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Interpretations are issued in real time in ASME’s Interpretations Database at http://go.asme.org/Interpretations.
Historical BPVC interpretations may also be found in the Database.

CODE CASES

The Boiler and Pressure Vessel Code committees meet regularly to consider proposed additions’and revisions to the
Code and to formulate Cases to clarify the intent of existing requirements or provide, when the need is urgent, rules for
materials or constructions not covered by existing Code rules. Those Cases that have beenadopted will appear in the
appropriate 2021 Code Cases book: “Boilers and Pressure Vessels” or “Nuclear Componeiits:” Each Code Cases book is
updated with seven Supplements. Supplements will be sent or made available automatically-to the purchasers of the Code
Cases books up to the publication of the 2023 Code. Annulments of Code Cases become effective six months after the first
announcement of the annulmentin a Code Case Supplement or Edition of the appropriate Code Case book. Code Case users
can check the current status of any Code Case at http://go.asme.org/BPVCCDatahase. Code Case users can also view an
index of the complete list of Boiler and Pressure Vessel Code Cases and Nuclear.Code Cases at http://go.asme.org/BPVCC.
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FOREWORD

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee to
formulate 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Pressure Vessel Committee was superseded by the following committees: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)

(9) 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)

(1) Technical Oversight Management Committee (TOMC)

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

The Committee’s function is to establish rules of safety relating to pressure integrity, which govern the construction” of
boilers, pressure vessels, transport tanks, and nuclear components,aiid’the inservice inspection of nuclear 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 Mapagement Committee. This Code does not address other
safety issues relating to the construction of boilers, pfessure vessels, transport tanks, or nuclear components, or
the inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the pertinent
codes, standards, laws, regulations, or other relevafit:documents for safety issues other than those relating to pressure
integrity. Except for Sections XI and XII, and with afew 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 envi-
ronments. In formulating the rules, the Cominittee considers the needs of users, manufacturers, and inspectors of pres-
sure vessels. The objective of the rules is\te afford reasonably certain protection of life and property, and to provide a
margin for deterioration in service te.give 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
activities and inservice inspection and testing activities. The Code does not address all aspects of these activities
and those aspects that arenot specifically addressed should not be considered prohibited. The Code is not a handbook
and cannot replace edueation, experience, and the use of engineering judgment. The phrase engineering judgment refers
to technical judgmentsmade by knowledgeable engineers experienced in the application of the Code. Engineering judg-
ments must be consistent with Code philosophy, and such judgments must never be used to overrule mandatory re-
quirements 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
Codedules and demonstrating compliance with Code equations when such equations are mandatory. The Code neither
requirés nor prohibits the use of computers for the design or analysis of components constructed to the requirements of
the'Code. However, designers and engineers using computer programs for design or analysis are cautioned that they are
résponsible for all technical assumptions inherentin the programs they use and the application of these programs to their
design.

*

The-nformationecontainedinthisForewordis-notpartefthisAmericanNational-Standard-(ANS-and-hasnetbeen-processed-inraceordaneewith
ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or a consensus 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, certifica-
tion, and overpressure protection.
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The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any
proprietary or specific design, or as limiting in any way the manufacturer’s freedom to choose any method of design or any

form of construction-that conforms-to-the Code rules

The 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 of
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary in writing
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries wilkbe
presented to the Committee for appropriate action. The action of the Committee becomes effective only after confirtation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Comniittee are
submitted to the American National Standards Institute (ANSI) and published at http://gb-@sme.org/
BPVCPublicReview 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 to the provisions of the Code.
The scope of each Section has been established to identify the components and parameters considered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Code rules@reto be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Gode are to be directed to the
Committee. 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 theplural, and vice versa, and the feminine,
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‘fcllows:

- 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 accordance with
the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide reecognition of
organizations so authorized. An organization holding authorization to perform various activities in accgpdance 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‘oet,constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessel Codeare issued Certificates
of Authorization. Itis the aim of the Society to maintain the standing of the ASME Single Certification 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 in 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 itemi{construction, or activity and there shall
be no statements or implications that might so indicate. An organization holdingthe ASME Single Certification Mark and/
or a Certificate of Authorization may state in advertising literature that.items, 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 fostéring 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 carry the, ASME Single Certification Mark.

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

The ASME Boiler and Rressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements for materials, design, fabrication, examination, inspection, and stamping. [tems
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 such-as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shallfiot’be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code.

Itefnsshall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply that
all €Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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SUBMITTAL OF TECHNICAL INQUIRIES TO THE BOILER AND ., . |
PRESSURE VESSEL STANDARDS COMMITTEES

1 INTRODUCTION

(a) The following information provides guidance to Code users for submitting technical inquiries to the applicable
Boiler and Pressure Vessel (BPV) Standards Committee (hereinafter referred to as the Committee). See the guidelines on
approval of new materials under the ASME Boiler and Pressure Vessel Code in Section II, Part D for requirements for
requests that involve adding new materials to the Code. See the guidelines on approval of new'welding and brazing
materials in Section II, Part C for requirements for requests that involve adding new welding,and brazing materials
(“consumables”) to the Code.

Technical inquiries can include requests for revisions or additions to the Code requirenients, requests for Code Cases,
or requests for Code Interpretations, as described below:

(1) Code Revisions. Code revisions are considered to accommodate technological developments, to address admin-
istrative requirements, to incorporate Code Cases, or to clarify Code intent.

(2) Code Cases.Code Cases representalternatives or additions to existing.Code requirements. Code Cases are written
as a Question and Reply, and are usually intended to be incorporated into the Code at a later date. When used, Code Cases
prescribe mandatory requirements in the same sense as the text of the Code. However, users are cautioned that not all
regulators, jurisdictions, or Owners automatically accept Code CasesiThe most common applications for Code Cases are
as follows:

(-a) to permit early implementation of an approved Code revision based on an urgent need

(-b) to permit use of a new material for Code construction

(-¢) to gain experience with new materials or alternative requirements prior to incorporation directly into the
Code

(3) Code Interpretations

(-a) Code Interpretations provide clarification of the meaning of existing requirements in the Code and are
presented in Inquiry and Reply format. Interpretations do not introduce new requirements.

(-b) Interpretations will be issued oulyif existing Code text is ambiguous or conveys conflicting requirements. Ifa
revision of the requirements is required. to Support the Interpretation, an Intent Interpretation will be issued in parallel
with a revision to the Code.

(b) Coderequirements, Code Cases,and Code Interpretations established by the Committee 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, €onstructors, or Owners to choose any method of design or any form of construction
that conforms to the Code\reéquirements.

(c) Inquiries that do'net comply with the following guidance or that do not provide sufficient information for the
Committee’s full understanding may result in the request being returned to the Inquirer with no action.

2 INQUIRY FORMAT

Submittals’to the Committee should include the following information:
(a) LPurpose. Specify one of the following:
L)/ request for revision of present Code requirements
(2) request for new or additional Code requirements
(3) request for Code Case
(4) request for Code Interpretation
(b) Background. The Inquirer should provide the information needed for the Committee’s understanding of the
Inquiry, being sure to include reference to the applicable Code Section, Division, Edition, Addenda (if applicable), para-
graphs, figures, and tables. This information should include a statement indicating why the included paragraphs, figures,

OT tables are ambiguous Of CONvey COntlicting requirements. Preterably, the Inquirer should provide a copy of, or relevant
extracts from, the specific referenced portions of the Code.
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(c) Presentations. The Inquirer may desire to attend or be asked to attend a meeting of the Committee to make a formal
presentation or to answer questions from the Committee members with regard to the Inquiry. Attendance at a BPV

Standards Committee. mnnh'ng shallbe atthe nvpnncn ofthe Inqnirnr The Ihqnirnr'c attendanceorlackof attendanceata

meeting will notbe used by the Committee as a basis for acceptance or rejection of the Inquiry by the Committee. However,
ifthe Inquirer’s request is unclear, attendance by the Inquirer or a representative may be necessary for the Committee to
understand the request sufficiently to be able to provide an Interpretation. If the Inquirer desires to make a presentation
at a Committee meeting, the Inquirer should provide advance notice to the Committee Secretary, to ensure time will be
allotted for the presentation in the meeting agenda. The Inquirer should consider the need for additional audiovisual
equipment that might not otherwise be provided by the Committee. With sufficient advance notice to the Committée
Secretary, such equipment may be made available.

3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions should include the following information:

(a) Requested Revisions or Additions. For requested revisions, the Inquirer should identify those réquirements of the
Code that they believe should be revised, and should submit a copy of, or relevant extracts from,the appropriate re-
quirements as they appear in the Code, marked up with the requested revision. For requested additions to the Code, the
Inquirer should provide the recommended wording and should clearly indicate where they believe the additions should
be located in the Code requirements.

(b) Statement of Need. The Inquirer should provide a brief explanation of the ne¢d-for the revision or addition.

(c) Background Information. The Inquirer should provide background informatiofi'to-support the revision or addition,
including any data or changes in technology that form the basis for the request, that will allow the Committee to
adequately evaluate the requested revision or addition. Sketches, tables, figures, and graphs should be submitted,
as appropriate. The Inquirer should identify any pertinent portions of therCode that would be affected by the revision
or addition and any portions of the Code that reference the requested‘revised or added paragraphs.

4 CODE CASES

Requests for Code Cases should be accompanied by a statemént of need and background information similar to that
described in 3(b) and 3(c), respectively, for Code revisions or additions. The urgency of the Code Case (e.g., project
underway or imminent, new procedure) should be described/In addition, it is important that the request is in connection
with equipment that will bear the ASME Single Certification Mark, with the exception of Section XI applications. The
proposed Code Case should identify the Code Sectiofxand Division, and should be written as a Question and a Reply, in the
same format as existing Code Cases. Requests for;Code Cases should also indicate the applicable Code Editions and
Addenda (if applicable) to which the requestéd Code Case applies.

5 CODE INTERPRETATIONS

(a) Requests for Code Interpretations should be accompanied by the following information:

(1) Inquiry. The Inquirer should propose a condensed and precise Inquiry, omitting superfluous background infor-
mation and, when possible, composing the Inquiry in such a way that a “yes” or a “no” Reply, with brief limitations or
conditions, if needed, can be.provided by the Committee. The proposed question should be technically and editorially
correct.

(2) Reply. The Inquirer should propose a Reply that clearly and concisely answers the proposed Inquiry question.
Preferably, the Reply-should be “yes” or “no,” with brief limitations or conditions, if needed.

(3) Background Information. The Inquirer should include a statement indicating why the included paragraphs,
figures, or tablésare ambiguous or convey conflicting requirements. The Inquirer should provide any need or background
informatién, such as described in 3(b) and 3(c), respectively, for Code revisions or additions, that will assist the
Commiftee' in understanding the proposed Inquiry and Reply.

Ifthe Tnquirer believes a revision of the Code requirements would be helpful to support the Interpretation, the Inquirer
may-propose such a revision for consideration by the Committee. In most cases, such a proposal is not necessary.

(b) Requests for Code Interpretations should be limited to an Interpretation of a particular requirement in the Code or
in a Code Case. Except with regard to interpreting a specific Code requirement, the Committee is not permitted to consider
consulting-type requests such as the following:

(1) a review of calculations, design drawings, welding qualifications, or descriptions of equipment or parts to

determine compliance with Code requirements
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(2) arequest for assistance in performing any Code-prescribed functions relating to, but not limited to, material
selection, designs, calculations, fabrication, inspection, pressure testing, or installation

(?} a rnqnncf seekinag the rationale for Code rnqnirnmnnfc
=]

6 SUBMITTALS

(a) Submittal. Requests for Code Interpretation should preferably be submitted through the online Interpretation
Submittal Form. The form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, thé
Inquirer will receive an automatic e-mail confirming receipt. If the Inquirer is unable to use the online form, the Inglirer
may mail the request to the following address:

Secretary

ASME Boiler and Pressure Vessel Committee
Two Park Avenue

New York, NY 10016-5990

All other Inquiries should be mailed to the Secretary of the BPV Committee at the addresstabove. Inquiries are unlikely
to receive a response if they are not written in clear, legible English. They must also includé-the name of the Inquirer and
the company they represent or are employed by, if applicable, and the Inquirer’s address,'telephone number, fax number,
and e-mail address, if available.

(b) Response. The Secretary of the appropriate Committee will provide a written response, via letter or e-mail, as
appropriate, to the Inquirer, upon completion of the requested action by the Gammittee. Inquirers may track the status of
their Interpretation Request at http://go.asme.org/Interpretations.
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PREAMBLE

The rules of this Section of the Code cover minimum construction requirements for the design, fabrication, installation,
and inspection of steam heating, hot water heating, and hot water supply boilers that are directly fired with oil) gas,
electricity, coal, or other solid or liquid fuels, and for operation at or below the pressure and temperature limits sétforth in
this document. Similar rules for potable water heaters are also included.

For Section IV application, the boiler proper or other vessels terminate at the supply and return connections to the
system or the supply and feedwater connections of a hot water supply boiler. These connections-may be any of the
following:

(a) the first circumferential joint for welding end connections

(b) the face of the first flange in bolted flanged connections

(c) the first threaded joint in that type of connection

Included within the scope of the boiler are pressure-retaining covers for inspection openings, such as manhole covers,
handhold covers, and plugs; and headers required to connect individual coils, tubes, er cast sections within a boiler.

The rules are divided into four major Parts: Part HG, applying to all materials of construction except as provided for in
Part HLW; Part HF, applying to assemblies fabricated of wrought material, exeept'as provided for in Part HLW; Part HC,
applying to cast iron assemblies; Part HA, applying to boilers constructed of cast aluminum; and Part HLW, applying to
potable water heaters. Part HF is further subdivided into Subpart HW,{containing rules for welded construction, and
Subpart HB, containing rules for brazed construction.

The Parts and Subparts of this Section are divided into Articles. Each\Article is given a number and a title, as for example,
Part HG, Article 3, Design. Articles are divided into paragraphs_that are given a three-digit number, the first of which
corresponds to the Article number. Thus, under Article 3 of Part HG, paragraph HG-307 will be found. Paragraphs are
further subdivided into subparagraphs. Major subdivisions 6f paragraphs are designated by three- or four-digit numbers
followed by a decimal point and a digit or digits. Where.iecessary, further subdivisions are represented by letters and
then by numbers in parentheses. Minor subdivisions®f the paragraphs are also represented by letters. A reference to one
of these paragraphs in the text of the Section includes all of the applicable rules in that paragraph. Thus, reference to
HG-307 includes all the rules in HG-307.1 threugh HG-307.4.

This Section does not contain rules to coverall possible details of design and construction. Where complete details are
not given, it is intended that the manufactuter, subject to the acceptance of the Authorized Inspector, shall provide details
of design and construction that will betas safe as otherwise required by these rules.

When the strength of any part cannot be computed with a satisfactory assurance of safety, these rules provide proce-
dures for establishing its maximum allowable working pressure.

xliii



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2021.pdf

——SUMMARY-OF-CHANGES

Errata to the BPV Code may be posted on the ASME website to provide corrections to incorrectly published items, or to
correct typographical or grammatical errors in the BPV Code. Such Errata shall be used on the date posted.

Information regarding Special Notices and Errata is published by ASME at http://go.asme.org/BPVCerrata.

Changes given below are identified on the pages by a margin note, (21), placed next to the affected area.

