transition stress calculation
when a non-compact knuckle is present
k = angle constant used in the torispherical and elliptical head calculation
K}, = length factor used in the conical transition calculation when a flare or knuckle is present
K, = cylinder-to-cone junction plasticity correction factor
L = inside crown radius of a torispherical head
Ly y = length used in the conical transition stress calculation when a flare is present
L x = length used in the conical transition stress calculation when a knuckle is present
L. = length of the conical shell measured parallel to the surface of the cone
Ly = length used in the conical transition stress calculation when a flare is present

L = ]pngfh used in the conical transition stress calculation when a flare is present
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Pe[h

Sps

= length used in the conical transition stress calculation when a knuckle is present

length used in the conical transition stress calculation when a knuckle is present
net-section bending moment acting at the point of consideration

= total resultant meridional moment acting on the cone
= cylinder-to-cone junction resultant meridional moment acting on the cone, due to internal pressure
= cylinder-to-cone junction resultant meridional moment acting on the cone, due to an equivalent line load

net-section bending moment acting at the large end cylindrical shell
net-section bending moment acting at the small end cylindrical shell
total resultant meridional moment acting on the cylinder

= normalized curve-fit resultant meridional moment acting on the cylinder
= cylinder-to-cone junction resultant meridional moment acting on the cylinder, due to internal pressure
= cylinder-to-cone junction resultant meridional moment acting on the cylinder, due to an equivalent line load

net-section torsional moment acting on a shell section
ratio of the thickness of the cone to the thickness of the cylinder

= resultant meridional membrane force acting on the cone, due to pressure plus an equivaltent line load
= resultant circumferential membrane force acting on the cone, due to pressure plus an equivalent line load

resultant meridional membrane force acting on the cylinder, due to pressure plus‘an equivalent line load
resultant circumferential membrane force acting on the cylinder, due to pressure/plus an equivalent line load
internal design pressure

maximum allowable internal pressure of a torispherical head

= allowable internal pressure of a torispherical head based on the rupture.of the crown
= allowable internal pressure of a torispherical head based on a buckling failure of the knuckle
= value of internal pressure expected to result in a buckling failure‘ef the knuckle in a torispherical head

equivalent design pressure used in the conical transition stress calculation when a knuckle or flare is present
equivalent design pressure at locations around the knuckle ‘or-flare, used in the conical transition stress calcu-
lation when a knuckle or flare is present

= value of internal pressure expected to produce elastic‘buckling of the knuckle in a torispherical head

value of the internal pressure expected to result in '@ maximum stress equal to the material yield strength in a
torispherical head

total resultant shear force acting on the cylinder

total resultant shear force acting on the cone

normalized curve-fit resultant shear force-acting on the cylinder

cylinder-to-cone junction resultant shear force acting on the cylinder, due to internal pressure
cylinder-to-cone junction resultarit/shear force acting on the cylinder, due to an equivalent line load

inside knuckle radius used in totispherical head calculation

equivalent radius of the coné

= radius to the center of curvature for the flare
= inside flare radius of the'small end of a toriconical transition
= minimum hole radius

radius to the center of curvature for the knuckle

inside knuckle(radius of the large end of a toriconical transition
inside radius of the large end of a conical transition

mean radius of the cylinder

inside\radius of the small end of a conical transition

= radius used in the torispherical head calculation

allowable stress value from Annex 3-A evaluated at the design temperature

allowable stress amplitude

allowable primary plus secondary stress evaluated using 4.1.6.3 at the design temperature

distance measured along the cylinder from the centroid of the stiffening ring centroid to the intersection of the
cylinder and cone

yield strength from Annex 3-D evaluated at the design temperature

minimum required thickness of a shell

nominal thickness of the cone in a conical transition at the large end or small end as applicable

thickness of the cylinder, knuckle, or flue, as applicable, at the junction of a toriconical transition, t; > t and ¢; 2
tc

nominal thickness of the large end cylinder in a conical transition

remaining wall thickness at the location of a partially drilled hole
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trw1 = limit for the remaining wall thickness at the location of a partially drilled hole
ts = nominal thickness of the small end cylinder in a conical transition
v = Poisson’s ratio
X, = equivalent line load acting on the large end cylinder, due to an axial force and bending moment
Xs = equivalent line load acting on the small end cylinder, due to an axial force and bending moment
a = one-half of the apex angle of a conical shell
a, = cone angle in an offset transition
a; = cone angle in an offset transition
B:o = geometric factor for the cone
By = geometric factor for the cylinder
B = angle used in the conical transition calculation when a flare is present
Br2 = angle used in the conical transition calculation when a flare is present
Br = angle used in the conical transition calculation when a knuckle is present
PBr1 = angle used in the conical transition calculation when a knuckle is present
Br2 = angle used in the conical transition calculation when a knuckle is present
B¢n = angle used in the torispherical head calculation
B¢z = angle used in the conical transition calculation when a flare is present
A = compressive stress factor
o1 = principal stress in the 1-direction
0, = principal stress in the 2-direction
o3 = principal stress in the 3-direction
o, = radial stress in a shell
os = axial (longitudinal) stress in a shell
0sp = axial (longitudinal) bending stress in a shell
0sm = axial (longitudinal) membrane stress in a shell
0 = hoop (circumferential) stress in a shell
0gp = hoop (circumferential) bending stress in a shell
Oom = hoop (circumferential) membrane stress in a shell
T = torsional shear stress in a shell
Tpa = average shear stress in a shell at the location of a-paftially drilled hole. location where stress is computed for
shells subject to supplemental loads. A value of zZero defines the location of maximum positive longitudinal
stress from net-section bending moment.
¢ = angle to locate a circumferential section(inya spherical shell
¢°; = angle used in the conical transition caleulation when a non-compact flare is present
x = angle used in the conical transition.calculation when a non-compact knuckle is present
¢s = angle used in the conical transition calculation when a flare is present
q,’)ff = angle used in the conical transition calculation when a non-compact flare is present
¢’ = angle used in the conical transition calculation when a non-compact knuckle is present
¢ = angle used in the conical;transition calculation when a knuckle is present
¢°f = angle used in the conical transition calculation when a non-compact flare is present
r = angle used in the conical transition calculation when a non-compact knuckle is present
¢.n = angle used in the torispherical head calculation
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4.3.14 TABLES

Table 4.3.1
Large End Junction

Cylinder

Cone

Stress Resultant Calculation

M,p = Ptf Mgy, see Table 4.3.3
Msx = Xt My, see Table 4.3.4
Ms = MSP + MSX

Qp = P..Qy, see Table 4.3.3

Mcsp = Msp

MCSX = MSX

Mcs=Mcsp + Mesx

Q. = Q cos [a] + Ngsin[a] [Note (1)]

Ogm * Ogp < Sps

R
Qx = X.Qu, see Table 4.3.4 .= ﬁ
Q=0Qp+Qx 025
0.25 2y
3(1-v) g |30V
:ch = 2.2 co thz
RLtL ctc
PR, N.s = Nycos[a] - @sin[&}/[Note (2)]
Ne=—2+X%, PR,
Nc@ =— 5+ ZBCORC( - MCS.BCO - Qc]
N9=PRL +2ﬁcyRL(_ Msﬁcy+Q) Cos[a]
K,. = 1.0 Kepe = 1.0
Stress Calculation
Os N\ e’
Osm o Osm i
6M; 6M_s
Osh = 3 Osb =
ti Kpe tLZKpc
N N,
%om = Te 0gm = b
L te
6vM 6vMcs
0b = 0pb =
tEKpE tcchpc
Acceptance Criteria
Ogm < 1.58 ogm < 1.58
Osm £ 05p < SPS Osm £ 05p < SPS
Oom < 1.58 Oom < 1.58

Oogm £ 0gp < Sps

NOTES:

cylinder.