Page Location Change
xiv List of Sections (1) Listing for Section III updated
(2) Section XIII added
(3) Code Case information updated
xvi Foreword (1) Subparagraph (k) added and subsequent subparagraph redesignated
(2) Second footnote revised
(3) Last paragraph added
Xix Submittal of Technical Inquiries to the Paragraphs 1(a)(3)(-b), 2(b), and 5(a)(8) revised
Boiler and Pressure Vessel Standards
Committees
xxii Personnel Updated
1 HG-100 In subpara. (b), first sentence\revised
3 HG-200.7 Table cross-references revised
4 HG-300 Subparagraph (c) révised
4 HG-301.1 Definitions of E and S revised
4 HG-301.2 Subparagraph( (f) revised
4 HG-305.1 In definition of S, table cross-references revised
5 HG-307.1 (1) Sécond paragraph editorially revised
(2)\In"definition of S, table cross-references revised
9 HG-309 (1) First sentence editorially revised
(2) In definition of S, table cross-references revised
11 HG-312.1 Subparagraphs (a) and (b) revised
15 HG-320.3 In definition of S, table cross-references revised
16 Table HG-321 (1) Variable h revised to d
(2) Editorially reformatted
17 HG-326.4 In definition of S, table cross-references revised
22 HG-340.1 In definition of S, table cross-references revised
27 Figure HG-345({(a) In General Note (a), table cross-references revised
28 Figure HG;345,1(b) In General Note (a), table cross-references revised
29 HG-346.1 In definition of S, table cross-references revised
31 HG;360.3 In subpara. (e)(6), table cross-references revised
33 Part, HG, Article 4 Requirements restructured and relocated to Article 4A and Section XIII
34 Part HG, Article 4A Added
37 HG-501.1 Subparagraphs (a) and (b) revised
41 HG-511 Subparagraph (h) revised
41 HG-512 Title, first sentence, and subpara. (a) revised
42 HG-515.3 Subparagraph (a) revised
44 HG-530.1 (1) Subparagraphs (a)(3) and (a)(4) revised
(2) Subparagraph (b) revised in its entirety
44 Figure HG-530.2 General Note revised
E3%) rigu[e AG-53U.5 Generat Note Tevised
45 HG-530.2 Subparagraphs (c)(3) and (f) revised
47 Figure HG-530.7 Title revised

xliv
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Page Location Change
47 Figure HG-530.8 Title revised
47 HG-530.3 Subparagraphs—{a)-and{(b)revised
48 HG-531 Subparagraph (c) added and subsequent subparagraphs redesignated
49 HG-532.3 Title and first sentence revised
49 HG-533.1 First sentence revised
49 HG-533.7 First and second sentences revised
49 HG-540.1 Revised
53 HG-611 Subparagraphs (b) and (c)(2) revised
56 HG-701Part HG, Article 7 Title and HG-701.1, HG-701.2, and HG-701.4 through HG-701.7-révised
58 Figure HG-703.1(a) Revised
59 Figure HG-703.1(b) Revised
57 HG-703.2 Subparagraph (c) revised
57 HG-705 Subparagraphs (a) and (b) revised
61 HG-709.3 Second sentence revised
62 Table HG-715 First column heading and Note (1) revised
62 HG-716 Subparagraphs (a)(2)(-a), (a)(3)(-a), and\(b)(4) revised
63 HG-725.6 In last sentence, table cross-reference revised
66 HF-201 Table cross-references revised throughout
66 HF-202 In last sentence, table cross-=réeferences revised
67 HF-204 Table cross-references revised
67 HF-204.1 In subparas. (b) and/(c), table cross-references revised
69 HF-207 In first paragraph, last sentence added
70 HF-300 Table cross-references revised
70 Table HF-300.1 Deleted
70 Table HF-300.1M Deleted
71 Table HF-300.2 Deleted
71 Table HF-300.2M Deleted
70 HF-301.1 Subparagraphs (b), (c)(1), and (c)(2) revised
70 HF-302 Table cross-references revised
73 HW-500 In first sentence, table cross-references revised
76 HW-703 Table cross-references revised
80 Table HW-713 Note (2) added
90 HW-812 In subpara. (a), first column of in-text table editorially revised
91 HW-820.8 Subparagraph (a)(5) revised
95 HB-1100 In first sentence, table cross-references revised
103 Figure HC-2041 Editorially revised
119 HA-300 In subparas. (a) and (b), table cross-references revised
121 HA<407 First sentence and subpara. (h) revised
124 HA-502.12.2 In subpara. (c), table cross-references revised
126 Part HLW, Introduction (1) In last sentence of Article 3, table cross-references revised
(2) Article 8 revised
128 HLW-100 Subparagraph (b) revised
130 HLW-200 Titles of subparas. (a) through (f), (i), and (j) editorially revised
131 HLW-201 (1) In subpara. (a), table cross-references revised
(2) Subparagraphs (a)(1) and (a)(2) deleted
132 HLW-203 In subpara. (b), table cross-references revised
132 HLW-205 Table cross-references revised
133 HLW-300 In subparas. (b) and (g), table cross-references revised
133 Table HLW-300 Deleted
133 HLW-301 (1) Table cross-references revised throughout
(2) First sentence of last paragraph editorially revised
133 Table HLW-301 Deleted

xlv
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Page Location Change
134 HLW-303 In definition of S, table cross-references revised
134 HLW.3051 In definition of S, table cross-referencesrevised
137 Table HLW-401.3-1 First column editorially revised
152 HLW-505.1 Revised in its entirety
152 HLW-505.2 Revised
153 HLW-600.1 First sentence revised
154 HLW-602 (1) HLW-602.1, HLW-602.3, and HLW-602.4 revised
(2) HLW-602.5 deleted
156 HLW-701.1 First paragraph corrected by errata
157 HLW-800 Title revised
157 HLW-800.1 Revised in its entirety
157 HLW-801 Title and HLW-801.1, HLW-801.2, HLW-801.3, HLW-801.5{HLW-801.6, and
HLW-801.7 revised
158 HLW-805 HLW-805.1 and HLW-805.2 revised
158 HLW-809.1 Second sentence revised
160 Table HLW-809.1 General Note (a) revised
158 HLW-810 (1) Subparagraph (a) editorially revised
(2) Subparagraph (c) added
162 HLW-903 Revised
164 Table 2-100 References updated
165 3-100 Revised in its entirety
165 3-101 Subparagraph (c)(3) revised
167 Table 4-1 Instructions (25) and (#5) revised
170 Form H-2 On front page, “safetyvalve” revised to “pressure relief valve”
172 Form H-3 On front and back 'pages, “safety valve” revised to “pressure relief valve”
174 Form H-4 On back pdge, “safety valve” revised to “pressure relief valve” throughout
176 Form H-5 On back page, “Witness of test(s)” revised to “Certified Individual”
178 Form H-5A On _back page, “Witness of test(s)” revised to “Certified Individual”
181 Form HC-1 Editorially revised
182 Form HC-2 Editorially revised
183 Form HC-3 Editorially revised
184 Form HA-1 Editorially revised
185 Form HA-2 Editorially revised
186 Form HA-3 Editorially revised
187 Form HLW-6 Line 10, Certificate of Shop Compliance, and Certification of Shop Inspection
revised
193 5-600 Subparagraph (c) revised
203 10-100 Cross-reference to “Section VIII, Division I” corrected to “Section VIII,
Division 1”
203 10-300 Cross-references revised throughout
204 A-100 Cross-references revised throughout
204 Table A-100 General Notes (a), (b), and (c) revised
205 Nonmandatory Appendix B “Safety valve” and “safety relief valve” revised to “pressure relief valve”
throughout
212 E-100 (1) Definitions of action, popping, or pop; blowdown; pressure, accumulation
test; rated, officially; valve, safety, lift of; and valve, temperature and pressure
safety relief deleted
(2) Definitions of surface, heating, square feet of; valve, safety; and valve, safety
relief revised
(3) Definitions of valve, pressure reliefand valve, temperature and pressure relief
added
213 E-101 In definition of joint efficiency, table cross-references revised
216 F-100.1 First and second paragraphs revised
217 F-202.11 Former F-202.11 deleted and former F-202.12 redesignated as F-202.11

xlvi
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Page Location Change

219 Nonmandatory Appendix K (1) Item (1) revised

(2) Under item (3), Certification Mark with HV Designator deleted
225 Nonmandatory Appendix N Information relocated to Section XIII, Nonmandatory Appendix C
226 Nonmandatory Appendix P Added

NOTE: Throughout Section 1V, the words “mark,” “marked,” and “marking” have replaced “stamp,” “stamped,” and “stamping,” respec-
tively, in references to the marking of the nameplate or the application of the Certification Mark.
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——LIST-OF-CHANGES-IN-RECORD-NUMBER-ORDER

DELETED
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AND PRESSURE VESSEL CODE

There have been structural and stylistic changes to BPVC, starting with the 2011 Addenda, that should be notedto aid
navigating the contents. The following is an overview of the changes:

Subparagraph Breakdowns/Nested Lists Hierarchy

¢ First-level breakdowns are designated as (a), (b), (c), etc., as in the past.

» Second-level breakdowns are designated as (1), (2), (3), etc., as in the past.
¢ Third-level breakdowns are now designated as (-a), (-b), (-c), etc.

¢ Fourth-level breakdowns are now designated as (-1), (-2), (-3), etc.

« Fifth-level breakdowns are now designated as (+a), (+b), (+c), etc.

¢ Sixth-level breakdowns are now designated as (+1), (+2), etc.

Footnotes

With the exception of those included in the front matter (roman-numbered pages), all footnotes are treated as
endnotes. The endnotes are referenced in numeric order and appeat, at’the end of each BPVC section/subsection.

Submittal of Technical Inquiries to the Boiler and Pressure Vessel'Standards Committees

Submittal of Technical Inquiries to the Boiler and PressureWessel Standards Committees has been moved to the front
matter. This information now appears in all Boiler Code Sections (except for Code Case books).

Cross-References

Itis our intention to establish cross-reference link functionality in the current edition and moving forward. To facilitate
this, cross-reference style has changed. Cross-references within a subsection or subarticle will notinclude the designator/
identifier of that subsection/subarticle. Exaniples follow:

e (Sub-)Paragraph Cross-References. The cross-references to subparagraph breakdowns will follow the hierarchy of

the designators under which thé’breakdown appears.

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

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

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

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

e Equation Cross-References. The cross-references to equations will follow the same logic. For example, if eq. (1)

appears in X.1(@)(1) but is referenced in X.1(b), it will be referenced as eq. (a)(1)(1). If eq. (1) appears in
X.1(a)(1) butis-referenced in a different subsection/subarticle/paragraph, it will be referenced as eq. X.1(a)(1)(1).

xlix
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PART HG

GENERAL REQUIREMENTS FOR ALL
MATERIALS OF CONSTRUCTION

ARTICLE 1
SCOPE AND SERVICE RESTRICTIONS

21) HG-100 SCOPE

(a) The rules of Part HG apply to steam heating boilers,
hot water heating boilers, hot water supply boilers, and to
appurtenances thereto. They shall be used in conjunction
with the specific requirements in Part HF (boilers of
wrought materials), Part HC (cast iron boilers), and
Part HA (cast aluminum boilers), as applicable. The
Foreword provides the basis for these rules. Part HG is
not intended to apply to potable water heaters except
as provided for in Part HLW. Boilers with economizers
shall follow the rules of Mandatory Appendix 10.

(b) This Part contains mandatory requirements, specif-
ic prohibitions, and nonmandatory guidance for materials,
designs, fabrication, examination, inspectiony testing,
certification, and overpressure protection.Whén detailed
rules are not given in Section IV, the Manufaeturer, subject
to the acceptance of the Authorized-Inspector, shall
provide details of design that will\be as safe as those
provided by the rules of Section)IV. This may be done
by appropriate analytical methods, the appropriate use
of rules from other desigh/Codes or, as permitted in
HG-500, by proof test.

(c) The Manufacturer shall establish the effective Code
edition, addenda,and cases in accordance with Mandatory
Appendix 9. Laws-or regulations issued by a municipality,
state, provincial, federal, or other enforcement or regula-
tory body having jurisdiction at the location of an installa-
tion, eStablish the mandatory applicability of these rules,
in_whole or in part.

HG-101 SERVICE RESTRICTIONS

HG-101.1 Service Restrictions. The rules of this
Section are restricted to the following services:
(a) steam boilers for operation at pressures not

(b) hot water heatihg boilers and hot water supply
boilers for operation\at pressures not exceeding 160
psi (1100 kPa)

(c) hot water heating boilers and hot water supply
boilers for operation at temperatures not exceeding
250°F (120°C), at or near the boiler outlet, except that
when somie of the wrought materials permitted by Part
HFcare used, a lower temperature is specified

HG-101.2 Services in Excess of Those Covered by
This Section. For services exceeding the limits specified
in HG-101.1, the rules of Section I shall apply.

HG-102 UNITS

Either U.S. Customary, SI, or any local customary units
may be used to demonstrate compliance with all require-
ments of this edition (e.g., materials, design, fabrication,
examination, inspection, testing, certification, and over-
pressure protection).

In general, it is expected that a single system of units
shall be used for all aspects of design except where unfea-
sible or impractical. 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 used for the design and documentation
of that component. Similarly, for proprietary components
or those uniquely associated with a system of units
different than that used for the general design, the alter-
nate units may be used for the design and documentation
of that component.

For any single equation, all variables shall be expressed
in a single system of units. When separate equations are
provided for U.S. Customary and SI units, those equations
must be executed using variables in the units associated
with the specific equation. Data expressed in other units

exceeding 15 psi (100 kPa)

shall be converted to U.S. CuStomary or SI Umnits for use in
these equations. The result obtained from execution of
these equations may be converted to other units.
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Production, measurement and test equipment, draw-
ings, welding procedure specifications, welding proce-

Material that has been manufactured and certified to
either the U.S. Customary or SI material specification

dure and pnrfnrmanr‘n qna]ifir‘afinnc’ 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 equip-
ment are in different units, any conversions necessary for
verification of Code compliance and to ensure that dimen-
sional consistency is maintained shall be in accordance
with the following:

(a) Conversion factors shall be accurate to at least four
significant figures.

(b) The results of conversions of units shall be
expressed to a minimum of three significant figures.

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 the Nonmandatory Appendix
M, Guidance for the Use of U.S. Customary and SI Units in
the ASME Boiler and Pressure Vessel Code. Whenever
local customary units are used the Manufacturer shall
provide the source of the conversion factors, which
shall be subject to verification and acceptance by the
Authorized Inspector.

(e.g SA-516M) may be used regardless of the unit
system used in design. Standard fittings (e.g., flanges,
elbows, etc.) that have been certified to either U.S.
Customary units or SI units may be used regardless of
the unit system used in design.

All entries on a Manufacturer’s Data Report and data for;
Code required nameplate marking shall be in units consis-
tent with the fabrication drawings for the component
using U.S. Customary, SI, or local customary ufits: It is
acceptable to show alternate units parenthetically.
Users of this Code are cautioned that:the receiving
Jurisdiction should be contacted to,ehsure the units
are acceptable.