(1) The Q and N, values used to deterniine the resultant shear force in the cone, Q., are the same as those defined for the cylinder.
(2) The Q and N values used to detérmine the resultant meridional membrane force in the cone, N, are the same as those defined for the
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Table 4.3.2
Small End Junction
Cylinder Cone
Stress Resultant Calculation
Mgp = PtSZMSN’ see Table 4.3.5 Megp = Mgp
My = XstsMgy, see Table 4.3.6 Mesx = Msx
Mg = Mgp + Mgy Mg = Mcsp + Megx
Qp = PtsQy, see Table 4.3.5 Qc= Qcosl:a:I + Nssin[a] [Note (1)]
Qx = XsQy, see Table 4.3.6 R
Q=0Qp+0Qx ¢ cosa]
0.25 0.25
B. = 3(1 - VZ) B = 3(1—_"2)
9 Rét? €0 REt?
N = % + X Ngs = Nscos[a] - Qsin[a] [Note (2)}
_ _PR
Ng = PRg + ZﬁcyRS( - Msf3,, - Q] Neo = m " ZBCGRC( - MageH QC]
Kpc = 1.0 Kepe=1.0
Stress Calculation
N,
Osm = t_; Osm = t—?
6M; 6Ms
Osh = Osh =
tszKpc tcchpc
N N,
09m = C_G 99m = tLe
S (4
6VM; 6VM g
%9b = 3 Ogp =
tsZKpc tcchpc
Acceptance Criteria
Ogm < 1.58 Ogm < 1.58
Osm T Osp < Sps Osm T Ogp < Sps
Ogm < 1.58 Ogm < 1.58
9%m * dgp < Sps 9%m * ogp < Sps
NOTES:
(1) The Q and N, values used to determine the resultant shear force in the cone, Q., are the same as those defined for the cylinder.
(2) The Q and N values used to determine the resultant meridional membrane force in the cone, N, are the same as those defined for the
cylinder.
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Table 4.3.3
Pressure Applied to Large End Junction
Equation Coefficients, C; n=1 n =125 n=1.5 n =1.75 n=2
Junction Moment Resultant, My [Note (1)]
1 -3.065534 -3.113501 -3.140885 -3.129850 -3.115764
2 3.642747 3.708036 3.720338 3.674582 3.623956
3 0.810048 0.736679 0.623373 0.490738 0.360998
4 -0.221192 -0.239151 -0.241393 -0.224678 +0\209963
5 -0.081824 -0.075734 -0.056744 -0.034581 <0.013613
6 0.035052 0.083171 0.157222 0.240314 0.316184
7 0.025775 0.027432 0.027393 0.025163 0.023508
8 -0.015413 -0.015659 -0.017311 -0.019456 -0.021796
9 0.002102 0.000993 -0.004600 -0.011145 -0.017172
10 -0.005587 -0.013283 -0.025609 -0039144 -0.050859
Junction Shear Force Resultant, Qy [Note (1)]
1 -1.983852 -1.911375 -1.893640 ~1.852083 -1.816642
2 2.410703 2.292069 2.253430 2.184549 2.126469
3 0.626443 0.478030 0.364794 0.251818 0.152468
4 -0.119151 -0.079165 -0.075123 -0.059024 -0.048876
5 -0.115841 -0.074658 -0.047032 -0.024214 -0.007486
6 0.122993 0.219247 0.282565 0.343492 0.390839
7 0.012160 0.007250 0.007505 0.006116 0.005632
8 -0.016987 -0.021607 -0.024667 -0.027144 -0.029118
9 0.010919 -0.003818 -0.012439 -0.018971 -0.023076
10 -0.016653 -0.033814 -0.043500 -0.052435 -0.058417

NOTE:

(1) The equation to determine M,y and Qy is shown below.

Msn, Qn = — exp

Cy+ czln[H} " c31nM + ([ + e[ BT + Coln[ H i B]

&t 1) + Gl B4 ot # |1 8])” + cuo(inf ] B]
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Table 4.3.4
Equivalent Line Load Applied to Large End Junction

Equation Coefficients, C; n=1 n =1.25 n=1.5 n =1.75 n=2
Junction Moment Resultant, M,y [Note (1)]
1 -5.697151 -5.727483 -5.893323 -6.159334 -6.532748
2 0.003838 0.006762 0.012440 0.019888 0.029927
3 0.476317 0.471833 0.466370 0.461308 0.454550
4 -0.213157 -0.213004 -0.211065 -0.207037 -0.20041t
5 2.233703 2.258541 2.335015 2.449057 2.606550
6 0.000032 0.000010 -0.000006 -0.000008 =0:000004
7 0.002506 0.003358 0.004949 0.007005 0.009792
8 -0.001663 -0.002079 -0.003105 -0.004687 -0.007017
9 -0.212965 -0.216613 -0.224714 -0.235979 -0.251220
10 0.000138 -0.000108 -0.000721 -0.001597 -0.002797
11 -0.106203 -0.106269 -0.107142 -0.108733 -0.110901
Junction Shear Force Resultant, Qy [Note (1)]
1 -4.774616 -5.125169 -5.556823 <6.113380 -6.858200
2 0.000461 0.021875 0.049082 0.084130 0.131374
3 -0.002831 -0.055928 -0.127941 -0.225294 -0.361885
4 -0.197117 -0.196848 -0.196204 -0.194732 -0.193588
5 1.982132 2.156708 2.378102 2.668633 3.069269
6 0.000069 -0.000450 -0.0010%7 -0.001821 -0.002760
7 -0.000234 0.000188 0.000821 0.001694 0.002958
8 -0.003536 -0.005341 -0.007738 -0.010934 -0.015089
9 -0.202493 -0.223872 -0.251223 -0.287283 -0.337767
10 -0.000088 -0.002426 -0.005428 -0.009440 -0.015045
11 0.001365 0.012698 0.027686 0.047652 0.075289

NOTE:

Mgy, Qn = — exp

(1) The equation to determine M,y and Qu is shown below

o+ cy{yz} . Csln{a} + (2P + Confa])? + Cyyin] H¥ ]

1+ G H2] + Cyinfa] + Co(WH2])” + Ca(in[a])? +Cyoln] H Jin[a]
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Table 4.3.5
Pressure Applied to Small End Junction
Equation Coefficients, C; n=1 n =125 n=1.5 n =1.75 n=2
Junction Moment Resultant, My [Note (1)]
1 -9.615764 -10.115298 -11.531005 -14.040332 -18.457734
2 1.755095 1.858053 2.170806 2.762452 3.859890
3 3.937841 4.222547 4.872664 5973215 7.923210
4 -0.043572 -0.053476 -0.080011 -0.131830 +0:228146
5 -1.035596 -1.100505 -1.213287 -1.388782 =1.685101
6 -0.008908 -0.033941 -0.121942 -0.288589 -0.612009
7 0.003984 0.004388 0.005287 0.006975 0.010041
8 0.115270 0.121595 0.129218 0.139465 0.154368
9 0.013712 0.015269 0.022097 0.034632 0.059879
10 -0.007031 -0.006067 -0.002848 0003867 0.017109
Junction Shear Force Resultant, Qy [Note (2)]
1 0.028350 0.207327 0.376538 0.532382 0.682418
2 0.000020 0.000007 -0.000008 -0.000023 -0.000040
3 0.001668 0.003856 0.005918 0.007947 0.009881
4 0.002987 0.002885 0.002781 0.002709 0.002632
5 0.001125 -0.000330 -0.001848 -0.002664 -0.003542
6 0.000000 0.000000 0.600000 0.000000 0.000000
7 0.000001 -0.000001 =0.000003 -0.000005 -0.000006
8 -0.000122 -0.000120 -0.000118 -0.000117 -0.000116
9 -0.000181 -0.000139 -0.000106 -0.000090 -0.000079
10 0.000001 0.000001 0.000001 0.000001 0.000001
11 -0.004724 -0.004417 -0.004128 -0.003847 -0.003570

NOTES:

(1) The equation to determine M,y is shown below.