HG-103 TOLERANCES

Except as stated elsewhere’in this section, Section IV
does not fully addressi\tolerances. When dimensions,
sizes, or other parameters are not specified with toler-
ances, the valuesyof these parameters are considered
nominal, and @lowable tolerances or local variances
may be considered acceptable when based on engineering
judgment.and standard practices as determined by the
designer:
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ARTICLE 2
MATERIAL REQUIREMENTS

HG-200 GENERAL MATERIAL
REQUIREMENTS

HG-200.1 Materials Subject to Pressure Stress.
Material subject to stress due to pressure shall conform to
one of the specifications given in Section II and shall be
limited to those that are permitted in HF-200 for boilers of
wrought materials and HC-200 for cast iron boilers.

HG-200.2 Internal Parts Subject to
Deterioration. Materials shall not be used for internal
parts that are liable to fail due to deterioration when
subjected to saturated steam temperatures at or below
the maximum allowable working pressure.

HG-200.3 Materials Not Found in Section II.
Material not covered by specifications in Section II
shall not be used unless authorization to use the material
is granted by the Boiler and Pressure Vessel Committee on
the basis of data submitted to the Committee in aceory
dance with Section II, Part D, Mandatory Appendi%5.

HG-200.4 Materials Use Not Limited by
Specification Title. The title or scope parfdgraph of a
material specification in Section II with respect to
product form or service shall notlimit th&use of a material,
provided the material is suitable for the-application and its
use is permitted by the rules of-this Section.

HG-200.5 Materials Usé-Not Limited by Method
of Production. Materjals covered by specifications in
Section Il are not restricted as to the method of production

unless so stated in the Specification, and aS-lohg as the
product complies with the requirements of the
Specification.

HG-200.6 Materials With Thicknesses
Exceeding Specification Limits. Materials having
thicknesses outside of thelimits given in the title or
scope clause of a specificdtion in Section Il may be
used in construction, provided they comply with the
other requirementsofthe Specification and with all thick-
ness requiremertsjof this Code.

HG-200.7/Nonpressure Part Materials. Material
for nonpressure parts, such as skirts, supports, baffles,
lugs, clips, and extended heat-transfer surfaces, need
not-conform to the specifications for the material to
which they are attached or to a material specification
permitted in HF-200 or HC-200; but, if welded, they
shall be of weldable quality. The allowable stress value
shall not exceed 80% of the maximum allowable stress
permitted for similar material in Section II, Part D,
Table 6A or Table 6B. Satisfactory performance of a
specimen in such service shall not make the material ac-
ceptable for use in pressure parts of a vessel.

HG-201 SPECIFIC MATERIAL REQUIREMENTS

Specific material requirements for assemblies
constructed of wrought materials are given in Part HF,
Article 2 and for assemblies constructed of cast iron in
Part HC, Article 2.

(21)
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(21)

ARTICLE 3
DESIGN

HG-300 DESIGN PRESSURE

(a) The design pressure is the pressure used in the
formulas of this Article, in conjunction with the allowable
stress values, design rules, and dimensions specified for
determining the minimum required thicknesses for the
parts of a boiler. The design pressure for a heating
boiler shall be at least 30 psi (200 kPa).

(b) The term maximum allowable working pressure
refers to gage pressure, or the pressure in excess of
the atmospheric pressure in the boiler. The maximum
allowable working pressure, as marked on the boiler
per HG-530, must be less than or equal to the design pres-
sure for any of its parts.

(c) No boiler shall be operated at a pressure higher
than the maximum allowable working pressure except
when the pressure relief valves are discharging, at
which time the maximum allowable working pressure
shall not be exceeded by more than the amount specified
in HG-402A.1 and HG-402A.2.

HG-300.1 Vacuum Boilers. Rules for factory
sealed boilers to be operated only under vacuum condi-
tions are given in Mandatory Appendix 5.

HG-301 CYLINDRICAL PARTS UNDER
INTERNAL PRESSURE

HG-301.1 General. The required thickness and the
design pressure of cylindricalshells, tubes, pipe, and
headers shall be determined in accordance with the
following formulas:

PR
SE — 0.6P

SEt
R + 0.6t

where

E = efficiency of longitudinal joint or of ligament
between tube holes, whichever is the lesser. For

manner as seamless, but with allowabl€-tensile
strength taken from the welded product values
of the stress tables in Section II, Part\D:

P = design pressure [but notless than30 psi (200 kPa)]

R = inside radius of cylinder

S = maximum allowable stress walde from Section II,
Part D, Table 6A or Table-6B

t = required wall thickness

HG-301.2 Tubes,

(a) The wall thickness of tubes and pipes subject to
internal pressare shall be determined in accordance
with the formulas in HG-301.1.

(b) The-wall thickness of tubes and pipes subject to
exterfialpressure shall be determined by the procedures
outlined in HG-312.3.

{¢) Inno case shall atube or a pipe used as a tube have a
wall thickness less than 0.02 in. (0.5 mm).

(d) Tubes installed by rolling shall have an additional
0.04 in. (1 mm) of wall thickness added to the minimum
required thickness as an allowance for rolling and struc-
tural stability.

(e) The design temperature of tubes shall be the mean
metal temperature as determined by the boiler
Manufacturer.

(f) For austenitic stainless steel materials, the water
temperature shall not exceed 210°F (99°C).

(g) Welding or brazing shall be qualified in accordance
with Section IX.

HG-305 FORMED HEADS, PRESSURE ON
CONCAVE SIDE

HG-305.1 General. The required thickness at the
thinnest point after forming® of ellipsoidal, torispherical,
and hemispherical heads under pressure on the concave
side (plus heads) shall be computed by the appropriate
formulas in this paragraph.

(a) Notation. The symbols used in this paragraph are
defined as follows:

D = inside diameter of the head skirt: or inside length of

(21)

(21)

welded JOINTS, USe the efficiency Specified 1n
HW-702. For seamless shells, use E = 1. Welded
pipe or tubing shall be treated in the same

the major axis of an ellipsoidal head; or inside
diameter of a cone head at the point under
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consideration, measured perpendicular to the lon-
gitudinal axis

E = ]n‘AIDCanF‘iI‘iDn{"“}IﬂFQh}I}'nihfih the head. Eorwelded

(a) The head is at least two-thirds as thick as required

by the rules of this paragraph for an unstayed head.
lfh) The head-is-at least 70 in (7') mm) thick

joints, use the efficiency specified in HW-702. For
seamless heads, use E = 1, except for hemispherical
heads furnished without a skirt, in which case use
the efficiency of the head-to-shell joint.

L = inside spherical or crown radius

P = design pressure [but notless than 30 psi (200 kPa)]

S = maximum allowable stress value as given in Section
II, Part D, Table 6A or Table 6B

t = required wall thickness after forming

HG-305.2 Ellipsoidal Heads. The required thick-
ness and the design pressure of a dished head of semiel-
lipsoidal form, in which halfthe minor axis (inside depth of
the head minus the skirt) equals one-fourth of the inside
diameter of the head skirt, shall be calculated by the
following formulas:

PD

2SE — 0.2P

or
2SEt
D + 02t

HG-305.3 Torispherical Heads. The required
thickness and the design pressure of a torispherical
head shall be calculated by the following formulas (see
HG-305.6):

0.885PL
SE — 0.1P

or
SEt
0.88SL 4 0.1t

HG-305.4 Hemispherical Heads. The required
thickness and the design\pressure of a hemispherical
head in which P doesnot’exceed 0.665SE shall be calcu-
lated by the following formulas:

PL
28E — 0.2P

or
2SEt

p = ——“—
L + 0.2t

HG-305.5 Formed Heads With Stays. A formed
head of a lesser thickness than that required by the
rules of this paragraph may be used provided it is
stayed as a flat surface according to the rules of

(c) The stays are through-stays attached to the head by
outside and inside nuts or welding.

(d) The design pressure on the head is taken as that
calculated for an unstayed formed head plus the pressute
calculated for the stays by the equation for stayed surfaces
in HG-340 using a value of C = 1.63.

HG-305.6 Inside Crown Radius of Unstayed
Heads. The inside crown radius to which ah unstayed
formed head is dished shall be not_greater than the
outside diameter of the skirt of the head. The inside
knuckle radius of a torispherical head shall be not less
than 6% of the outside diaméter of the skirt of the
head but in no case less~than three times the head
thickness.

HG-305.7 Heads\Built up of Several Shapes. A
head for a cylindrical shell may be built up of several
head shapes, the thicknesses of which satisfy the require-
ments of thé.appropriate formulas above, provided that
adjoining shapes are so formed that they have a common
tangenttransverse to the joint.

HG-305.8 Length of Skirts. The required length of
skirt on heads concave and convex to pressure shall
comply with HW-715.

HG-305.9 Permissible Diameter of Flat Spots on
Formed Heads. If a torispherical, ellipsoidal, or hemi-
spherical head is formed with a flattened spot or
surface, the diameter of the flat spot shall not exceed
that permitted for flat heads as given by the equation
in HG-307, using € = 0.20.

HG-306 FORMED HEADS, PRESSURE ON
CONVEX SIDE

HG-306.1 Unstayed dished heads with the pressure
on the convex side shall have a design pressure equal to
60% of that for heads of the same dimensions having the
pressure on the concave side (see HG-305).

HG-307 FLAT HEADS

HG-307.1 General. The minimum thickness of
unstayed heads, cover plates, and blind flanges shall
conform to the requirements given in this paragraph.
These requirements apply to both circular and noncircular
heads and covers. In addition, flat heads or covers made of
cast iron shall be subjected to the proof test provisions of
HG-500. Some acceptable types of flat heads and covers

are shown in F’ignrn HG-307

(21)

HG-340 for stayed flat plates, no allowance being made
in such staying for the holding power due to the curvature
of the head unless all the following conditions are met:

The symbols used in this paragraph and Figure HG-307
are defined as follows:
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Figure HG-307
Some Acceptable Types of Unstayed Flat Heads and Covers

<« Center of lap

I
1
1
l:Tangent

i<— Center of weld

<!
t (- Tangent
Y51 ‘ line

{

>

trmin. = 2t

1
1
[
J
A

1o~ line
o, %2 R
r r= 3tmin. \ — 3tmi
Taper r= 3tmin.
A= |
C=0.17or 0.20
C=0.10
(a) (b) (c)

t, = 2t, min. nor less than 1.25¢
but need not be greaterthan t

0.7t o
0.7t; Projection
3 tsl beyond weld
is optional

»»7/////4
SN

§ Con\tinuation F d Bevel optional

{ 8 of shell optional 45 deg max.

Sketches (e), (f), (g) Circular Covers, C = 033m: C min. = 0.20
Noncircular Coveys, €~ 0.33
(d) (e) () (g)
Min. t; but need Min. t; but need
not be over —> not be over
/4 in. (6 mm) /4 in. (6mm)
t, = 2t, but not t;=\2t, but
less than 1.25¢ not less
than 1.25t, He
TS -2
: d
| - |
C=10.33 C=0.33m C=0.30 C=0.30
(h) Cmin. =0.20 [Use eq. (2) or (5)] [Use eq. (2) or (5)]
(i) (i (k)
e o . W K 0~ ARSI
etaining rin
grng Jj \ *———Threaded ring d
| >N« | e
T T T r— T T -
C=10.30 C=10.30
(n) (o)
t; 30 deg min.
d N ;ts 45 deg max. Seal weld _0.75¢ min.
A V+ ] F T VT < 0.8t; min.
i N d TNT! NI ARFANN
- _ min. t; = tor tg
WE J ' 7 t_" whichever or
C=0.75 AN is greater d ~=1
(p) (q) (r) (s)

GENERAL NOTE: These illustrations are diagrammatic only; other designs that meet the requirements of HG-307 will be acceptable.
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C = afactor depending upon the method of attachment

(b) The minimum required thickness of flat unstayed
circular heads, covers, and blind flanges shall be calculated

ofthe-head,shell-piper-or-headerdimensions,and
other items as listed in HG-307.4 below, dimen-
sionless. The factors for welded covers also
include a factor of 0.667 that effectively increases
the allowable stress for such construction to 1.5S.
D = longspan ofnoncircular heads or covers measured
perpendicular to short span
d = diameter, or short span, measured as indicated in
Figure HG-307
H; = gasket moment arm, equal to the radial distance
from the center line of the bolts to the line of the
gasket reaction, as shown in Figure HG-307,
sketches (j) and (k)
L = perimeter of noncircular bolted head measured
along the centers of the bolt holes
| = length of flange or flanged heads, measured from
the tangent line of knuckle, as indicated in
Figure HG-307, sketches (a) and (c)

= the ratio t,/t, dimensionless

design pressure

= inside corner radius on the head formed by flan-

ging or forging

S = maximum allowable stress value using values
given in Section II, Part D, Table 6A or Table 6B

t = minimum required thickness of flat head or cover

t; = throat dimension of the closure weld, as indicated
in Figure HG-307, sketch (1)

t. = minimum distance from beveled end of drumypipe,
or header, before welding, to outer face ofhead, as
indicated in Figure HG-307, sketch (i)

tr = actual thickness of the flange on a forged head, at
thelarge end, asindicated in Figure HG-307, sketch
(b)

t, = actual thickness of flat head or cover

t- = required thickness of seamless shell, pipe, or
header, for pressure

t, = actual thickness of.shell, pipe, or header

t, = thickness through jthe weld joining the edge of a
head to the inside of a drum, pipe, or header, as
indicated.in-Figure HG-307, sketch (g)

W = total belt.load as further defined in HG-307.2

Z = a factor/for noncircular heads and covers that
depends on the ratio of short span to long
span, as given in HG-307.3 below, dimensionless

~ w3
]

HG-307.2 Thickness of Circular, Flat, Unstayed
Heads, Covers, and Blind Flanges. The thickness of
flat unstayed heads, covers, and blind flanges shall
conform to one of the following requirements:?

(a) Circular blind flanges of ferrous materials
conforming to ASME B16.5 shall be acceptable for the

by the following eguation:
J o 1
t = dJCP/S &y

except when the head, cover, or blind flange is attached by
bolts causing an edge moment [Figure HG-307, sketches
(j) and (k)], in which case the thickness shall be calculated

by

t = dCP/S + 19WHG/Sd> (2)

When using eq. (b)(2), the thicknesst'shall be calculated
for both operating conditions and<gasket seating, and the
greater of the two values shall béused. For operating con-
ditions, the value of P shall<be‘the design pressure, the
value of S at design tempetature shall be used, and W
shall be the sum of thetbolt loads required to resist
the end pressure load and to maintain tightness of the
gasket. For gasket seating, P equals zero, the value of §
at atmospheric témperature shall be used, and W shall
be the average of the required boltload and the load avail-
able from the bolt area actually used.

HG-307.3 Thickness of Noncircular, Flat,
Unstayed Heads, Covers, and Blind Flanges.

(a) Flatunstayed heads, covers, or blind flanges may be
square, rectangular, elliptical, obround, segmental, or
otherwise noncircular. Their required thickness shall
be calculated by the following equation:

t = d\/zCP/S 3)
where
7 = 34 - 24 4
D

with the limitation that Z need not be greater than 2.5.

(b) Eq. (2)(3) does not apply to noncircular heads,
covers, or blind flanges attached by bolts causing a
bolt edge moment [Figure HG-307, sketches (j) and
(k)]. For noncircular heads of this type, the required thick-
ness shall be calculated by the following equation:

t = d\ZCP/S + 6WHg/SLd> ©)

When using eq. (5), the thickness ¢ shall be calculated in
the same way as specified above for eq. HG-307.2(b)(2).

HG-307.4 Values of C for Use in Equations in
HG-307.2 and HG-307.3. For the types of construction

shown in Figure HG-307, the values of C to be used in egs.
HG-307 2(h)(1), HG-307 2(h)(2), HG-307 3(a)(3), and

diameters and pressure-temperature ratings in Tables
2 through 8 of that Standard when of the types shown
in Figure HG-307, sketches (j) and (k).

HG-307.3(b)(5) are as follows:
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(a) Figure HG-307, sketch (a): € = 0.17 for flanged
circular and noncircular heads forged integral with or

C = 0.33 for noncircular plates, welded to the inside of a
drum, pipe, or header, and otherwise meeting the require-

butt welded to the c]nn”’ pipn‘ or hnaﬂnr’ with-an

inside corner radius notless than three times the required
head thickness, with no special requirement with regard
to length of flange, and where the welding meets all the
requirements for circumferential joints given in Part HF,
Subpart HW.

C = 0.10 for circular heads, when the flange length for
heads of the above design is not less than

2
| = [1.1 - o.st‘z}/dth ©)
th

When C = 0.10 is used, the taper shall be at least 1:3.

(b) Figure HG-307, sketch (b): C = 0.17 for circular and
noncircular heads forged integral with or butt welded to
the shell, pipe, or header, where the corner radius on the
inside is not less than three times the thickness of the
flange and where the welding meets all the requirements
for circumferential joints given in Part HF, Subpart HW.

(c) Figure HG-307, sketch (c): € = 0.20 for circular
flanged plates screwed over the end of the shell, pipe,
or header, with inside corner radius not less than 3¢,
in which the design of the threaded joint against
failure by shear, tension, or compression, resulting
from the end force due to pressure, is based on a
factor of safety of at least five, and the threaded parts
are at least as strong as the threads for standard
piping of the same diameter. Seal welding may bé
used, if desired.

(d) Figure HG-307, sketch (d): C = 0.13 for integral.flat
circular heads when the dimension d does notiexceed
24 in. (610 mm), the ratio of thickness of the head to
the dimension d is not less than 0.05 nor.greater than
0.25, the head thickness t; is not less than'the shell thick-
ness t,, the inside corner radius is notless than 0.25¢, and
the construction is obtained by speécial techniques of
upsetting and spinning the end-of the shell, pipe, or
header, such as employed ifi closing header ends.

(e) Figure HG-307, sketches (e), (f), and (g): €= 0.33m
but not less than 0.20«for circular plates, welded to the
inside of a drum, pipe, or header, and otherwise
meeting the requiréments for the respective types of
fusion welded boiler drums. If a value of m less than 1
is used in caleulating t, the shell thickness t, shall be main-
tained alonga distance inwardly from the inside face of the
head‘equal to at least 2\/7155. The throat thickness of the
filetwelds in sketches (e) and (f) shall be atleast 0.7¢t,. The
size of the weld t,, in sketch (g) shall be not less than two
times the required thickness of a seamless shell nor less
than 1.25 times the nominal shell thickness but need not
be greater than the head thickness; the weld shall be

ments for the rncpnr‘fiun fypnc of fusion-welded boiler

drums. The throat thickness of the fillet welds in sketches
(e) and (f) shall be at least 0.7t,. The size of the weld t,, in
sketch (g) shall be not less than two times the required
thickness of a seamless shell nor less than 1.25 times the
nominal shell thickness but need not be greater than the
head thickness; the weld shall be deposited in a welding
groove with the root of the weld at the inner face of the
head as shown in the figure.

(f) Figure HG-307, sketch (h): € = 0.33 for circular
plates welded to the end of the shell when)¢t; is at least
1.25¢t, and the beveled end of the shellds located at a
distance no less than 2t, nor less than/1.25¢t, from the
outer face of the head. The widthhat'the bottom of the
welding groove shall be atleast €qual to the shell thickness
but need not be over %, in (6"mm).

(g) Figure HG-307, sketch(i): C = 0.33m but not less
than 0.20 for circular plates welded to the end of the
drum, pipe, or header, when an inside weld with
minimum throat thickness of 0.7t is used, and when
the beveled end of the drum, pipe, or header is located
at a distaifeé,not less than 2t, nor less than 1.25¢;
from thécouter face of the head. The width at the
bottom _of the welding groove shall be at least equal to
t, but'‘need not be over % in. (6 mm).

(h) Figure HG-307, sketches (j) and (k): C = 0.3 for
circular and noncircular heads and covers bolted to
the shell, flange, or side plate, as indicated in the
figures. Note that HG-307.2(b), eq. (2) or HG-307.3(b),
eq. (5) shall be used because of the extra moment
applied to the cover by the bolting. When the cover
plate is grooved for a peripheral gasket, as shown in
sketch (k), the net cover plate thickness under the
groove or between the groove and the outer edge of
the cover plate shall be not less than

d\ 1L9WH/Sd>

for circular heads and covers, nor less than
2
d\/6WHG/SLd

for noncircular heads and covers.

(i) Figure HG-307, sketches (m), (n), and (0): C=0.3 for
a circular plate inserted into the end of a shell, pipe, or
header, and held in place by a positive mechanical locking
arrangement, and when all possible means of failure either
by shear, tension, compression, or radial deformation,
including flaring, resulting from pressure and differential
thermal expansion, are resisted with a factor of safety of at
least five. Seal welding may be used, if desired.

Ci) Fignrp HG-307 sketch (p) C =025 for circular and

deposited in a welding groove with the root of the
weld at the inner face of the head as shown in the figure.

noncircular covers bolted with a full-face gasket to shells,
flanges, or side plates.
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(k) Figure HG-307, sketch (q): € = 0.75 for circular
plates screwed into the end of a shell, pipe, or header,

(c) as a manufacturer’s standard pressure part per
HF-203.

having an-inside diameter d neot nvr‘nnﬂing 12 in

(300mm); or for heads having an integral flange
screwed over the end of a shell, pipe, or header,
having an inside diameter d not exceeding 12 in. (300
mm); and when the design of the threaded joint
against failure by shear, tension, compression, or radial
deformation, including flaring, resulting from pressure
and differential thermal expansion, is based on a factor
of atleast five. If a tapered pipe thread is used, the require-
ments of Table HG-370 shall also be met. Seal welding may
be used, if desired.

(1) Figure HG-307, sketch (r): C=0.33 for circular plates
having a dimension d not exceeding 18 in. (450 mm)
inserted into the shell, pipe, or header, and welded as
shown, and otherwise meeting the requirements for
fusion welded boiler drums. The end of the shell, pipe,
or header shall be crimped over at least 30 deg, but
not more than 45 deg. The crimping may be done cold
only when this operation will not injure the metal. The
throat of the weld shall be not less than the thickness
of the flat head or the shell, pipe, or header, whichever
is greater.

(m) Figure HG-307, sketch (s): C = 0.33 for circular
beveled plates having a diameter not exceeding 18 in.
(450 mm), inserted into a shell, pipe, or header, the
end of which is crimped over at least 30 deg, but not
more than 45 deg, and when the undercutting for
seating leaves at least 80% of the shell thickness. The
beveling shall be not less than 75% of the head thickness.
The crimping shall be done when the entire circuinference
of the cylinder is uniformly heated to the proper forging
temperature for the material used. For this’construction,
the ratio ty/d shall be not less than the-ratio P/S nor less
than 0.05. The design pressure for this’construction shall
not exceed P = S/5d.

Figure HG-307 is diagrammatie only. Other designs that
meet the requirements of HG*307 will be acceptable.

HG-307.5 Electric immersion Heating Element
Support Plates. Electric immersion heating element
support plates shall’be supplied using one of the following
options:

(a) by aSection IV “H” Certificate Holder and shall be
designed. to the rules of HG-307 and HG-325.

(b)\Jby a Section IV “H” Certificate Holder or by a Section
VHI\Division 1 “U” Certificate Holder. The design shall be
torthe rules of Section VIII, Division 1, Mandatory
Appendix 41. In the Remarks section of the Section IV
Manufacturer’s Data Report, the Manufacturer shall
include the statement, “Electric immersion heater
element support plate(s) designed in accordance with

HG-309 SPHERICALLY DISHED COVERS
(BOLTED HEADS)

The symbols used in the formulas of this paragraph are
defined as follows:

= outside diameter of flange
inside diameter of flange
= bolt circle diameter
= inside spherical or crown radius
M, = the total moment determined as in Section VIII,
Division 1, Mandatory Appéndix 2, 2-6, except
that for heads of\the type shown in
Figure HG-309, sketch (d), a moment H,h,
(which may add\er subtract) shall be included
in addition to\the-moment Hphp where
Hp = axial'ecomponent of the membrane load in
the.spherical segment acting at the inside
of the flange ring
= 0.785B°P
hp = radial distance from the bolt circle to the
inside of the flange ring
H, = radial component of the membrane load in
the spherical segment acting at the inter-
section of the inside of the flange ring with
the center line of the dished cover
thickness
= Hp cot B
h, = lever arm of force H, about centroid of
flange ring

0w
I

Q

NOTE: Since H,h, in some cases will subtract
from the total moment, the moment in the
flange ring when the internal pressure is
zero may be the determining loading for the
flange design.

P = design pressure

r = inside knuckle radius

maximum allowable stress value as given in

Section II, Part D, Table 6A or Table 6B

T = flange thickness

t = minimum required thickness of head plate after
forming

[
I

HG-309.1 Heads Concave to Pressure. Circular
spherically dished heads with bolting flanges, concave
to the pressure and conforming to the several types illus-
trated in Figure HG-309 shall be designed in accordance
with the following formulas:

(a) Heads of the Type Shown in Figure HG-309, Sketch
(a)

(21)

Sectiom VHE Bivistomr 5 Mandatory Appermdix41=~
When the part is manufactured by a “U” Certificate
Holder, the U-2 Partial Data Report will be referenced
on the H-2 Data Report.

(1) Thethicknessoftheheadtshall be determined by
the appropriate equation in HG-305.
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Figure HG-309
Spherically Dished Steel Plate Covers With Bolting Flanges

Not less than
2tand in no t
case less than
1/2in.

Edge of weld t
shall not overlap
knuckle

L

Knuckle A
radius radius
Gasket Gasket

Loose Flange Type' Integral Flange Type

(a)

Preferably
2t min.

172A > e 12A -
‘[ﬁ 1/2¢C 1/4 (A +B)
Point of H
. Preferably t : D
2¢ min. Full penfz}ratlor: weld I action. t
. B = .
. T | \ D ‘
;,_ N T ‘ / ro|
> hr Shown as welded
+ ~ L | | Centoid smooth weld both
1 .
In ? AN ~ \1/2 B ‘ sides
Ring . \ : L——1/2 B
asket 0.7t min. . Use any suitable i
9 12¢
shown type of gasket
(b) (d)

(2) Theheadradius L or the knuckle radius r shallnot
exceed the limitations given in HG-305.

(3) The flange shall comply at least with the require-
ments of Section VIII, Division 1, Mandatory Appendix 2,
Figure 2-4 and shall be designed in accordance with the
provisions of Section VIII, Division 1, Mandatory Appendix
2, 2-1 through 2-7. (Within the range of ASME B16.5, the
flange facings and drillings should cénform to those stan-
dards and the thickness specified therein shall be consid-
ered as a minimum requirement.)

(b) Heads of the Type Shown in Figure HG-309, Sketch
(b). (No joint efficiency factor is required.)

T = 06 |2
S

B(A + B)(C — B)
A - B

NOTE: The radial components of the membrane load in the
spherical segment are assumed to be resisted by its flange.
Within the range of ASME B16.5, the flange facings and drillings
should conform to those standards, and the thickness specified
herein shall be considered as a minimum requirement.

(c) Heads ofthe Type Shown in Figure HG-309, Sketch (c).
(No joint efficiency factor is required.)
(1) Head thickness

(1) Head thickidess = L

SPL 6S
6S (2) Flange thickness for ring gaskets shall be calcu-

. lated as follows:
@) [ g)laE§$ E?é;k;l::ie: (-a) For heads with round bolting holes,
V(A + B T=Q+ 1.875M,(C + B) )
= S_BA—B SB(7C — SB)
(-b) For full-face gasket, where
PL [ c+ B ] 2)
~ 7 4s|7c - sB]

10
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(-b) For heads with bolting holes slotted through
the edge of the head,

(d) The thickness of the furnace wall shall be deter-
mined by the use of the rules of HG-312.3. External pres-

(21)

_ 1.875M,(C + B) 3)
r=Q+ \/ SB(3C — SB)
where
C+ B
= = (4
Q 4S[3C - B]

(3) Flange thickness for full-face gaskets shall be
calculated by the following equation:

3BQ(C - B)
L

:Q+\/Q2+ ©)

The value of Q in eq. (5) is calculated by eq. (2)(-a)(2)
for round bolting holes or by eq. (2)(-b)(4) for bolting
holes slotted through the edge of the head.

(4) Therequired flange thickness shall be T as calcu-
lated in (2) or (3) above, but in no case less than the value
of t calculated in (1) above.

(d) Heads of the Type Shown in Figure HG-309, Sketch
(d). (No joint efficiency factor is required.)
(1) Head thickness

_ SR
6S
(2) Flange thickness
T =F + F* + ]
where
o _ BV — B
8S(A — B)
and
- )
SBJ\A — B

HG-312 CYLINDRICAL PARTS UNDER
EXTERNAL PRESSURE

HG-312:1 Plain Type Furnaces. Plain furnaces that
are complete cylinders shall conform to the following:

(a)<The thickness of the furnace wall shall be not less
than-7 in. (5 mm) except alloy steel plates listed in
Section II, Part D, Table 6A shall be not less than 3/32 in.
(2.5mm).

(b) The design temperature of the furnace shall be not
less than the mean expected wall temperature.

(c) Furnaces shall be rolled to a circle, with a maximum
deviation from the true circle of not more than

surechartsforuseindeterminineminimumreguirements
o 1

are givenin Section II, Part D, Subpart 3. Figure numbers in
this Article are contained in that Subpart. The symbols
defined as follows are used in the formulas of this
paragraph:

A = factor determined from Section II, Part D, Subpart
3, Figure G and used to enter the applicable mate-
rial chart in Section II, Part D, Subpart-3
factor determined from the applicable material
chart in Section II, Part D,\Subpart 3 for
maximum design, metal temperature [see (b)]
outside diameter of furmace
design length of plain furnace taken as the distance
from center to center of weld attachment, in.;
design length of nig reinforced furnace section,
taken as the _greatest center-to-center distance
between any.two adjacent stiffening rings; or
the distdnee from the center of the first stiffening
ring to'the center of the furnace weld attachment,
in.“l case a flared-end assembly is used, the
distance shall be measured to the point of tangency
between the flare and the furnace and the adjacent
stiffening ring.
design pressure
minimum required wall thickness of furnaces

HG-312.3 Procedure for Determining Wall
Thickness of Plain Furnaces and Tubes. The
required wall thickness of the furnace and tubes shall
be not less than determined by the following procedure:

Step 1. Assume a value for t. Determine the ratio L/D,
and D,/t.

Step 2. Enter SectionII, Part D, Subpart 3, Figure G at the
value of L/D, determined in Step 1. For values of
L/D, greater than 50, enter the chart at a value of L/D,,
=50. For values of L/D, less than 0.05, enter the chartata
value of L/D, = 0.05.

Step 3. Move horizontally to the line for the valueof D, /t
determined in Step 1. Interpolation may be made for inter-
mediate values of D,/t. From this point of intersection,
move vertically downward to determine the value of
factor A.