Mgy = exp

(2) The equation to determine Qy is.$hown below.

on= |Gt C3H? + Csa + CHY + €9a® + €1 H?a
1+ GH? + Cpa + CeHAECga® + CroHPa

G+ Czln{HZ} + C3ln{a} + C4(ln[H2:|)2 * C5(1n[a])2 + Cdn[Hﬂln[a] +

C7(ln[H2])3 + Cg[ln[o(]]3 & Cgln[Hz}[ln[a]]z + Clo(ln[sz)zln{a}
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Table 4.3.6
Equivalent Line Load Applied to Small End Junction
Equation Coefficients, C; n=1 n =1.25 n=1.5 n =1.75 n=2
Junction Moment Resultant, M,y [Note (1)]
1 -0.000792 0.000042 0.002412 0.005766 0.009868
2 -0.000627 -0.000327 -0.000033 0.000236 0.000453
3 -0.001222 -0.001188 -0.001079 -0.000951 -0.000860
4 0.142039 0.132463 0.125812 0.121877 0.120814
5 0.010704 0.009735 0.009802 0.010465 0.010928
6 0.000013 0.000006 -0.000002 -0.000009 £0:000015
7 -0.000006 -0.000001 -0.000006 -0.000008 -0.000008
8 0.009674 0.008839 0.007580 0.006261 0.005044
9 0.006254 0.005493 0.003701 0.001619 0.000381
10 -0.000046 0.000011 0.000088 0.000171 0.000230
11 0.202195 0.208304 0.205169 0.19706.1 0.186547
Junction Shear Force Resultant, Qy [Note (2)]
1 -0.460579 -0.444768 -0.428659 -0.412043 -0.396046
2 -0.002381 0.006711 0.013388 0.019509 0.026272
3 -0.400925 -0.376106 -0.353464 -0.331009 -0.309046
4 0.001550 -0.000672 -0.002169 -0.003562 -0.005266
5 -0.140077 -0.129459 -0.121074 -0.113195 -0.105461
6 0.000793 0.001950 0.002212 0.002168 0.002310
7 -0.000219 -0.000023 0.000098 0.000215 0.000374
8 -0.019081 -0.017115 -0015814 -0.014699 -0.013625
9 0.000384 0.000618 0.000739 0.000806 0.000860
10 0.000103 0.000006 0.000038 0.000102 0.000117

NOTES:

on=

(1) The equation to determine M,y is shown below.

Mo )+ CaH + GB + CyH? + CoB? + C1HB
s 1+ CoH + C4B + CgH® + CgB? + CoHB

(2) The equation to determine Qy is shown beldw.

Cy+ Czln[H:| + C311{B} + C4(1n[1.1])2 + c5(1n[3])2 + Cgln[ H JIn[ B+
c7(1n[H])3 + cg[ln[B]f + a,m[n}(m[s])z + clo(ln[nj]zln[z;]
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Table 4.3.7

Stress Calculations — Knuckle — Large End Cylinder

Compact Knuckle: qr, < ZKmHRk[a’_l ) tan[a]

05 0.5
] + itk where K, = 0.7

Stress Calculation

- PEm(RuARLEL + Liy/Titc) + a(PLyjrc - 05R.LE)

%m Km(tLJRLL'L + tcﬂ/thC) + atyrg

- Felak
sm 2ty

£, i 2M;,

2 co0sd | T wL3.cosd &
TCleCOS [2} TI:leCDS [ZJ
Ry
cos[ |

F,=P+

Ly = + 1

0.5
Lk = Rk(ofl ~tan[a:|) +rg

Acceptance Criteria
Ogm < S
Ogm £ S

Non-Compact Knuckle: gr; > Zl(m[{Rk(a_l . tan[a]

05 0.5
] + etk where Ky =\0.7

Stress Calculation at TL-1
 PRUKmyRit, + B(PLugrk — 0.5RLE)

oy =
om Km(tL\/RLtL + tk\/letk)

Fel1k
Ogm = ==X
'sm 2t
Pe P4 F, ZML

+
nlekcosz{I%k} nL13kcos3|:ﬁ—2k}
0.5
Lk = Rk(ﬁk 1. tan[ﬁd) + I

[

Stress/Calculation at TL-2
PLikyTitc + (o - B)(PLukrk — 0.5RLE)

Ofm'7
Km(tcx/ Lytc + th/letk]
Pel1k
O, =
sm 2t

* nlekcosz[d)k} - nLl:)’kCDSE'I:(Pk}
- B
L= coga] Tk
05
b=t -l 5y o

e

_(«+8)
Kk~ 2

(23)
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Table 4.3.7
Stress Calculations — Knuckle — Large End Cylinder (Cont'd)

Stress Calculation in the Non-Compact Knuckle Region
Note: The number of locations around the knuckle that shall be evaluated is given by the following equation:

Jk=2 int[ia_ﬁkl_ﬁkz}+ 1/+1
Bier + Prz
where
Km
= Km R
Br1 e Ltk

K
Bz = r_:'\/thk

Ry

Lpy=—7F=+

k= coda] TR

For j=1,., ji, compute

o2

i piL

jo_ PLi Pe(le)
0'0 =1k _ _r )
m

7% 2ryty

. i)

ol = Pl

sm —Ztk

where

Pl=pr— L 4 M
n{Lljk) cosz[¢,ﬂ n(Lljk) cos3[¢,ﬂ

Lj + 1y

1k cos[d)kj:|
o=+ [J - 1][—‘1’;14{"]
bk = Ba

b =@~ By

Acceptance Criteria
Ogm < S
O < S

]

agmss

o <S

226


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.2 (ASME BPVC Section 8 Division 2) 2023.pdf

ASME BPVC.VIIL.2-2023 4.3.14

Table 4.3.8
Stress Calculations — Flare — Small End Cylinder

0.5
0.5
Compact Flare: arf< sz[{Rf(a‘l »tan[a]) - rf}tf] where K, = 0.7

Stress Calculation

PKm(RS Rils + Lf\/L/TC) ta (PLlfrf— O.SPElef)

0m =
Kim(tsRets + tc [Tt + at
_ Blyy
sm th
F, 2M,
P,=P+ S + )

nle osz[%} N nL13 053[%}
Le= & T
f= coda]

Lif= Rf{afl . tan[a]]o.s -rf

Acceptance Criteria
Ogm < S
Ogm S S

0.5
0.5
Non-Compact Flare: g > 2Km[{R/(a71 ~tan[a]] - rf}tf] where K, =07

Stress Calculation at TL-3 Stress’Calculation at TL-4
Pl [T + (a- ﬁf](PLljff+ o.spelef) PR RE + ﬁ/(PLlfrf+ O.SPelef)
om = Km(tc\/l,/t_(; + tfm] 7om = Km(tsm + 1, Llftf)
_ PeLlf _ PeLlf
'sm = W Osm = W
R=pP+—ts 4 2 J Y P S

nle osz[(pf] - nL13 osSI:qu]

Le= mfﬁ -f
Lyf= R/Htan[a] - tan[ﬁf}}{a - Bf}l]o.s —rf
e (o

f

[« *2 5

¢p=
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Table 4.3.8
Stress Calculations — Flare — Small End Cylinder (Cont'd)

Stress Calculation in the Non-Compact Flare Region
a-PBr - B
Note: The number of locations around the flare that shall be evaluated is given by the following equation:jf: Z[im{#} + 1} +1
17 Ff2

where

Kn
Fr=2 My

K,
Fra =~ Rty
Ry
Ly= coga] i
For j=1,..., js compute
i plui)
o, PB(Llf)
m oy gy

¢}Sf =a- ﬁfl
¢ke:ﬁfz

Acceptance Criteria
Ogm < S
Ogm < S

J

Ogm < S

asjm <Ss
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4.3.15 FIGURES

Figure 4.3.1
Conical Shell

Conical

Figure 4.3.2
Offset Transition Detail

\
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Figure 4.3.3
Torispherical Head of Uniform Thickness

Figure 4.3.4
Torispherical Head of Different Thickness of Dome -and Knuckle

Figure 4.3.5
Ellipsoidal Head
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Figure 4.3.6

Local Thin Band in a Cylindrical Shell
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(a) Stresses Within a
Cylindrical Shell

(b) Stresses Within a
Spherical Shell

Figure 4.3.7
Shells Subjected to Supplemental Loadings
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(c) Stresses Within a
Conical Shell
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Figure 4.3.8
Conical Transition Details

Rs
(a) Cone Without a Knuckle at Large End (b) Cone With.a Knuckle at Large End
Without a Flare at the Small End Without.a’Flare at the Small End

(c) Cone Without a Knuckle at Large End (d) Cone With a Knuckle at Large End
With a Flare‘at'the Small End With a Flare at the Small End
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Figure 4.3.9
Reinforcement Requirements for Conical Transition Junction

e ¢ ¢

(a) Large End of Cone (b) Small End of Cone

T\

(c) Large End of Cone With Knuckle (d) Small End of Cone With Flare
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Figure 4.3.10
Parameters for Knuckle and Flare Design
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/
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4.4 DESIGN OF SHELLS UNDER EXTERNAL PRESSURE AND ALLOWABLE COMPRESSIVE
STRESSES

4.41 SCOPE

4.4.1.1 4.4providesrules for determining the required wall thickness of cylindrical, conical, spherical, torispherical,
and ellipsdidal shells and heads subject to external pressure. In this context, external pressure is defined as pressure
acting on,the convex side of the shell.