Step 4. Using the value of A calculated in Step 3, enter
the applicable material chartin Section I, Part D, Subpart 3
for the material under consideration. Move vertically to an
intersection with the material/temperature line for the
design temperature.

Step 5. From the intersection obtained in Step 4, move
horizontally to the right and read the value of factor B.

Step 6. Using this value of B, calculate the value of the

Y, in. (6 mm).

11

maximum allowable external working pressure P, using
the following equation:
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B
D/t

a

Figure HG-312.4
Acceptable Type of Ring-Reinforced Furnace

Step 7. Compare P, with P. If P, is less than P, a greater
value of t must be selected or a smaller value of L or some
combination of both to increase P, so that it is equal to or
greater than P. (An example is included in Nonmandatory
Appendix C.)

HG-312.4 Ring Reinforced Type Furnace. Ring
reinforced furnaces as shown in Figure HG-312.4 may
be constructed with completely circular stiffening rings
provided

(a) the stiffening ring is rectangular in cross section
and is fabricated from one piece of plate, or from plate
sections or bars provided full-penetration welds are
used in assembling.

(b) the stiffening ring after fabrication has a thickness
of not less than % in. (8 mm) and not more than 13/ ¢ in.
(21 mm) and in no case thicker than 1% times the furnace
wall.

(c) the ratio of height of the stiffening ring to its thick-
ness (H,/T,) is not over eight nor less than three.

(d) the stiffening ring is attached to the furnace by a full
penetration weld as shown in Figure HG-312.4.

(e) the thickness of the furnace wall is a minimum of
Y, in. (6 mm).

(f) thedesigntemperature of the furnace shall be taken
as 500°F (260°C).

(g) the boiler design permits replacement of the
furnace. A flared or welded OG-ring may be accepted
as meeting this requirement. (See Figure HG-312.4.)

(h) the thickness of the furnace wall or tube walkand
the design of stiffening rings are determined by-thé-proce-
dure contained in HG-312.3, Steps (1) through (7). L is as
defined in HG-312.1. The symbols defined in/HG-312.1 are
used in the design formula. HG-312.3, Steps (1) through
(7) shall apply.

(i) therequired moment of inertia of a circumferential
stiffening ring shall not be lessithan determined by the
following formula:

A
DDZL(t + —S)A
L
=
14
where
Ag=r‘cross-sectional area of the stiffening ring,

in.? (mm?)

required moment of inertia of the stiffening ring
about its neutral axis parallel to the axis of the
furnace, in.* (mm*)

D/ nu’ and-t are as defined-in HG-312 1

~ T
T

/\
v
P i

Alternate end assemblies

Full penetration continuous
weld both sides of rings

Y.

LN

1

HG-312.5, Procedure for Determining Moment of
Inertia of Stiffening Rings. The moment of inertia for a
stiffening ring shall be determined by the following
procedure.

Step 1. Assuming that the furnace has been designed
and D,, L, and t are known, select a rectangular
member to be used for a stiffening ring and determine
its area A, and its moment of inertia I. Then calculate
B by the following formula:

where B is as defined in HG-312.1. P, D,, t, A, and L are
defined above.

Step 2. Enter the right-hand side of the applicable mate-
rial chart in Section II, Part D, Subpart 3 for the material
under consideration at the value of B determined in Step 1.

Step 3. Follow horizontally to the material line.

Step 4. Move down vertically to the bottom of the chart
and read the value of A.

Step 5. Compute the value of the required moment of
inertia I from the formula given above.

Step 6. If the required I, is greater than the moment of
inertia I for the section selected in Step 1, a new section
with alarger momentof inertia mustbe selected and anew
I; determined. If the required I; is smaller than [ for the
section selected by Step 1, that section should be satisfac-
tory. (An example is included in Nonmandatory

12

Appendix C.)
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HG-312.6 Corrugated Furnaces. The design pres-

sure of corrugated furnaces, such as the Leeds suspension
Ll N

nnnnnnnnnnn

HG-312.7 Combination Type Furnaces.

Combination type furnaces for external pressure may

portions at the ends not exceeding 9 in. (225 mm) in
length shall be computed as follows:

P Ct/D

where

17,300 psi (119000 kPa), a constant for Leeds

furnaces, when corrugations are not more than

8in. (200 mm) from center to center and not

less than 2% in. (57 mm) deep

= 15,600 psi (108 000 kPa), a constant for Morison
furnaces, when corrugations are not more than 8 in.
(200 mm) from center to center and the radius of
the outer corrugation is not more than one-half of
the suspension curve

= 14,000 psi (96 500 kPa), a constant for Fox furnaces,
when corrugations are not more than 8 in.
(200 mm) from center to center and not less than
1% in. (38 mm) deep

= 14,000 psi (96500 kPa) a constant for Purves
furnaces, when rib projections are not more
than 9 in. (225 mm) from center to center and
not less than 1% in. (35 mm) deep

= 14,000 psi (96500 kPa) a constant for Brown

furnaces, when corrugations are not more than

9in. (225 mm) from center to center and fiot

less than 1% in. (41 mm) deep

D = mean diameter, in. (mm)
P = design pressure, psi (kPa)
t = thickness, in. (mm), not less than %58 mm) for

Leeds, Morison, Fox, and Brown, and not less than
7/16in. (11 mm) for Purves and other furnaces corru-
gated by sections not over 18"in. (450 mm) long

(a) In calculating the mean diameter of the Morison
furnace, the least inside.diameter plus 2 in. (50 mm)
may be taken as the mgan-diameter.

(b) The longitudinal and circumferential joints shall be
fusion welded of the‘double-welded butt type.

(c) The thicknéss of a corrugated or ribbed furnace
shall be ascertained by actual measurement by the
furnace manufacturer, by gaging the thickness of the
corrugated portions. If a hole is drilled through the
sheet\to’ determine the thickness, the hole shall be not
nfore than % in. (10 mm). When the furnace is installed,
this hole shall be located in the bottom of the furnace and
closed by a threaded plug. For the Brown and Purves
furnaces, the hole shall be in the center of the second
flat from the boiler front; for the Morison, Fox, and
other similar types, in the center of the top corrugation,

be-constructed-by-—combiningaplain—eireunlarsection
and a corrugated section provided

(a) each type of furnace is designed to be self-
supporting, requiring no support from the other
furnace at their point of connection.

(b) HG-312.1and HG-312.3 shall be used for calculating
the design pressure of the plain section; in applying the
length in the text, or L in the formulas, the length.ised shall
always be twice the actual length of the plainrsection; the
actual length of plain section is the distance measured
from the center line of the head attachment weld to
the center line of the full penetration weld joining the
two sections.

(c) the design pressure of.the‘Corrugated section shall
be determined from HG-3126.

(d) the full penetration weld joining a plain self-
supporting section_to a corrugated self-supporting
section shall be loecated as shown in Figure HG-312.7.

HG-312.8 Semicircular Furnaces or Crown
Sheets Subjected to External Pressure. Unstayed
furnaceS,or crown sheets where the top portion is semi-
circularand the unstayed portion does not exceed 120 deg
in_are shall conform to the following.

(a) The thickness of the semicircular furnace or crown
sheet shall be not less than % in. (8 mm).

(b) The design temperature of the semicircular furnace
or crown sheet shall be taken as 500°F (260°C).

(c) Semicircular portions of the furnace or crown sheet
shall be rolled to practically a true circle, with a maximum
deviation from the true circle of not more than Y,
in. (6 mm).

(d) The allowable working pressure of the semicircular
furnace or crown sheet shall be not more than 70% of P, as
computed from the procedure outlined in HG-312.1 and
HG-312.3 and using the applicable chart.

(e) Bar Reinforcement

(1) Bar reinforcement, when required to reduce the
effective furnace length L, shall be computed using the
formulas in HG-312.5 and HG-312.4.

Figure HG-312.7
Connection Between Plain and Corrugated Furnace

'n—»— Max. 3 t, or 11/2in. (35 mm)
3 (whichever is less)

Z

A

at [east as far i as the fourth corrugation from the {ront
end of the furnace.

13

[

Point of tangency
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Figure HG-312.8
Acceptable Type of Semicircular Furnace Reinforcement

Wrapper
»ﬁ Tf
Full penetration continuous weld- ! *'_
both sides of bar reinforcement H,
Crown
sheet p/2 + 2 in. (50 mm)
v’ A A
t I i
e——— L —>h L—>
|

—

(2) Bar reinforcement shall be fabricated and
installed as shown in Figure HG-312.8.

(3) Bar reinforcement, after fabrication, shall have a
thickness of not less than % in. (8 mm) and not more than
13/ 6 in. (21 mm) and in no case thicker than 1Y, times.the
wall section of the semicircular portion.

(4) The ratio of height of the bar reinforcement to its
thickness H,/T, shall be not more than eight net\less than
three.

(f) For unstayed furnaces or crown sheets, where the
top portion is semicircular and the unstayed portion
exceeds 120 deg in arc, that portion-exceeding the 120
deg arc shall be stayed as a, flatplate in accordance
with HG-340.

(g) For unstayed firebox boiler wrappers or shells,
where the top portion is'semicircular, the required thick-
ness shall be in accordance with HG-301. The maximum
distance between thé tangent of the semicircular top and
the first stay in the flat side shall be a maximum of p/2
+ 2in. (50 mm) as shown in Figure HG-312.8, where p is
the maximum allowable pitch calculated in accordance
with HG~340.1(a).

HG-320 OPENINGS IN BOILERS, GENERAL
REQUIREMENTS? 4

HG-320.1 Shape of Openings.’ Openings in cylin-

twice\the short dimension, the reinforcement across
théshort dimension shall be increased as necessary to
provide against excessive distortion due to twisting
moment.

HG-320.2 Size of Openings. While openings in cy-
lindrical and spherical shells are not limited as to size
provided they are adequately reinforced, the rules
given herein for reinforcement are intended to apply
to openings not exceeding the following dimensions:

(a) for boilers 60 in. (1500 mm) in diameter and less:
one-halfthe boiler diameter but not over 20 in. (500 mm).

(b) forboilers over 60 in. (1500 mm) in diameter: one-
third the boiler diameter, but not over 40 in. (1000 mm).

(c) larger openings should be given special attention
and may be provided with reinforcement in any suitable
manner that complies with the intent of the Code rules. Itis
recommended that the reinforcement provided be distrib-
uted close to the opening. (A provision of about two-thirds
of the required reinforcement within a distance of one-
fourth of the nozzle diameter on each side of the finished
opening is suggested.) Special consideration should be
given to the fabrication details used and the inspection
employed on critical openings; reinforcement often
may be advantageously obtained by use of a thicker
shell plate for a boiler course or inserted locally
around the openings; welds may be ground to concave
contour and the inside corners of the opening rounded

dl il.dl, bp‘llﬂl iLdl, Ul LUlliLdl pUl LiUllb Uf‘UUilUl S Ul ill fUl llltfl.,‘l
heads shall preferably be circular, elliptical, or obround®
except as otherwise provided in HG-320.2. When the long
dimension of an elliptical or obround opening exceeds

14

to a generous radius to reduce stress concentrations.
Appropriate proof testing may be advisable in extreme
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cases of large openings approaching full boiler diameter,
openings of unusual shape, etc.

Three significant figures shall be employed for the vari-
ables in the equation and in the resulting value of d.

(21)

HG-320.3 Strength and Design of Finished
Openings.

(a) Allreferences to dimensions in this and succeeding
paragraphs apply to the finished construction after adjust-
ment has been made for any material added as corrosion
or other allowance. For design purposes, no metal added
as corrosion or other allowance may be considered as re-
inforcement. Reinforcement shall be provided to satisfy
the requirements of HG-321 for all openings except as
otherwise provided in (b), (c), and (d) below.

(b) Openings in a definite pattern, such as tube holes,
may be designed in accordance with the rules for liga-
ments in HG-350 provided the diameter of the largest
hole in the group does not exceed that permitted by
the equation in (d).

(c) No calculations need be made to determine the
availability of reinforcement for single openings in
boilers not subject to rapid fluctuations in pressure or
temperature and in which the outside diameter of the
opening does not exceed one-fourth of the inside diameter
of the boiler, provided the diameter of the finished
opening as defined in HG-321.2 does not exceed the
following sizes:

(1) NPS 2 (DN 50) for welded connections in boiler
walls over % in. (10 mm) thick and for all threaded)
studded, or expanded connections

(2) NPS 3 (DN 80) for welded connections imnboiler
walls % in. (10 mm) thick and under

(d) No calculations need be made to demonstrate
compliance with HG-321 for single *openings not

Additional cigniFir‘anf Fignrnc are pnrmiﬂ'nﬂ but not

required. K as used in the equation is limited to a
maximum of 0.990.

HG-321 REINFORCEMENT REQUIRED FOR
OPENINGS IN SHELLS AND FORMED
HEADS

HG-321.1 General. The rules in this $ubparagraph
apply to all openings other than openihgs in a definite
pattern covered by HG-320.3(b), opénings covered by
HG-320.3(c) and HG-320.3(d), flanged-in openings in
formed heads covered by HG-323,"and openings in flat
heads covered by HG-325.

Reinforcement shall be ‘pfovided in such amount and
distribution that the requirements for area of reinforce-
ment are satisfied for.all planes through the center of the
opening and normal'to the boiler surface. For a circular
opening in a cylindrical shell, the plane containing the axis
ofthe shell isthe plane of greatestloading due to pressure.

HG-321.2 Design for Internal Pressure. The total
cross=sectional area of reinforcement A required in any
given plane for a boiler under internal pressure shall
bé not less than

A= dF + w4 F(1 - f,)
where

the diameter in the given plane of the finished
opening (as depicted in Figure HG-326.1)

covered in (c) when either the diameté&r of the opening F= a cor.rectlon factor that compepsates for the varia-
in the shell or header does not excéed that permitted tion in pressure st'resses on different planes with
in the following equation or the calculated K value is respect to the axis of a v.essel..A value of 1.00
less than 50%. shall be used for all configurations except that
Figure HG-321 may be used for integrally rein-
(U.S. Customary Units) forced openings in cylindrical shells.
t, = the required thickness of a seamless shell or head
d=275 [DH(1 — K)]l/3 computed by the rules of the Code for the desig-
nated pressure except that
(SI Units) . (a) When the opening and its rei.nforcer.nept are
in a torispherical head and are entirely within the
d = 8.08[Dt(1 — K)]l/3 spherical portion, t, is the thickness required for a
seamless hemispherical head of the same radius as
where that of the spherical portion
(b) when the opening is in a cone, t, is the thick-
D = outer diameter of the shell, in. (mm) ness required for a seamless cone of diameter D
d = maximum allowable diameter of opening, in. (mm) measured where the nozzle axis pierces the
K = PD/2St inside wall of the cone
P = design pressure (c) when the opening and its reinforcement are
S — maximum allowable stress value taken from in-an—-elipseidal - head-and-arelocated—entirely

Section II, Part D, Table 6A or Table 6B
nominal thickness of the shell, in. (mm)

~
1]

15

et

within a circle the center of which coincides
with the center of the head and the diameter of
which is equal to 80% of the shell diameter, ¢, is
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Figure HG-321
Chart for Determining Values of F

the thickness required for a sphere of radius K;D

where D is the shell diameter and K; is given by
Table HG-321

(21)

1.00

0.95 AV

0.90 \C

0.85

’f

0.80

=

Value of F
o
g
o

0.70

A

0.65

0.60 \

0.55

0.50

0 10 20 30 40 50 60 70 80\ 90
Angle of plane with longitudinal axis, deg

Table ‘HG-321
Values of Spherical Radius Factor K;

D/2d K. D/2d K,
3.0 1.36 1.8 0.81
2.8 1.27 16 0.73
2.6 1.18 1.4 0.65
2.4 1.08 1.2 0.57
2.2 0.99 1.0 0.50
2.0 0.90

GENERAL NOTES:
(a) Equivalent Spherical Radius = K;D; D/2d = axis ratio.