4.4,1.2 The effects of supplemental loads are not included in the design equations for shells and heads included in
4'4.5 through 4.4.9. The effects of supplemental loads that result in combined loadings shall be evaluated in a separate
analysis performed in accordance with the methods in 4.4.12.

4.4.1.3 Rules are also provided for the design of cylindrical-to-conical shell transition junctions in 4.4.13 and 4.4.14.
To facilitate the use of these rules, it is recommended that the shell wall thickness and stiffener configuration, as appli-
cable, first be designed using the rules in 4.4.5 through 4.4.9. After an initial design is determined, this design should
then be checked and modified as required using the rules of 4.4.13 and 4.4.14.

4.4.1.4 The equations in this paragraph are applicable for D, /t <2 000.If D,/t > 2 000, then the design shall be in
accordance with Part 5. In developing the equations in the paragraph, the shell section is assumed to be axisymmetric

with uniform thickness for unstiffened cvlinders and formed heads.Stiffened r‘ylihdnrc and cones are also assumed to be
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of uniform thickness between stiffeners. Where nozzles with reinforcing plates or locally thickened shell sections exist,
the thinnest uniform thickness in the applicable unstiffened or stiffened shell section shall be used for the calculation of
the allowable compressive stress.

4.4.1.5 Special consideration shall be given to ends of components (shell sections) or areas of load application
where stress distribution may be in the inelastic range and localized stresses may exceed those predicted by linear
theory.

4.4.1.6 When the localized stresses extend over a distance equal to one-half the length of the buckling mode (ap-
proximately 1.2,/D,t), the localized stresses shall be considered as a uniform stress for the design of the shell section.

4.4.1.7 The buckling strength formulations presented in this paragraph are based upon linear structural stability
theory which is modified by reduction factors which account for the effects of imperfections, boundary conditiéns, non-
linearity of material properties and residual stresses. The reduction factors are determined from approximate lower
bound values of test data of shells with initial imperfections representative of the tolerance limits _speecified in this
paragraph.

4.4.2 DESIGN FACTORS

The allowable stresses are determined by applying a design factor, FS, to the predicted\buckling stresses. The re-
quired values of FS are 2.0 when the buckling stress is elastic and 1.667 when the predicted buckling stress equals
the minimum specified yield strength at the design temperature. A linear variation shall*be used between these limits.
The equations for FS are given below where F;. is the predicted inelastic buckling stress that is determined in 4.4.3. For
combinations of design loads and earthquake loading or wind loading (see 4.1.5.3),-the allowable stress for Fj,;, or Fj,
in eqs. (4.4.85), (4.4.86), (4.4.87), (4.4.90), (4.4.91), and (4.4.92) may be increased by a factor of 1.2.

FS =20 for F <0555, (4.4.1)

FS = 2.407 — 0.741[%] for 0.85S, < Fic < S, (4.4.2)
y

FS = 1,667 for =S, (4.4.3)

4.4.3 MATERIAL PROPERTIES

4.4.3.1 The equations for the allowablescompressive stress are based on the materials as given in Part 3 and are
limited to the time-independent region,.The maximum temperature limit permitted for these materials is defined in
Table 4.4.1. If the component as designed is in the time-dependent region (i.e., creep is significant), the effects of time-
dependent behavior shall be consideréd.

4.4.3.2 The equations for thé‘allowable compressive stress consider both the predicted elastic buckling stress and
predicted inelastic buckling stréess. The predicted elastic buckling stress, F., Fx., and F,., is determined based on the
geometry of the component.and the loading under consideration as provided in subsequent applicable paragraphs. The
predicted inelastic buckling stress, F;. , is determined using the following procedure:

Step 1.Calculate the'predicted elastic buckling stress due to external pressure, F,; axial compression, F,,; and shear,
F,., as applicable.

Step 2. Calculate the elastic buckling ratio factor, 4., for the applicable loading condition.

Fhe Fre Foe
A, = —he, “xe “ve 4.4.4
e~ ' F'E (4.4.4)
Step 3.Solve for the predicted inelastic buckling stress, F;., through the determination of the material’s tangent mod-
ulifs, E,, based on the stress-strain curve model at the design temperature per Annex 3-D, 3-D.5.1. The value of F;. is
solved for using an iterative procedure such that the following relationship is satisfied:
Fic
Jic — 4
g, e (4.4.5)
When using the procedure of Annex 3-D, 3-D.5.1, the value of F;. is substituted for o,.

An pvnmpln of an iterative solution to determine E.is shown in Table 442
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4.4.4 SHELL TOLERANCES

4.4.4.1 Permissible Out-of-Roundness of Cylindrical and Conical Shells. The shell of a completed vessel subject to
external pressure shall meet the following requirements at any cross section.

(a) The out-of-roundness requirements in 4.3.2.1 shall be satisfied.

(b) The maximum plus or minus deviation from a true circle, e, measured from a segmental circular template having
the design inside or outside radius (depending on where the measurements are taken) and a chord length, L., should
not exceed the following value:

e= min[ec, Zt] (4.4.6)
where
L 1.069
e = 0.01651{ N + 3.25) valid for 0.1t < e, < 0.0282R, (4.4.7)
Ryt
Lec = 2Ry, sin[%} (4.4.8)
T (r T =
n=¢ Fm (Bn) " Valid for 2 <n <141 /Fu (4.4.9)
t L t
R 0.054
& = min| 2.28 [Tm) , 2:80 (4.4.10)
0044
¥ = min 0.38(7'"] , 0.485 (4.4.11)

(c) The value of thickness, t, used in the above equations shall be determined as follows:
(1) For vessels with butt joints, t is the nominal plate thickness less the corrosion allowance.
(2) For vessels with lap joints, t is the nominal plate thickness and the permissible deviation is e + t.
(3) Where the shell at any cross sectiomisunade from plates of different thicknesses t is the nominal plate thickness
of the thinnest plate less the corrosion allowance.
(d) For cones and conical sections, ¢ shall be determined using (c) except that t shall be replaced by ¢..
(e) Measurements for out-of-tolerances shall be taken on the surface of the base metal and not on welds or other
raised parts of the component.
(f) The dimensions of a conipleted vessel may be brought within the requirements of this paragraph by any process
that will not impair the strength of the material.
(g) Sharp bends and flats spots shall not be permitted unless provision is made for them in the design or they satisfy
the tolerances in 4.4.4.2 and 4.4.4.4.
(h) Vessels fabricated of pipe may have permissible variations in the outside diameter in accordance with those per-
mitted under the Specification covering its manufacture.

4.4.4.2 "\ Cylindrical and Conical Shells Subject to Uniform Axial Compression and Axial Compression Due to a
Bending"Moment. The tolerance requirements in 4.3.2.1 shall be satisfied. In addition, the local inward deviation from
a straight line, e, measured along a meridian over gauge length, L, shall not exceed the maximum permissible deviation,
e, given below:

ey = 0.002R, (4.4.12)
and,
Ly= min[4~/Rmt, L} for cylindrical shells (4.4.13)
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—

Ly = min{4\/%,%} for conical shells (4.4.14)
cos| a cos| a

Ly = 25t across circumferential welds (4.4.15)

4.4.4.3 Cylindrical and Conical Shells Subject to External Pressure and Uniform Axial Compression and Axial
Compression Due to a Bending Moment. All of the tolerance requirements in 4.4.4.1 and 4.4.4.2 shall be satisfied.