HG-323 FLANGED-IN OPENINGS IN FORMED
HEADS

HG-323.1 Reinforcement Requirements. Flanged-
in openings in torispherical, ellipsoidal, and hemispherical
heads shall be provided with reinforcement in.accerdance
with HG-321, except for heads that meet the fequirements
in HG-323.2, HG-323.3, and HG-323.4.

HG-323.2 Restrictions on Location. The flanged-in
opening and its reinforcement shall' b€ entirely within the
spherical portion of torisphetical heads, and within a
circle the center of which coincides with the center of
the head and the diameter of which equals 80% of the
shell diameter for ellipsoidal and hemispherical heads.
The center line of the opening shall not be closer to
the above boundary circle than the diameter of the
opening.

HG-323.3 Minimum Thickness Requirements of
Flanged-In Openings.

fa) For flanged-in openings that do not exceed
6 in. (150 mm) in any dimension and for flanged-in open-
ings of any dimension that are stayed by an attached flue,
the thickness of the head shall not be less than that
required by HG-305 for a blank head, nor less than
that required by HG-305 for torispherical heads.

(b) For unstayed flanged-in openings that exceed
6in. (150 mm) in any inside dimension, the head thickness
shall be increased 15% but not less than % in. (3 mm)
greater than that required by (a) above.

HG-323.4 Minimum Flange Depth. The minimum
depth of flange of a flanged-in opening, when not stayed by
an attached flue, shall equal 3¢ or (¢ + 3) in., whichever is
less, where t is the required head thickness. The depth of
flange shall be determined by placing a straightedge
across the outside of the opening along the major axis
and measuring from the straightedge to the edge of
the flanged opening.

HG-323.5 Minimum Gasket Bearing Surface. The
minimum width of bearing surface for a gasket on a
flanged-in manhole opening shall be 'Y in. (17 mm).

HG-325 REINFORCEMENT REQUIRED FOR
OPENINGS IN FLAT HEADS

Interpolation Permitted for Intermediate Values.

(b) D = inside length of major axis, in. (mm).

(c) d = inside depth of ellipsoidal head measured from the tangent
line, in. (mm).

HG-325.1 General. The rules in this paragraph apply
to all openings other than small openings covered by
HG-320.3(c).
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HG-325.2 Specific Requirements. Flat heads that

have an opening with a diameter that does not exceed
1€ ofF +1 L

within the limits of reinforcement specified in HG-326.2
and HG-326.3 and shall be limited as set forth in (b), (c),

orehalefthe headdiameterershertestspan—as
defined in HG-307, shall have a total cross-sectional
area of reinforcement not less than that given by the
formula:

A = 0.5dt

where

d
t

diameter of the finished opening
minimum required thickness of plate

As an alternative, the thickness of flat heads may be
increased to provide the necessary opening reinforcement
as follows:

(a) in eq. HG-307.2(b)(1) or eq. HG-307.3(a)(3) by
using 2C or 0.75 in place of C, whichever is less.

(b) in eq. HG-307.2(b)(2) or eq. HG-307.3(b)(5) by
doubling the quantity under the square root sign.
Except for the types of construction shown in Figure
HG-307, sketches (j) and (k), the value of 2C to be
used in the equations need not exceed 0.75.

HG-326 LIMITS OF METAL AVAILABLE FOR
REINFORCEMENT

HG-326.1 Designation of Limits of
Reinforcement. The boundaries of the cross-sectional
area in any plane normal to the boiler shell’and
passing through the center of the openingswithin
which area metal must be located in order’to have
value as reinforcement are designated as thellimits of re-
inforcement for that plane.

HG-326.2 Limits of Reinforcement Parallel to
Boiler Shell. The limits of reinforcement, measured
parallel to the boiler shell, shall be at a distance, on
each side of the axis of the opening, equal to the
greater of the following:

(a) the diameter of the finished opening

(b) theradius of the finished opening plus the thickness
of the boiler shéll) plus the thickness of the nozzle wall

HG-326.3 Limits of Reinforcement Normal to
Boiler Shell. The limits of reinforcement, measured
normal to the boiler shell, shall conform to the contour
of the'surface at a distance from each surface equal to
thé smaller of the following:

(a) 2%, times the nominal shell thickness

(b) 2%, times the nozzle wall thickness, plus the thick-
ness of any added reinforcement, exclusive of weld metal
on the side of the shell under consideration

(21)

() and () below (see Ficure HG-326.2)
A\ 2 A ) AN o J

(a) Notation. The symbols used in this paragraph are
defined as follows:

A1 = areainexcess thicknessin the boiler shell available
for reinforcement
A, = areainexcess thicknessinthe nozzle wall available

for reinforcement
D, = outside diameter of reinforcing elément (actual
size of reinforcing element niay exceed the
limits of available reinforcement established by
HG-326; however, credit-cannot be taken for
any material outside these limits)
diameter in the plane under consideration of the
finished openingCfsee HG-321.2 and Figure
HG-326.1)
1 when an opehingis in the solid plate or when the
opening passes through a circumferential jointin a
shell or ‘cene (exclusive of head-to-shell joints)
= the joint efficiency obtained when any part of the
opening passes through any other welded joint
factor F from HG-321.2 and Figure HG-321
f~==strength reduction factor, not greater than 1.0 (see
HG-327.1)
fi1 = S,/S, for nozzle inserted through the vessel wall
= 1.0 for nozzle wall abutting the vessel wall [see
Figure HG-326.1 sketches (a-1), (a-2), and (a-3)]
Sn/Sy
(Iesser of S, or S,)/S,
Sp/S,
distance nozzle projects beyond the inner surface
of the vessel wall (extension of the nozzle beyond
the inside surface of the vessel wall is not limited;
however, for reinforcement calculations the
dimension shall not exceed the smaller of 2.5t
or 2.5t, without a reinforcing element and the
smaller of 2.5t or 2.5¢, + t. with a reinforcing
element or integral compensation)
inside radius of the nozzle under consideration
maximum allowable stress value taken from
Section II, Part D, Table 6A or Table 6B
allowable stress in nozzle (see S above)
S, = allowable stressinreinforcing element (plate) (see
S above)

frz =
fr3 =
fr4=

HG-326.4Use of Excess Boiter Shettand Other
Thicknesses. Metal that may be included as contributing
to the area of reinforcement required by HG-321 shall lie

17

S, = allowable stress in vessel (see S above)
t = nominal thickness of the boiler shell

t. = thickness of attached reinforcing pad or height of
the largest 60 deg right triangle supported by the
vessel and nozzle outside diameter projected
surfaces and lying completely within the area of
integral reinforcement (see Figure HG-326.1)

t, = nominal thickness of nozzle wall

t, = required thickness of a seamless shell or head as

defined in HG-321



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2021.pdf

ASME BPVC.IV-2021

Figure HG-326.1

Some Representative Configurations Describing the Reinforcement Dimension, t., and the Finished
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t,, = required thickness of a seamless nozzle wall

(b) Metal in the Boiler Shell Over and Above the

(c) the strength of the attachment joint shall be consid-
ered for its entire length on each side of the plane of the

area-of reinforcement defined-in HG-326.1. For cbround

Thickness Required to Resist Pressure. The area of the
boiler shell available as reinforcement that shall be
used is the larger of the values of A, given by the equations
in Figure HG-326.2.

(c) Metal in the nozzle wall over and above the thick-
nessrequired to resist pressure in that part of a nozzle wall
extending outside the boiler shell. The maximum area in
the nozzle wall available as reinforcement in the portion
extending outside the boiler shell is the smaller of the
values of A, given by the equations in Figure HG-
326.2. All metal in the nozzle wall extending inside the
boiler shell, designated as A3 in Figure HG-326.2, may
be included. No allowance shall be taken for the fact
that a differential pressure on an inwardly extending
nozzle may cause opposing stress to that of the stress
in the shell around the opening.

(d) Metal in the attachment welds, designated as A4 in
Figure HG-326.2, may be included.

(e) Metal added as reinforcement, designated as 4s in
Figure HG-326.2, may be included.

HG-327 STRENGTH OF REINFORCEMENT

HG-327.1 Strength of Nozzle and Added
Material. Material in the nozzle wall and added material
used for reinforcement shall preferably be the same as that
of the boiler shell, but if material with a lower allowable
stress value is used, the area provided by such material
shall be increased in proportion to the inverse ratio of the
allowable stress values of the reinforcement and the boiler
shell material. No advantage may be taken of the increased
strength of reinforcement material having a‘higher allow-
able stress value than the material @f the boiler shell.
Deposited weld metal outside of either the boiler shell
or any reinforcing pad used as\reinforcement shall be
credited with an allowable stress value equivalent to
the weaker of the materials connected by the weld.
Boiler-to-nozzle or pad-to-nozzle attachment weld
metal within the pad'may be credited with a stress
value equal to that,of the boiler shell or pad, respectively.

HG-327.2 ‘Strength of Attachment Material. On
each side-of-the plane defined in HG-326.1, the strength
of thesattachment joining the boiler shell and reinforce-
mentor‘any two parts of the attached reinforcement shall
be‘at least equal to the smaller of

(a) the strength in tension of the cross section of the
element of reinforcement being considered.

(b) the strength in tension of the area defined in
HG-321 less the strength in tension of the reinforcement
area that is integral in the boiler shell as permitted by

openings, consideration shall also be given to the strength
of the attachment joint on one side of the plane transverse
to the parallel sides of the opening that passes through the
center of the semicircular end of the opening.

HG-328 REINFORCEMENT FOR MULTIPLE
OPENINGS

HG-328.1 When Limits of Reinforcement

Overlap. When any two adjacent openings are spaced
at less than two times their average diameter so that
their limits of reinforcement overldp, the two openings
(or similarly for any larger groifp of openings) shall be
provided with reinforcement in accordance with
HG-321 with a combined reinforcement that has a
strength equal to the dombined strength of the reinforce-
ment that would be required for the separate openings. No
portion of the cross’section shall be considered as applying
to more thari@ne opening or be evaluated more than once
in a combined area.

HG-328.2 Combined Reinforcement for Multiple
Qpenings. When more than two adjacent openings are to
bé provided with a combined reinforcement, the
minimum distance between centers of any two of
these openings shall preferably be at least 1'% times
their average diameter, and the area of reinforcement
between them shall be at least equal to 50% of the
total required for these two openings.

(a) Two adjacent openings as considered under
HG-328.2 shall have a distance between centers not
less than 1'% times their average diameter.

(b) In lieu of providing reinforcement for individual
openings, reinforcement may be provided for any
number of closely spaced adjacent openings, in any
arrangement, by providing reinforcement for an
assumed opening of a diameter enclosing all such
openings.

(c) When a group of openings is provided with rein-
forcement by a thicker section butt welded into the
shell or head, the edges of the inserted section shall be
tapered as prescribed in HW-701.1.

HG-328.3 When Reinforcing Each of a Series of
Openings Is Impractical. When there is a series of tube
openings in a boiler and it is impractical to reinforce each
opening, the construction will be acceptable provided the
ligaments between openings are calculated by the rules
given in HG-350.

HG-326.4.

19
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Figure HG-326.2
Nomenclature and Formulas for Reinforced Openings
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For nozzle wall inserted through the vessel wall —|

Without Reinforcing E

H_/

Use larger value

< For nozzle wall abutting the vessel wall

lement

= A = dt, F+ 2tyt, F(1 - ) Area required
, d(Eqt - Ft)) — 2t, (Eqt— Ft,) (1 - fpq) . .
] = Aq = ! ! n = ! n Area available in shell; use larger value
2(t + tn) (E1t— Ft,—) - 2tn (E1l’— Ftr) (1- fr1)
< 5(t, — tp) fpt Area available in nozzle projecting
PNN\N\Y = Ay { = Blty— t,) footy outward; use smaller value
B = A3 = 2t,fph Area available in inward nozzle
A B = Ayq = outward nozzle weld = (leg)2f,» Area available in outward weld
q V = Asz = inward nozzle weld = {(leg)?f,, Area available in inward weld
IfA1+ Ay + A3+ Ag1 + Ag3> A Opening is adequately reinforced
If A1+ Ay + A3+ Ag1 + Ag3< A Opening is not adequately reinforced so
reinforcing elements must be added
and/or thickness must be increased
With Reinforcing Element Added
A =+same as A above Area required
Aq (=)same as Aq above Area available
A _ 5(ty =ty frat Area available in nozzle projecting
27 2(ty - tpp) (2.5t + to) frp outward; use smaller area
A3z = same as Az above Area available in inward nozzle
A g = Ay = outward nozzle weld = (leg)2f 3 Area available in outward weld
A B = Ay = outerelementweld = (leg)2fyy Area available in outer weld
‘q V = A3 = inward nozzle weld = (leg)2f,, Area available in inward weld
@ = As = (Dp-d-2ty) te frg [Note (1)] Area available in element

|fA1+A2+A3+A41+A42+A43+A5>A

GENERAL NOTE: This figure illustrates a common nozzle configuration and is not intended to prohibit other configurations permitted by the

code.

Opening is adequately reinforced

NOTE: (1) This formula is applicable for a rectangular cross-sectional element that falls within the limits of reinforcement.

20



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2021.pdf

ASME BPVC.IV-2021

HG-330 INSPECTION AND ACCESS OPENINGS

(b) Aboiler of the scotch type shall have a handhole or
washout plug in the fronthead below or on each side of the

HG-330.1 General Inspection Openings.

(a) Allboilers shall be provided with suitable manhole
openings and handhole or washout plug openings to
permit inspection and removal of accumulated sediment.

(b) Electric boilers of a design employing a removable
cover that will permit access for inspection and cleaning
and having an internal gross volume (exclusive of casing
and insulation) of not more than 5 ft* (0.14 m®) need notbe
fitted with washout or inspection openings.

Electric boilers equipped with immersion type resis-
tance elements not provided with a manhole shall have
an inspection opening or handhole located in the lower
portion of the shell or head. The inspection opening
shall not be smaller than NPS 3 (DN 80). In addition, elec-
tric boilers designed for steam service shall have an
inspection opening or manhole at or near the normal
waterline.

(c) Furnaces of internally fired boilers shall be
provided with access doors as required by HG-330.5.

HG-330.2 Manholes. A manhole shall be placed in
the front head below the tubes of a horizontal-return
tubular boiler 60 in. (1500 mm) or over in diameter.
There shall be a manhole in the upper part of the
shell, or in the head of a firetube boiler over 60 in.
(1500 mm) in diameter, exceptina vertical firetube boilet

HG-330.3 Size of Manholes and Gasket Sutfaces.

(a) An elliptical manhole opening shall notbe'less than
12 in. x 16 in. (300 mm x 400 mm) in sjzé:

(b) A circular manhole opening shall‘\not be less than
15in. (380 mm) in diameter.