4.4.4.4 Spherical Shells and Formed Heads. The tolerance requirements in 4.3.2.2 shall be satisfied. In addjtion,
the maximum local deviation from true circular form, e, for spherical shells and any spherical portion of a formedyhead
shall not exceed the shell thickness. Measurements to determine the maximum local deviation shall be made with'a tem-
plate with a chord length, L., given by the following equation.

Les = 3.72 /Rt (4.4.16)
For spherical shells, the out-of-roundness requirements in 4.3.2.1 shall also be satisfied.

4.4.4.5 Shells that do not meet the tolerance requirements of this paragraph may be evaluated using 4.14.

4.4.5 CYLINDRICAL SHELL

4.45.1 Required Thickness. The required thickness of a cylindrical shell subjected to external pressure loading
shall be determined using the following procedure.

Step 1.Assume an initial thickness, ¢, and unsupported length, L (see Eigures 4.4.1 and 4.4.2).
Step 2.Calculate the predicted elastic buckling stress, Fje.

1.6C,E t
Fpo = —1 (4.4.17)
DO
M, L
ly = Tot (4.4.18)
¢ D 0.94
& 0.55[—] for M, > 2(—0) (4.4.19)
Dy t
0.94
Gy = 1.12M, 1958 for 13 < M, < 2(%) (4.4.20)
0.92
Cy=—"—— for 1.5 M, <13
h= "M, 0579 O < (4-4.21)
Cy=1.0 for My <15 (4.4.22)
Step 3.Calculate the predicted inelastic buckling stress, F;., per 4.4.3.
Step 4. Calculate the value of design factor, FS, per 4.4.2.
Step 5.€alculate the allowable external pressure, P,.
B, = 2Fha(i] (4.4.23)
DO
where
F.
Fpg =& 4.4.24
ha FS ( )
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Step 6.1f the allowable external pressure, P, is less than the design external pressure, increase the shell thickness or
reduce the unsupported length of the shell (i.e., by the addition of a stiffening rings) and go to Step 2. Repeat this process
until the allowable external pressure is equal to or greater than the design external pressure.

4.4,5.2 Stiffening Ring Size. The following equations shall be used to determine the size of a stiffening ring.

(a) Stiffening Ring Configuration. A combination of large and small stiffening rings may be used along the length of a
shell. If a single size stiffener is used, then it shall be sized as a small stiffener. Alternatively, a combination of large and
small stiffeners can be used to reduce the size of the intermittent small stiffening rings. The large stiffening rings may-be
sized to function as end stiffeners or bulkheads with small stiffeners spaced as required between end rings based-on‘the
shell thickness selected and loading combinations considered in the design.

(b) Small Stiffening Ring. The required moment of inertia of the effective stiffening ring (i.e., actual stiffering ring plus
the effective length of shell, see Figure 4.4.3) shall satisfy eq. (4.4.25). The parameter F}. shall be evaluated using the

equations in 4.4.5.1 with M, = Lg/\/R,t.

s 1.5F LRt

s = 2 (4.4.25)
Ey(n"-1)
where
n= | 2D¢}'5 where n is an integer; for n™< 2 use n = 2, (4.4.26)
\/3L3t0'5 and for n > 10Q'use n =10 o

The actual moment of inertia of the composite section comprised of the small stiffening ring and effective length of the
shell about the centroidal axis shall be calculated using eq.%4.4.27):

3
c_ 2(  Let Let 4.4.27
15_15+ASZS(AS+LEJ+ < (44.27)
where
Le=1.1,/D,t (4.4.28)

(c) Large Stiffening Ring or Bulkhead. The required moment of inertia of the effective stiffening ring (i.e., actual stiffen-
ing ring plus the effective length of shell) shall satisfy eq. (4.4.29). The parameter F}, . is the average value of the hoop

buckling stress,.Eyz, over length L evaluated using the equations in 4.4.5.1 with M, = Lg/\/R,t.

2
F R-t
If> FreflrRet (4.4.29)

2E,

The actual moment of inertia of the composite section comprised of the large stiffening ring and effective length of the
shell about the centroidal axis shall be calculated using eq. (4.4.30):

3
C 2 Lot Lot
Ir =1, + A Z € + =€ 4.4.30
=0 +4; L(A“Let] 2 ( )

where
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L= 1.14/D0t[AS * Lstj (4.431)

A + Lgt

(d) Local Stiffener Geometry Requirements for all Loading Conditions. The following equations shall be met to assure
the stability of a stiffening ring.

(1) Flat bar stiffener, flange of a tee section and the outstanding leg of an angle stiffener (see Figure 4.4.3)

0.5
M < o375 2 (44.32)
4] Sy

(2) Web of a tee stiffener or leg of an angle stiffener attached to the shell (see Figure 4.4.3).

0.5
h (& (4.4.33)
%] Sy

(e) Stiffener Size to Increase Allowable Longitudinal Compressive Stress. Ring stiffeners canbe-used to increase the al-
lowable longitudinal compressive stress for cylindrical or conical shells subject to uniformiaxial compression and axial
compression due to bending. The required size of the stiffener shall satisfy the following.equations. In addition, the spa-
cing of the stiffeners must result in a value of M; < 15 where M is given by eq. (4.4:37).

4> 232 0063 |14t (4.4.34)
Mg"
Ag = 0.06Lt (4.4.35)
€ . 5.33LtS
1€ 223 (4.4.36)
=
Wy = s
5= s (4.4.37)

(f) Stiffener Size For Shear. The required size of the stiffener shall satisfy the following equation where C, is evaluated
using eqs. (4.4.62) through (4.4.65) with M,)= M, M, is given by eq. (4.4.37).

1¢ > 0.184C,M283 1L (4.4.38)

(g) Arrangement of Stiffening Rings

(1) As shown in Figure 4.4:4, any joints between the ends or sections of such rings, at locations (A) and (B), and any
connection between adjacent/portions of a stiffening ring lying inside or outside the shell, at location (C), shall be made
so that the required moment of inertia of the combined ring-shell section is maintained. For a section with a strut at
location (D), the required moment of inertia shall be supplied by the strut alone.

(2) As shown inFigure 4.4.4, stiffening rings placed on the inside of a vessel may be arranged as shown at locations
(E) and (F), provided that the required moment of inertia of the ring at location (E) or of the combined ring-shell section
at location (F) is maintained within the sections indicated. Where the gap at locations (A) or (E) does not exceed eight
times the thickness of the shell plate, the combined moment of inertia of the shell and stiffener may be used.

(8) Stiffening rings shall extend completely around the vessel except as provided below. Any gap in that portion of a
stiffening ring supporting the shell, as shown in Figure 4.4.4 at locations (D) and (E), shall not exceed the length of arc
givén in Figure 4.4.5 unless additional reinforcement is provided as shown at location (C), or unless all of the following
conditions are met:

(-a) only one unsupported shell arc is permitted per ring

(-b) the length of unsupported shell arc does not exceed 90 deg

(-c) the unsupported shell arcs in adjacent stiffening rings are staggered 180 deg

(-d) the dimension L is taken as the larger of the distance between alternate stiffening rings or the distance from

the head-bend line to the secand cfiffnning ring plnc one-third of the head dnprh
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(4) When internal plane structures perpendicular to the longitudinal axis of the cylinder, such as bubble trays or
baffle plates, are used in a vessel, they may also be considered to act as stiffening rings, provided they are designed
to function as such.

(5) Any internal stays or supports used shall bear against the shell of the vessel through the medium of a substan-
tially continuous ring.

(h) Attachment of Stiffening Rings. Stiffening rings shall be attached to either the outside or the inside of the vessel by
continuous welding, or if the component is not in cyclic service (i.e., a fatigue analysis is not required in accordance with
4.1.1.4) intermittent welding. Where gaps occur in the stiffening ring, the attachment weld shall conform to the details in
4.2.

4.4.5.3 Combined Loadings. Cylindrical shells subject to external pressure and other loadings shall satisfy the re-
quirements of 4.4.12.