(c¢) The minimum width of bearing'surface for a gasket
on a manhole opening shall be:*¥¢ in. (17 mm).

(d) No gasket for use on @axmanhole or handhole of any
boiler shall have a thickness’greater than % in. (3 mm)
when compressed.

HG-330.4 Handholes and Washout Plugs.

(a) Boilers,of the locomotive or firebox type, except
those set\in’brick or otherwise so constructed as to
rendet Such openings inaccessible, shall have one hand-
hole.or washout plug near each corner in the lower part of
thé'waterleg and at least one opening near the line of the
crown sheet. In addition, boilers designed for steam
service shall have at least one inspection opening
above the top row of tubes. This inspection opening
shall be a minimum of NPS 3 (DN 80) or a handhole
as specified in (f) below and used solely for inspection

furnace oronecach side of the shell near the front head.a
T

handhole or washout plug in the bottom of the shell, an
opening to inspect the top of the furnace and an inspection
opening above the top row of tubes. This inspection
opening shall be a minimum of NPS 3 (DN 80) or a hand;
hole as specified in (f) below and used solely for inspection
purposes. Scotch marine boilers (wet-back type) shallalso
have an opening for inspection of the water space at the
rear of the combustion chamber.

(c) Vertical firetube or similar type boilers having
gross internal volume (exclusive of casing and insulation)
more than 5 ft* (0.14 m®) shall haveat least three hand-
holes or washout plugs in the lower'part of the waterleg
and at least two handholes or Washout plugs near the line
of the lower tubesheet. Such-boilers having gross internal
volume not over 5 ft* (0,24 m?) shall have at least two
washout openings.in the lower part of the waterleg
and at least one . washout opening near the line of the
lower tubeshéet/In addition, boilers designed for
steam service shall have at least one inspection
opening aboye the lowest permissible water level. This
inspection opening shall be a minimum of NPS 3 (DN
80).0ra handhole as specified in (f) below and used
selely for inspection purposes.

(d) Washout plugs shall be not smaller than NPS 1%
(DN 40) for boilers having gross internal volume more
than 5 ft* (0.14 m?). Washout plugs shall be not
smaller than NPS 1 (DN 25) for boilers having gross
internal volume not more than 5 ft3 (0.14 m®).

(e) Washout openings may be used for return pipe
connections and the washout plug placed in a tee so
that the plug is directly opposite and as close as possible
to the opening in the boiler.

() A handhole opening shall not be less than 2%, in. x
3% in. (70 mm x 89 mm) but it is recommended that,
where possible, larger sizes be used.

HG-330.5 Access Doors.

(a) A fire door or other access not less than 11 in. x
15in. (280 mm x 380 mm) or 10 in. x 16 in. (250 mm
x 400 mm) or 15 in. (381 mm) in diameter, shall be
provided for the furnace of an internally fired boiler in
that the least furnace dimension is 28 in. (711 mm) or
over. The minimum size of access door used in a
boiler setting shall be 12 in. x 16 in. (300 mm x 400
mm), or equivalent area, the least dimension being 11
in. (280 mm).

(b) Fuel Burning Equipment. Fuel burning equipment
may be installed in the fire door opening provided the
cover plate can be unbolted or unlatched to give full-

purposes.
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HG-330.6 Modular Boilers. Modular boilers that
are installed side by side, front to back, or by stacking

(b) When two flat stayed surfaces intersect at an angle
as shown in Figure HG-340.1, the pitch from the staybolt

(21)

1 o rdanca it £ o NI foctiianlc rmr-erndatiana
Hraccordanee-with-the- Mantfacturersrecommendations
shall have their inspection openings located so that they
are accessible.

HG-340 STAYED SURFACES

HG-340.1 Required Thickness and Design
Pressure.

(a) The required thickness and design pressure for
stayed flat plates and those parts that, by these rules,
require staying, as flat plates with stays or staybolts of
uniform cross section that are symmetrically spaced,
shall be calculated by the following equations:

t = pP/SC 1)
P = £2SC/p* 2

where
C = 2.7 for stays welded to plates or for stays screwed

through plates not over 7 in. (11 mm) in thickness,
with ends riveted over

= 2.8 for stays welded to plates or for stays screwed
through plates over 7 in. (11 mm) in thickness;
with ends riveted over

= 3.1 for stays screwed through plates and fitted with
single nuts outside of plate, or with inside and
outside nuts, omitting washers

= 3.5 for stays with heads not less than,1.3 times the
diameter of the stays screwed through plates, or
made a taper fit and having'the heads formed on
the stays before installing/them and not riveted
over, said heads being-made to have a true
bearing on the plate

= 4.0 for stays fitted'with inside and outside nuts and
outside washers\where the diameter of washers is
not less thaf 04p and thickness not less than ¢t

P = design préssure

p = maximum pitch measured between straight lines
pasSing through the centers of the stays in the
different rows, which lines may be horizontal,
vertical, or inclined

="radius of firebox corner

S = maximum allowable stress value given in Section II,
Part D, Table 6A or Table 6B

t = required thickness of plate

nearestto the intersectionto-the pninf of fﬂnﬂnnry ofthe
)

corner curve with the plate shall be
90t [CS
pBNP

where f is the angle shown in Figure HG-340.1. In the
application of this rule, § shall be limited to between
90 deg and 180 deg inclusive.

(c) When two plates are connected by stays and only
one of these plates requires staying, the value'of'C shall be
governed by the thickness of the plate requiring staying.

HG-340.2 Proportions of Through-Stays With
Washers Acceptable proportions for the ends of
through-stays with washers are indicated in
Figure HG-340.2.

HG-340.3 Maximum Pitch of Stays. The maximum
pitch shall be 8% in, (216 mm) except that for welded-in
stays the pitch may be greater provided it does not exceed
15 times the diameter of the stay.

HG-340.4"Unsymmetrical Staying. Where the
staying of shells is unsymmetrical by reason of the
constpuction, it is permissible to consider the load
cartied by each stay as that on the area calculated by
taking the distance from the center of the spacing on
one side of the stay to the center of the spacing on the
other side.

Figure HG-340.1
Pitch of Staybolts Adjacent to Upper Corners of
Fireboxes

le— p
7

t
¥
~N7 +
r[Note (1)]
Q ~
N
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NOTE: (1) Maximum r=p as calculated by HG-340.5; minimum r = 3t.
If the radius, r, exceeds the pitch, the curved plate shall be stayed as a
flat plate in accordance with HG-340.
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Figure HG-340.2
Acceptable Proportions for Ends of Through-Stays

HG-340.6 Allowable Pitch of Stays. The allowable
pitch for stays as given in Table HG-340 may be used in

Bla +ad der 1C 240 1

Not less than 2'/2
diameters of bolt as
measured on the out- i
side of the threaded 1.0
portion, but must be
0.4 pitch of stays
if C=4.0

'

Not less than 1/2 tif
C=3.5 or less, and not
less than tif C= 4.0

Y4\

HG-340.5 Stay Distance to Corner Joints,
Welded Joints, and Flanges.

(a) In the construction of a heating boiler designed for
not over 30 psi (200 kPa) and having welded joints, the
allowable distance from a corner-welded joint to the
nearest row of stays may be a full pitch as provided by
the formula in HG-340.1. A welded joint in a flat
surface shall be between two rows of stays that are
not over one pitch apart except that the type of joint
shown in Figure HG-340.3 shall have a row of stays
not more than one pitch from the weld.

(b) Inthe construction of heating boilers tobe designed
for water pressures above 30 psi (200 kPa);.corner joints
shall comply with the requirements oftHW-701.3.

(c) When the edge of a flat stayed plate is flanged, the
distance from the center of the outermost stays to the
inside of the supporting flanige shall not be greater
than the pitch of the stays plus the inside radius of the
flange.

Figure HG-340.3
Examples of Acceptable Corner Welds for Pressures
Not Over 30 psi

£irba ool ool PEEY han—th
place-of-thepitch—eatewlatedunderHG340-1—-when—the
allowable stress of the steel is 11,000 psi (76 MPa) or
greater.

HG-341 STAYBOLTS

HG-341.1 Threaded Staybolts. The edds of
staybolts extending through the plate shall extend
beyond the plate notless than two threads whefrinstalled,
after which they shall be riveted overfor upset by an
equivalent process without excessive scoring of the
plate, or they may be fitted with threaded nuts
through which the staybolt shall\éxtend. The outside
ends of solid staybolts 8 in’(200 mm) or less in
length, if of uniform diameter throughout their length,
shall be drilled with, telitale holes at least %4 in.
(5 mm) in diameter to a-depth extending at least % in.
(13 mm) beyond the.inside of the plate. If such staybolts
are reduced in section below their diameter at the root of
the thread, the telltale holes shall extend at least % in.
(13 mm) beyond the point where the reduction in
section{.commences. Hollow staybolts may be used in
placésef'solid staybolts with drilled ends. Solid staybolts
over8 in. (200 mm) long need not be drilled. Staybolts
used in waterlegs of watertube boilers shall be hollow
or drilled at both ends, in accordance with the require-
ments above stated, irrespective of their length. All
threaded staybolts not normal to the stayed surface
shall have not less than three engaging threads of
which atleast one shall be a full thread; but if the thickness
of the material in the boiler is not sufficient to give one full
engaging thread, the plates shall be sufficiently reinforced
on the inside by a steel plate welded thereto. Telltale holes
are not required in staybolts attached by welding.

HG-341.2 Staybolts Upset for Threading. The
ends of steel stays upset for threading shall be fully
annealed after upsetting.

HG-341.3 Staybolts Fitted With Nuts. The ends of
staybolts fitted with nuts shall not be exposed to direct
radiant heat from fire.

HG-341.4 Welded-In Staybolts. Requirements for
welded-in staybolts are given in HW-710.

HG-342 DIMENSIONS OF STAYS

HG-342.1 Required Area of Stays. The required
area of a stay at its minimum cross section (usually at
the root of the thread) and exclusive of any allowance
for corrosion shall be obtained by dividing the load on

tha cta ok in—ac rdanecan arith TC 249 9
o Ce—WiHth—TTro—=97%5

0777

3z ad o
tHe—Stay—€€omputreat—accoraah

HG-342.3, and HG-342.4 by the allowable stress value
for the material.
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Table HG-340
Allowable Pitch [Note (1)] of Stays, in. (mm) (Limited by HG-340.3)

Design Plate Thickness, in. (mm)
Pressure,
psi (kPa) Y4 (6.4) %2 (7.1) %6 (7.9) s, (8.7) % (9.5) 3, (10.3) "he (11.1) 1%, (11.9)
30 (207) 77 (200) 86 (224) 9% (249)  10'%6 (275)  11'%, (300) 12%, (324) 13%, (349) 15 (381)
40 (276) 6% (173) 7% (194) 8% (216) 9%, (238) 10%6 (259)  11%6 (281) 11, (303) 13 (330)
50 (345) 6%6 (154) 67 (175) 7% (194) 8% (213) 9% (232) 9% (251) 10% (270) 11% (295)
60 (414) 5% (141) 6Y (159) 6%, (176) 7% (194) 8%s6 (211) 9 (229) 9%, (248) 10% (270
70 (483) 5% (130) 5% (148) 676 (164) 76 (179) 7%, (195) 8% (213) 9(229) 9% (249)
75 (517) 4%, (125) 5% (141) 6% (159) 6% (173) 7746 (189) 8% (205) 86 (221) 9%, (241)
80 (552) 4%, (122) 5% (137) 6 (152) 6% (168) 7% (183) 736 (198) 876 (214) 9%6 (233)
90 (621) 4% (116) 5% (130) 5%, (144) 6%, (159) 6'%6 (173) 7% (187) 7%60202) 846 (221)
100 (690) 4%6 (110) 4% (122) 5% (137) 5'%s (151) 676 (164) 7 (178) 7Y% (191) 8%16 (208)
110 (758) 4% (117) 5% (130) 5% (143) 6% (156) 66 (170) 7%6 (183) 7% (198)
120 (827) 476 (113) 4% (124) 5% (137) 57 (149) 6% (162) 6% (175) 7Y% (191)
125 (862) 4%,6 (110) 4%, (122) 5% (135) 53, (146) 64 [159) 6%, (171) 7% (187)
130 (896) 5%6 (132) 5% (143) 6% (156) 6% (168) 7% (183)
140 (965) 5 (127) 576 (138) 57 (149) 6% (162) 6% (176)
150 (1034) 4136 (122) 5Y, (33)7  5'%, (144) 6% (156) 6% (170)
160 (1103) 46 (119) 5%\(130) 5% (140) 5% (151) 6% (165)
Design Plate Thickness, i, (mm)
Pressure,
psi (kPa) Y (12.7) 72 (13.5) %6 (14.3) %2 (15.1) % (15.9) 212 (16.7) 46 (17.5) %, (19.1)
30 (207) 16 (406) 17 (432) 18 (457) 19 (483) 20 (508) 21 (533) 22 (559) 24 (610)
40 (276) 13 (352) 14%, (375)  15'%6 (398)  16746.(418) 177 (440)  18% (462) 19%6 (484) 203, (529)
50 (345) 12% (314) 13%,6 (335)  13'%, (354) 14%, (375) 15% (394) 16Y, (413) 17%6 (433) 18% (473)
60 (414) 11%6 (287) 11, (303) 12%, (324) . \8%, (341) 14% (359) 147 (378) 15%6 (395) 17 (432)
70 (483) 10%, (267) 11% (283)  11'%6(300) 127, (316) 13% (333) 13%, (349) 14% (365)  15'%6 (398)
75 (517) 10% (257) 10%, (273) 113 (289) 12 (305) 12% (321)  13%4 (338)  13'%46 (354) 15% (386)
80 (552) 9% (249) 10%, (265) 11 (279) 11% (295) 12Y, (311) 127 (327) 13% (343) 146 (373)
90 (621) 9%, (235) 9% (249) 10% (264) 11 (279) 11%, (294) 12% (308)  12'% (322) 137 (352)
100 (690) 8%, (222) 9%,6:(237) 9% (251) 10% (264)  10%%6 (278) 11% (292) 12Y46 (306) 13% (333)
110 (758) 8% (213) 8%(225) 9% (238) 9%, (252) 10% (265) 11 (279) 11% (292) 12%, (319)
120 (827) 8 (203) 8%, (216) 9 (229) 9Y, (241) 10 (254) 10%, (267) 11 (279) 12 (305)
125 (862) 7% (198) 8%, (211) 874 (225) 9% (237) 9% (249)  10%6 (262) 10%, (273) 11%, (198)
130 (896) 714 eN195) 8% (208) 8% (219) 9% (232) 9% (244) 10% (257) 10%6 (268) 11% (292)
140 (965) 7% (187) 7% (200) 8%, (211) 8%, (224) 9Y, (235) 9%, (248) 10%6 (259) 11% (283)
150 (1034) 7% (181) 7% (194) 8% (205) 8%, (216) 8% (227) 9% (238) 9% (249) 10%, (273)
160 (1103)V 6% (176) 7% (187) 7% (198) 8%, (210) 846 (221) 9%, (230) 9% (241) 10%4 (265)

NOTEx (1) The pitches in Table HG-340 are calculated from the equation p = Vi x SC/P. In calculating these pitches, C = 2.7 for plate
thickfiesses not over % in. and € = 2.8 for plate thicknesses exceeding "6 in; S = 11,000 psi.
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HG-342.2 Load Carried by Stays. The area

supported by a stay shall be computed on the basis of
£:1]

the—full-piteh-dimensions—withadeductionfor-thearea
occupied by the stay. The load carried by a stay is the
product of the area supported by the stay and the

design pressure.