4.4.6 CONICAL SHELL

4.4.6.1 Required Thickness. The required thickness of a conical shell subjected to external pressure loading shall be
determined using the equations for a cylinder by making the following substitutions:
(a) The value of t. is substituted for t in the equations in 4.4.5.
(b) For offset cones, the cone angle, @, shall satisfy the requirements of 4.3.4.
(c) The value of 0.5(D;, + Ds)/cos[a] is substituted for D, in the equations in 4.4.5:
(d) The value of L., /cos[a] is substituted for L in the equations in 4.4.5 wheré& L, is determined as shown below.
(1) For sketches (a) and (e) in Figure 4.4.7

Leo = Le (4.4.39)

(2) For sketch (b) in Figure 4.4.7
Lee = rysinfa)#d, (4.4.40)

(3) For sketch (c) in Figure 4.4.7
Lee=Tpsin[a ] + L¢ (4.4.41)

(4) For sketch (d) in Figure 4.4.7
Leg = (ryc + ryJsin[a] + L, (4.4.42)

(e) Note that the half-apex angle of a conical transition can be computed knowing the shell geometry with the follow-
ing equations. These equations were.developed with the assumption that the conical transition contains a cone section,
knuckle, or flare. If the transition do€s not contain a knuckle or flare, the radii of these components should be set to zero
when computing the half-apex angle (see Figure 4.4.7).

(DI (R, - 1) = (Rs 463"

=B+ (4.4.43)
R - - (R
B = arctan{w} (4.4.44)
Lce
(2)IE Ry, = ri) < (Rs +ry):
a=¢-p (4.4.45)
R - (R, -
B= arctan{w} (4.4.46)
LCE
(3) In both cases shown above, the angle ¢ is given by the following equation.
¢ = arcsinm (4.4.47)

ce
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4.4.6.2 Small Stiffening Rings. Intermediate circumferential stiffening rings within the conical transition shall be
sized using eq. (4.4.25) where L; is determined from 4.4.6.1(d), and t. is the cone thickness at the ring location.

4.4.6.3 Combined Loadings. Conical shells subject to external pressure and other loadings shall satisfy the require-
ments of 4.4.12.

4.4.7 SPHERICAL SHELL AND HEMISPHERICAL HEAD

4.4.7.1 Required Thickness. The required thickness of a spherical shell or hemispherical head subjected to external
pressure loading shall be determined using the following procedure.

Step 1.Assume an initial thickness, t for the spherical shell.

Step 2.Calculate the predicted elastic buckling stress, Fj..

Fhe = 0.075Ey(Rij (4.4.48)
()

Step 3.Calculate the predicted inelastic buckling stress, F;., per 4.4.3.
Step 4. Calculate the value of design margin, FS, per 4.4.2.
Step 5.Calculate the allowable external pressure, P,

P, = 2Fha[iJ (4.4.49)
RD
where
Fic
= fie 44,
Fia - i (44.50)

Step 6.1f the allowable external pressure, P, is less than the design external pressure, increase the shell thickness and
go to Step 2. Repeat this process until the allowable externalpressure is equal to or greater than the design external
pressure.

4.4.7.2 Combined Loadings. Spherical shells and hemispherical heads subject to external pressure and other load-
ings shall satisfy the requirements of 4.4.12.
4.4.8 TORISPHERICAL HEAD

4.4.8.1 Required Thickness. The required thickness of a torispherical head subjected to external pressure loading
shall be determined using the equations‘for a spherical shell in 4.4.7 by substituting the outside crown radius for R,.

4.4.8.2 Restrictions on Torispherical Head Geometry. The restriction of 4.3.6 shall apply.

4.4.8.3 Torispherical HeadsWith Different Dome and Knuckle Thicknesses. Heads with this configuration shall be
designed in accordance with Part 5.

4.4.8.4 Combined Loadings. Torispherical heads subject to external pressure and other loadings shall satisfy the
requirements of 4.4.12.
4.4.9 ELLIPSOIDAL HEAD

4.4.9.1 ,Required Thickness. The required thickness of an elliptical head subjected to external pressure loading shall
be determined using the equations for a spherical shell in 4.4.7 by substituting K, D, for R, where K, is given by the
following.equation:

2 3
K, = 0.25346 + 0.13995(21770] + 0.12238(%) - 0.015297(21)70] (4.4.51)

o (o o

4.4.9.2 Combined Loadings. Ellipsoidal heads subject to external pressure and other loadings shall satisfy the re-
quirements of 4.4.12.

4.4.10 LOCAL THIN AREAS

Rules for the evaluation of Local Thin Areas are caovered in 4 14
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4.4.11 DRILLED HOLES NOT PENETRATING THROUGH THE VESSEL WALL

Design requirements for partially drilled holes that do not penetrate completely through the vessel wall are covered in
4.3.9.

4.4.12 COMBINED LOADINGS AND ALLOWABLE COMPRESSIVE STRESSES

4.4.12.1 The rules in 4.4.2 through 4.4.11 are applicable for external pressure loading. The rules in this paragraph
provide allowable compressive stresses that shall be used for the design of shells subjected to supplemental loads that
result in combined loadings.

4.4.12.2 Cylindrical Shells. The allowable compressive stresses for cylindrical shells shall be computed-dising the
following rules that are based on loading conditions. The loading conditions are underlined for clarity in the-following
paragraphs. Common parameters used in each of the loading conditions are given in (k).

(a) External Pressure Acting Alone. The allowable hoop compressive membrane stress of a cylinder‘stbject to external
pressure acting alone, Fj,, is computed using the equations in 4.4.5.1.

(b) Axial Compressive Stress Acting Alone. The allowable axial compressive membrane stress.of a‘cylinder subject to an
axial compressive load acting alone, F,,, is computed using the following equations.

(1) For A, < 0.15 (Local Buckling):
Step 1.Calculate the predicted elastic buckling stress, F..

CyEt
Fpp = =L (4.4.52)
DO
G = min| —2C__ 0.9 | for 22 k1247 (4.4.53)
[389 + —0] ¢
t
€, = 0.25¢ for1247 < 22 < 2000 (4.4.54)
t
£%264 for My <15 (4.4.55)
) 3.13
t= W for 1.5 < M, <15 (4.4.56)
X
£=10 for M, >15 (4.4.57)
Step 2.Calculate the predicted inelastic buckling stress, F;., per 4.4.3.
Step 3.Calculate the factoryof safety, F'S, per 4.4.2.
Step 4.Calculate the allowable axial compressive stress, F,, as follows:
Fya = Fic/FS (4.4.58)
(2) For A>0:15 and KL, /rg; < 200 (Column Buckling):
Foq = Fef 1-0.74(A - 0.15)]0'3 for 0.15 <A, < 1.2 (4.4.59)
Foq = —0'8185“ for A, > 1.2 (4.4.60)

c

(c) Compressive Bending Stress. The allowable axial compressive membrane stress of a cylindrical shell subject to a
bending moment acting across the full circular cross section Fj,, shall be determined using the procedure in (b).

(d) Shear Stress. The allowable shear stress of a cylindrical shell, F,,, is computed using the following equations.

Step 1.Calculate the predicted elastic buckling stress, F,.

Fyo = aVCVEy[Di] (4.4.61)
o

(23)
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6-/+Q

4.4.62
C, = 4.454 for M, < 1.5 ( )
9.64 3 0.5
6=\ (1 + 0.0239MX) for 1.5 < M, < 26 (4.4.63)
c, = % for 26 < My < 4.347(%) (4.4.64)
X
t 05 D,
C,= 0.716(—] for M, > 4.347[—”) (4.4.65)
Dy t
DD
@, =08 for ~° <500 (4.4.66)
DD DO
a, = 1.389 ~ 0.218log o[ 2| for =2 > 500 (4.4.67)
Step 2.Calculate the predicted inelastic buckling stress, F;., per 4.4.3.
Step 3.Calculate the factor of safety, F'S, per 4.4.2.
Step 4. Calculate the allowable axial compressive stress, F,,, as follows?
Fyq = Fic/FS (4.4.68)

(e) Axial Compressive Stress and Hoop Compression. The allowable compressive stress for the combination of uniform
axial compression and hoop compression, F,;,, is computedusing the following equations:

(1) For A, £0.15, F,j, is computed using the followingrequation with Fj, and F,, evaluated using the equations in

(a) and (b)(1), respectively.
—-0.5
1 C1 1
Fop =W L (4.4.69)
xha HF)%Q] (CzanFha] ! [szthaﬂ

_ Fyq FS+Fuq FS

G S 1.0 (4.4.70)
Y
Gy = fx (4.4.71)
T
fx=Jq +fq for fy < Fxha (4.4.72)

The parameters f, and f, are defined in (k).

Thelvalues of FS are given in 4.4.2. The values of FS are to be determined independently for axial and hoop
directions.

{2) For 0.15 < A, < 1.2, F,p, is computed from the following equation with F,,1 = Fyp, evaluated using the equa-
tions in (1) and F,j, using the following procedure. The value of F., used in the calculation of F,; is evaluated using
the equations in (b)(2) with Fy, = Fxnq as determined in (1). As noted, the load on the end of a cylinder due to external
pressure does not contribute to column buckling and therefore F, 4 is compared with f, rather than f,. The stress due
to the pressure load does, however, lower the effective yield stress and the quantity in (1 - f,/S,) accounts for this
reduction.

Fyhg = min[Fap1, Fapa] (4.4.73)
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f;
Fahz = Fca[l - S—"] (4.4.74)
Yy

(3) For A, < 0.15, the allowable hoop compressive membrane stress, Fj,,, is given by the following equation:

I3
Fixa = =2 (4.4.75)

(4) For A, = 1.2, the rules in (e) do not apply.
(f) Compressive Bending Stress and Hoop Compression. The allowable compressive stress for the combinatign, of axial
compression due to a bending moment and hoop compression, Fj;,, is computed using the following equdtions.
(1) An iterative solution procedure is utilized to solve these equations for C3 with F, and F,, evaluatéd using the
equations in (a) and (c), respectively.

Fpha = (3C4Fpq (4.4.76)
=2 [ﬁj (4.4.77)
fh Fpq
cg?(cf + 0.664] +c3"-1=0 (4.4.78)
4Fy,, - FS
n=5-—t— (4.4.79)
Y

(2) The allowable hoop compressive membrane stress, F,z,5is given by the following equation:

Fhpa= tha(gj (4.4.80)

(g) Shear Stress and Hoop Compression. The allowable compressive stress for the combination of shear, F,,, and hoop
compression is computed using the following equations.
(1) The allowable shear stress is given by the following equation with Fj, and F,, evaluated using the equations in
(a) and (d), respectively.

2V F2
Fypg = va L 2 _ _"Tva (4.4.81)
vha 2C5Fpq va 2C5Fpq
Gs - % (4.4.82)
n

(2) The allowable hoop compressive membrane stress, F,,, is given by the following equation:

E
Fyya = E—"S“ (4.4.83)
(h) Axial Compressive Stress, Compressive Bending Stress, Shear Stress, and Hoop Compression. The allowable compres-
sive,stress for the combination of uniform axial compression, axial compression due to a bending moment, and shear in
the presence of hoop compression is computed using the following interaction equations.
(1) The shear coefficient is determined using the following equation with F,, from (d).

2
Ky=1.0 - [i] (4.4.84)

va

(2) For A, < 0.15, the acceptability of a member subject to compressive axial and bending stresses, f, and f}, respec-
tively, is determined using the following interaction equation with F,,, and Fj;, evaluated using the equations in

(p)(1) and (F)(1 )' rncpm‘fi‘m]y
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1.7
( fa ) +[ f jgllo (4.4.85)

KsFyng KsFphq

(3) For 0.15 < A, < 1.2, the acceptability of a member subject to compressive axial and bending stresses, f, and f,
respectively, is determined using the following interaction equation with F,,, and f},,, evaluated using the equations in
(e)(2) and (f)(1), respectively.

A
[ Ja j + (g i j <1.0 for —Ja_ 502 (4.4.86)
KsFyeha 9 KsFpha sxha
A
( Ja j+ [i] < 1.0 for Ja <02 (4.4.87)
2KsFyna KsFpha stxha
A= _tn
1 [fa~FS] (4.4.88)
Fe
E n'zEy
e~ 2
[KuLu] (4.4.89)
]

(i) Axial Compressive Stress, Compressive Bending Stress, and Shear. The allowable compressive stress for the combi-
nation of uniform axial compression, axial compression due to a bending mioment, and shear in the absence of hoop com-
pression is computed using the following interaction equations:

(1) The shear coefficient is determined using the equation in (h)(1) with F,, from (d).

(2) For A, < 0.15, the acceptability of a member subject to cofmpressive axial and bending stresses f,, and f},, respec-
tively, is determined using the following interaction equationwith, F,, and F;, evaluated using the equations in (b)(1)
and (c), respectively.

1.7
[Lj . (LJ <10 (4.4.90)
KsFa KsFpq

(3) For 0.15 < A, < 1.2, the acceptability .of'a member subject to compressive axial and bending stresses, f, and f,
respectively, is determined using the following'interaction equation with, F., and F,, evaluated using the equations in
(b)(2) and (c) respectively. The coefficient'A is evaluated using the equations in (h)(3).

A
( Ja ]+ (9 /b js 1.0 for 2o > 02 (4.4.91)
KsFeq 9 KsFpq stca
A
( Jo ]+(i] <10 for 2 <02 (4.4.92)
2KFeq KsFpq KsFeq

(j) The maximum_deviation, e may exceed the value of e, given in 4.4.4.2 if the maximum axial stress is less than F,,
for shells designed for axial compression only, or less than F,, for shells designed for combinations of axial compres-
sion and external pressure. The change in buckling stress, F’ ., is given by eq. (4.4.93). The reduced allowable buckling
stress, F ¢, (yeduced), is determined using eq. (4.4.94) where e is the new maximum deviation, F,, is determined using
eq. (44.58), and FS,, is the value of the stress reduction factor used to determine F,,.

E t
j(%) (4.4.93)

(4.4.94)

0.0005e
€x

Fje = [0.944 - ‘ 0.286log[

an'FSxa_F)ée

F xa(reduced) = FS
xa

The quantity 0.286log[0.0005(e /e)] in eq. (4.4.93) is an absolute number (i.e., the log of a very small number is neg-

ative). For example. ife = ¢ then the change in the buckling stress computed using eq. (4.4.93) is F'. = 0 086E.(t/R)
7 P ya s X7 =] 1=} T ST C 7 xXe S AT
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4.4.12.2 - 44.12.4

(k) Section Properties, Stresses, Buckling Parameters. Equations for section properties, nominal shell stresses, and

buckling parameters that are used in (a) through (i) are provided below.

2 2
Dy — Dy
A= “[“7’] (4.4.95)
4
4_p4
_ (3 - o/ (4.4.96)
32D,
PD,
=% 4.4.97
fi=22 (4.4.97)
M
fy=2 (4.4.98)
F
fa= = (4.4.99)
PaD?
_ PaD; (4.4.100)
q 4A
Vel
5, = Sl:[ﬂ (4.4.101)
ry = 0.25y D24 B} (4.4.102)
L
M e (4.4.103)
0.5
1. = Kuly| Fea - FS (4.4.104)
A

4.4.12.3 Conical Shells. Unstiffenéd conical transitions or cone sections between stiffening rings of conical shells
with a half-apex angle, a, less than 60 deg shall be evaluated as an equivalent cylinder using the equations in 4.4.12.2
with the substitutions shown below. Both the shell tolerances and stress criteria in this paragraph shall be satisfied at all
cross-sections along the length of the cone.

(a) The value of t, is substituted for ¢ to determine the allowable compressive stress.

(b) The value of D /c@s)a is substituted for D, to determine the allowable compressive stress where D is the outside
diameter of the coné.at the point under consideration.

(c) The value.-ef\E.. /cos a, is substituted for L where L. is the distance along the cone axis between stiffening rings.

4.4.12.4 -Spherical Shells and Formed Heads. The allowable compressive stresses are based on the ratio of the
biaxial stress state.

(a)-Equal Biaxial Stresses. The allowable compressive stress for a spherical shell subject to a uniform external pres-
sure, Fp,,, is given by the equations in 4.4.7.

(b) Unequal Biaxial Stresses, Both Stresses Are Compressive. The allowable compressive stress for a spherical shell sub-
ject to unequal biaxial stresses, 01 and o,, where both 0, and 0, are compressive stresses resulting from the applied
loads is given by the equations shown below. In these equations, F,, is determined using 4.4.7. F, is the allowable
compressive stress in the direction of 04 and is the F;, allowable compressive stress in the direction of o,.

__ Fha
Fa =567 oak (4.4.105)
Fyy = kFiy (4.4.106)
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k= Z—i where ‘01‘ > ‘02‘ (4.4.107)

(c) Unequal Biaxial Stresses, One Stress Is Compressive and the Other Is Tensile. The allowable compressive stress for a
spherical shell subject to unequal biaxial stresses, 0, and o,, where ¢, is compressive and o, is tensile, resulting from
the applied loads is given by the equations shown below. In these equations, F, is the allowable compressive stress in
the direction of 04, and is the value of Fj,, determined using 4.4.7 with F,, computed using the following equations.

Firo = (Co+ Go)t (4.4.108)

RO

102.2 R,
= %% for S0 <622

0= 9+ % or == < (4.4.109)
C,=0.125 for 622 < % <1000 (4.4.110)

C - 1.06
. 324 + [—Eyt j (4.4.111)

o2Ry

4.4.13 CYLINDRICAL-TO-CONICAL SHELL TRANSITION JUNCTIONS'WITHOUT A KNUCKLE

4.4.13.1 The design rules in 4.3.11 shall be satisfied. In these calculations, a negative value of pressure shall be used
in all applicable equations.

4.4.13.2 Ifastiffening ring is provided at the cone-to-cylinder jtunction, the design shall be made in accordance with
Part 5.

4.4.14 CYLINDRICAL-TO-CONICAL SHELL TRANSITION JUNCTIONS WITH A KNUCKLE

4.4.14.1 The design rules in 4.3.12 shall be satisfied:{In"these calculations, a negative value of pressure shall be used
in all applicable equations.

4.4.14.2 If a stiffening ring is provided withinthe knuckle, the design shall be made in accordance with Part 5.

4.4.15 NOMENCLATURE

A = cross-sectional area of(¢ylinder
A, = cross-sectional area‘of a large ring stiffener that acts as a bulkhead
As = cross-sectional area of a small ring stiffener
C,, = coefficient whose value is established as follows:
= 0.85.for'compression members in frames subject to joint translation (sideway)
= 0.6.£ 0.4(M, /M)for rotationally restrained members in frames braced against joint translation and
hot'subject to transverse loading between their supports in the plane of bending; in this equation, is
the ratio of the smaller to large bending moment at the ends of the portion of the member that is
unbraced in the plane of bending under consideration M /M, is positive when the member is bent
in reverse curvature and negative when the member is bent in single curvature)
= 0.85 for compression members in frames braced against joint translation and subject to transverse
loading between support points, the member ends are restrained against rotation in the plane of
bending
= 1.0 for compression members in frames braced against joint translation and subject to transverse
loading between support points, the member ends are unrestrained against rotation in the plane
of bending
= 1.0 for an unbraced skirt supported vessel
¢ = distance from the neutral axis to the point under consideration
D, = diameter to the centroid of the composite ring section for an external ring; or the inside diameter for and

internal ring (see Figure 4 4 6)
O U O 7
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Fpa
Fpna
Feq
Fra
Fhba
Fhe
Frep
Frya

tha
Fic

= outside diameter of an assumed equivalent cylinder for the design of cones or conical sections
= Inside diameter of cylinder (including the effects of corrosion

= outside diameter of at the large end of the cone or conical section between lines of support

= outside diameter of cylinder

= outside diameter of at the small end of the cone or conical section between lines of support

= tangent modulus of elasticity of material at the design temperature from Part 3

modulus of elasticity of material at the design temperature from Part 3
applied net-section axial compression load

= axial compressive membrane stress resulting from applied axial load
= axial compressive membrane stress resulting from applied bending moment

allowable compressive membrane stress of a cylinder subject to a net-section bending momient in the
absence of other loads

allowable axial compressive membrane stress of a cylinder subject to bending in the-presence of hoop
compression

= allowable compressive membrane stress of a cylinder due to an axial compressive-load with A, > 0.15
= hoop compressive stress in the cylinder from external pressure

allowable hoop compressive membrane stress of a cylinder or formed head subject to external pressure
only

allowable hoop compressive membrane stress of a cylinder in the presence of longitudinal compression
due to net-section bending moment

elastic hoop compressive membrane failure stress of a cylinder-orformed head subject to external pres-
sure only

average value of the hoop buckling stress, Fj,., averaged\over the length L where Fj, is determined
from eq. (4.4.17)

= allowable hoop compressive membrane stress of a_cylinder in the presence of shear stress

= allowable hoop compressive membrane stress of\a cylinder in the presence of axial compression

= predicted inelastic buckling stress

= axial compressive membrane stress resulting from the pressure load, Q,, on the end of the cylinder
= allowable tensile stress from 3.8

= shear stress from applied loads

= allowable shear stress of a cylinder“subject only to shear loads

= elastic shear buckling stress of,a, cylinder subject only to shear loads

= allowable shear stress of a cylinder subject to shear stress in the presence of hoop compression

allowable compressive membrane stress of a cylinder due to an axial compressive load with 1. < 0.15
elastic axial compressive ailure membrane stress (local buckling) of a cylinder in the absence of other
loads

allowable axial compressive membrane stress of a cylinder in the presence of hoop compression for A, <
0.15

= design factor
= length of a'flat bar stiffener, or leg of an angle stiffener, or flange of a tee stiffener, as applicable

length _afithe angle leg or web of the stiffener, as applicable

height of the elliptical head measured to the outside surface

monient of inertia of the cylinder or cone cross section

actual moment of inertia of the composite section comprised of the large stiffening ring and effective
length of the shell about the centroidal axis

= actual moment of inertia of the large stiffening ring
= actual moment of inertia of the small stiffening ring
= actual moment of inertia of the composite section comprised of the small stiffening ring and effective

length of the shell about the centroidal axis

= elliptical head factor:

coefficient based on end conditions of a member subject to axial compression:

2.10 for a member with one free end and the other end fixed. In this case, “member” is the unbraced
cylindrical shell or cylindrical shell section as defined in this Nomenclature.

1.00 for a member with both ends pinned,

0.80 for a member with one end pinned and the other end fixed,

0.65 for a member with both ends fixed
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Lg,Lg1,Lg2,.

L,Lq,Ly,..

design lengths of the cylinder between bulkheads or large rings designated to act as bulkheads (see
Figure 4.4.2)
axial length of a cone or conical section for an unstiffened cone, or the length from the cone-to-cylinder
junction to the first stiffener in the cone for a stiffened cone (see Figures 4.4.6 and 4.4.7)
design length of an unsupported cylinder or conical shell (see Figure 4.4.5)
effective length of the shell
chord length of segmental circular template used to measure deviation from a true circle of a cylinder
chord length of segmental circular template used to measure deviation from a true circle of a sphere
one-half of the sum of the distances, L g, from the center line of a large ring to the next large ring of head
line of support on either side of the large ring
one-half of the sum of the distances from the centerline of a stiffening ring to the next line of support on
either side of the ring measured parallel to the axis of the cylinder. A line of support is defined in the
definition of L
overall length of the vessel
laterally unbraced length of cylindrical member that is subject to column buckling,.equal to zero when
evaluating the shell of a vessel under external pressure only
design lengths of the unstiffened vessel sections between lines of support (see'Eigure 4.4.2). A line of
support is

(a) a circumferential line on a head (excluding conical heads) at one-third the depth of the head mea-
sured from the tangent line

(b) a small stiffening ring that meets the requirements of 4.4.5.2(b);-or

(c) a tubesheet
applied net-section bending moment
shell parameter
applied external pressure
allowable external pressure in the absence of other loads
inside or outside radius of cylindrical, conical, and spherical shells, as applicable
radius to the centroid of the combined ring stiffefier and effective length of the shell, R, =R + Z, (see
Figure 4.4.3)

= inside radius of the flare

radius of gyration

inside radius of the knuckle

inside radius of the cylinder at the'large end of a cone to cylinder junction

radius to the centerline of the Shell

outside radius of a cylinder ox’spherical shell

inside radius of the cylinderat the small end of a cone to cylinder junction

section modulus of the-shell

minimum specified yield strength from Anne