HG-342.3 Stays Longer Than 120 Diameters.
Stays exceeding 120 diameters in length shall be
supported at intervals not exceeding 120 diameters or
the cross-sectional area of the stay shall be increased
by not less than 15% of the required area of the stays
calculated in HG-342.1.

HG-342.4 Stays Fabricated by Welding. Stays
made of parts jointed by welding shall be computed
for strength using a joint efficiency of 60% for the
weld. Welded stays shall be used only where it is imprac-
tical to use stays of one-piece construction.

HG-342.5 Minimum Cross-Sectional Area. No
ferrous screwed stay, or ferrous stay welded in by the
fusion process of welding shall have a cross-sectional
area less than 0.44 in.? (284 mm?).

HG-342.6 Minimum Diameter of Nonferrous
Stays.

(a) For nonferrous staybolted construction using
unthreaded copper staybolts and copper plates, the
minimum diameter of the staybolts shall be as follows:

Min. Staybolt

Copper Plate Thickness, in. (mm) Diameter, in. (mm)

Not exceeding % (3) U%(13)
Over % (3), but not over ¥ (5) % (16)
over % (5) 7 (19)

(b) For nonferrous staybolted construction using
unthreaded copper-nickel staybolts and copper-nickel
plates, the minimum diameter of staybolts shall be as
follows:

Copper-Nickel Plate Thickness,
in,“(mm)

Min. Staybolt
Diameter, in. (mm)

Not exceedifig ¥ (3) % (10)
over “%4((3), but not over % (5) e (11)
Over. %4 (5) Y (13)

HG-343 DIMENSIONS OF DIAGONAL STAYS
HG-343.1 Required Area of Diagonal Stays. To

determine the required area of a diagonal stay, multiply
the area of the direct stay, required to support the surface,

hy the slant or r‘lingnnnl ]pngfh of the stay; divide this

4=
[
where
A = sectional area of diagonal stay, in.” (mm?)
a = sectional area of direct stay, in.? (mm?)
L = length of diagonal stay as indicated in:Figure
HG-343, in. (mm)
| = length ofline, drawn perpendicular to boiler head or
surface supported, to center of palm of diagonal
stay, as indicated in Figure HG:343, in. (mm)
Example:

Given diameter of direct stay = 1 in., a = 0.7854 in.?,
L =60 in, I = 48 in.; substituting and solving:

0.7854 X 60

= 0.98 sectional area, in.2
48

A

Diameter = 1.11(in! (use 1% in.)

HG-343:2 Diagonal Stays for Segments of
Tubesheets. For staying segments of tubesheets such
as in horizontal firetube boilers, where L is not more
than-I15 times I for any stay, the stays may be calculated
as’direct stays using 90% of the allowable stress values
calculated in HG-342.1.

HG-345 STAYING OF HEADS

HG-345.1 General.

(a) Those portions of heads that require staying shall
be stayed as flat plates under the provisions of these rules.

(b) For unflanged heads in boilers designed for not
over 30 psi (200 kPa) pressure, with the heads attached
with single fillet welds in accordance with HW-701.3(a),
staying is not required if the greatest distance measured
along a radial line from the inner surface of the shell to a
fully supported line does not exceed 1.25p. For unflanged
heads in boilers designed for over 30 psi (200 kPa) with
heads attached in accordance with HW-701.3(b), or for
flanged heads of any pressure, staying is not required
if the greatest distance measured as above does not
exceed 1.5p. The value of p shall be obtained by applying
the equation of HG-340 with a C value of 2.7 or 2.8
depending on the plate thickness.

(c) For purposes of applying the above paragraph, a
fully supportedline is aflanged or welded corner jointor is
a line tangent to a row of tubes not over one pitch apart
between edges and extending to within one pitch of the

shell or the diametrically opposite side of the shell.
rd)
7

product by the length of a line (drawn perpendicular
to the surface supported) to the center of the palm of
the diagonal stay, as follows:

25

between the inner surface of the shell and the centers
of stays shall not be more than the allowable pitch as
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Figure HG-343
Details of Installation of Diagonal Stays

(a)

GENERAL NOTES:
(a) Determine area of diagonal stays per HG-343.1.

(b)

(c)

(b) Determine weld details and weld size for stay-to-tube-sheet and stay-to-shell per HW-710.

(c) Determine diagonal stay pitch per HG-340.1.

(d) Maximum r = 8t; minimum r = 3¢t; t = nominal thickness of tubesheet.

determined by HG-340, using the value of C given for the
thickness of plate and the type of stay used.

(e) For a flanged head welded to the shell, the
maximum distance between the inner surface of the
supporting flange and lines parallel to the surface of
the shell passing through the centers of the stays shall
be p as determined by the formula in HG-340, plus the
inside radius of the supporting flange, using the value
of C given for the thickness of plate and the type_ of:
stay used.

(f) The maximum distance between the edges of the
tube holes and the center of the first row of stays shall
be p as determined by the formula in HG:340, using
the value of C given for the thickness of>plate and the
type of stay used.

(g) When a portion of the head in @ horizontal firetube
boiler is provided with a manholé.opening, the flange of
which is formed from the solid-plate and turned inward to

adepth of notlessithan three times the required thickness
of the head, nfeasured from the outside or, when an
unflangedtmanhole ring meeting the requirements of
HG-32Tis-provided in a flat stayed head of a firetube
boiléry<the area to be stayed may be reduced by
100¢n.? (645 cm?) provided both the following require-
ments are met [see Figures HG-345.1(a) and
HG-345.1(b)]:

(1) The distance between the manhole opening and
the inner surface of the supporting flange does not exceed
one-half the maximum allowable pitch for an unflanged
manhole or one-half the maximum allowable pitch plus
the inside radius of the supporting flange for a
flanged-in manhole in a flanged head.

(2) The distance between the centers of the first row
of stays, or the edges of the tube holes, and the manhole
opening does not exceed one-half the maximum allowable
pitch as determined by HG-340.

26
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HG-345.1(c)
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Figure HG-345.1(a)

Sketch Showing Application of HG-345.1 to the Staying of Boilers
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GENERAL INOTES:

(a) Requirpd cross-sectional area to carry total load on segment based upon allowable stresses from Section II, Part D,Table 6A or Table 6B and computed by HG-342.1.

(b) Providg¢ the number of stays required to not exceed the maximum calculated pitch.
(c) Diagonfl stay stresses must not exceed limits computed from HG-343.1.
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HG-346 TUBESHEETS WITH FIRETUBES USED
AS STAYS

HG-350 LIGAMENTS

HG-350.1 General. The rulesin this paragraph apply

(21)

HG-346.1 Required Thickness, Maximum Pitch,
and Design Pressure. The required thickness,
maximum pitch, and design pressure for tubesheets
with firetubes used as stays shall be calculated using
the following equations:

¢ = \/(i)(pz - "_DZ] &)
CS 4
( cst? aD?*
) ()
2
P = CSt - -
2 nD
7 =[]
where
C = 2.7 for tubesheets not over 7/ in. (11 mm) thick
= 2.8 for tubesheets over 7 in. (11 mm) thick
D = outside diameter of the tube
P = design pressure
p = maximum pitch measured between the centérs of
tubes in different rows, which lines may be hori-
zontal, vertical, or inclined
S = maximum allowable stress value givenfin Section II,
Part D, Table 6A or Table 6B
t = required thickness of plate

HG-346.2 Maximum Pitch-of Firetubes Used as

Stays. The pitch of firetubesused as stays shall not exceed
15 times the diameter of the tube.

HG-346.3 Calculating Firetubes Used as Stays.
No calculation need be made to determine the availability
of the required cross-sectional area or the maximum
allowable piteh for tubes within or on the perimeter of
a nest of tubes, which are spaced at less than twice
their average diameter.

HG-346.4 Dimensions and Welding of Firetubes
Used as Stays.

(a) Thedimensions of firetubes used as stays shall meet
the requirements of HG-301.2 and HG-342.
(b) Firetubes used as stays may be attached by any

to groups of openings that form a definite pattern in cy-
lindrical pressure parts and to openings spaced not more
than two diameters center to center.

(a) The symbols defined below are used in the equa-
tions of this paragraph:

= diameter of openings

efficiency of ligament

= number of openings in length p,

= longitudinal pitch of adjacent openings

p1 = pitch between correspondingopenings in a series
of symmetrical groups of openings

p’ = diagonal pitch of adjacent’openings

" = transverse pitch of adjacent openings

T S
In

(b) The efficiency of\ligaments between openings is
defined as the ratio of.the average strength of the material
between adjacentopéenings to the average strength of the
plate away from\the openings. Where a series of openings
has more thdn one efficiency, the lowest value shall
govern.

(c) The'pitch shall be measured on the flat plate before
rolling.

HG-350.2 Openings Parallel to Shell Axis. The
ligament efficiency shall be determined as follows.

(a) For equal pitch of openings in every row (see
Figure HG-350.1), the efficiency is given by the formula:

p—d
p

E = 1)

(b) Forunequal pitch in definite repeating patterns (as
in Figures HG-350.2 and HG-350.3), the efficiency is given
by the formula:

p — nd

13}

(2)

E

(c) For openings that do not form a definite repeating
pattern, the efficiency shall be the value calculated as
follows for the group of openings that gives the lowest
efficiency:

(1) the efficiency given by (b), eq. (2) above using p;
less than or equal to the inside diameter of the shell or 60
in. (1500 mm), whichever is less

(2) 1.25 times the efficiency given by (b), eq. (2)
above using p; less than or equal to the inside radius
of the shell or 30 in. (750 mm), whichever is less

HG-350.3 Openings Transverse to Shell Axis.
The ligament efficiency of openings spaced at right
angles to the axis of the shell is equal to two times the

method pet mitted-m HG=366-2:
(c) Firetubeswelded to the tubesheet and used as stays
shall meet the requirements of HW-713.

29

efficiency of similarly spaced holes parallel to the shell
axis as calculated in accordance with the rules in
HG-350.2.
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Figure HG-350.1
Example of Tube Spacing With Pitch of Holes Equal

HG-360 REQUIREMENTS FOR TUBE HOLES
AND TUBE ATTACHMENTS

imEvery Row
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Figure HG-350.2
Example of Tube Spacing With Pitch of Holes
Unequal in Every Second Row
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HG-350.4 Holes Along-a-Diagonal. The ligament
efficiency shall be determined as follows.

(a) The efficiency of.0openings that are equally spaced
along diagonal lines (see Figure HG-350.4) is given by the
formula:

(3)

where#-is a factor from Figure HG-321 for the angle that
the\diagonal makes with a plane through the longitudinal
axis of the boiler.

(b) The ligament efficiency of openings that are
unequally spaced along diagonal lines shall be determined
as in HG-350.1(c) except that (a), eq. (3) shall be used in

HG-360.1 Tube Holes and Ends. Tube holes in solid
plate may be drilled, punched, punched and shaved, laser
cut, thermal cut, plasma-arc cut, or cut with a high-pres-
sure water jet.

(a) Tube holes for use with tube ends attached by:
welding shall be fabricated using one of the following
methods:

(1) drilled full size from the solid plate

(2) punched full size from the solid plate’or punched
smaller in diameter than full size then drilled, shaved,
reamed, or finished full size with rotating cutters

(3) laser, thermal, or plasma-are cutfull size from the
solid plate or cut smaller in diaméter'than full size then
drilled, shaved, reamed, or finished full size with rotating
cutters

(4) cut full size with a high-pressure water jet from
the solid plate or cut smaller in diameter than full size then
drilled, shaved, reamed; or finished full size with rotating
cutters

(b) Tube holes for use with tube ends attached by
rolling shall’be fabricated using one of the following
methods!

(L) drilled full size from the solid plate

(2) punched from solid plate % in. (13 mm) smaller
in'diameter than full size when the plate thickness exceeds
s in. (10 mm) and % in. (3 mm) smaller in diameter than
full size when the plate thickness is % in. (10 mm) or less.
Tube holes shall then be drilled, shaved, reamed, or
finished full size with rotating cutters.

(3) laser, thermal or plasma-arc cut in solid plate
sufficiently smaller in diameter than full size, such that
subsequent machining to full size shall completely
remove all metal whose mechanical and metallurgical
properties have been affected as a result of the cutting
process. Tube holes shall then be drilled, shaved,
reamed, or finished full size with rotating cutters.

(4) cut with a high-pressure water jet from the solid
plate smaller in diameter than full size, such that subse-
quent machining to full size shall completely remove all
surface discontinuities in the metal as a result of the
cutting process. Tube holes shall then be drilled,
shaved, reamed, or finished full size with rotating cutters.

(c) Where thermal cutting is used, the effect on the
mechanical and metallurgical properties of the base
metal shall be taken into consideration.

(d) When using the shaving process, the following
guidelines shall be met:

(1) When the plate thickness exceeds % in. (10 mm),
the incremental material removal shall not exceed a
maximum of 0.120 in. (3 mm). The final finishing step

place of HG-350.2(b), eq. (2).

30

shall notremove more than 0.020 in. (0.5 mm) at one time.
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Figure HG-350.3
Example of Tube Spacing With Pitch of Holes Varying in Every Second and Third Row
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Figure HG-350.4
Example of Tube Spacing With Tube Holes on
Diagonal Lines
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(2) When the plate'thickness is % in. (10 mm) or less,
the incremental material removal shall not exceed a
maximum of 0,060"in. (1.5 mm). The final finishing
step shall notremove more than 0.020 in. (0.5 mm) at
one time.

(e) Thiebase metal preparation shallleave the tube hole
with dsmooth surface free from deep notches, striations,
or.irregularities.

{f) Tube holes may be counterbored where the metal is
thicker than that required to get a proper bearing by
expanding, so as to form narrow seats into which the
tube ends can properly expand, provided there is
space available to permit a proper amount of flare of
the tube end

(h) The sharp edges of the tube holes shall be taken off
on both sides_of ‘the plate with a file or other tool.

HG-360:2 Attachment of Firetubes.

(a)-Ends of firetubes may be expanded, expanded and
flared, expanded and beaded, expanded and welded,
welded, or brazed. Firetubes that require consideration
as stays in HG-346 shall not be attached by expanding
alone.

(b) Firetubes attached by expanding and welding or
welding shall comply with HW-713. Firetubes attached
by brazing shall comply with Subpart HB.

(c) Firetubes attached by expanding and flaring or
expanding shall comply with the following:

(1) If the firetube ends are in contact with primary
furnace gases, the tubes shall extend beyond the tube-
sheet a distance not less than the tube thickness or
Ysin. (3 mm), whichever is greater, but not more than
Y, in. (6 mm) or the tube thickness, whichever is greater.

(2) If the firetube ends are not in contact with
primary furnace gases, the tubes shall extend beyond
the tubesheet a distance not less than the tube thickness
or % in. (3 mm), whichever is greater, but not more than
% in. (10 mm) or the tube thickness, whichever is greater.

(d) Where firetubes are attached by welding, the tube
holes may be drilled, flame cut, or punched. The tube holes
may be punched full size provided the thickness of the
tubesheet does not exceed % in. (8 mm). The diameter
of the tube hole in any case shall not be more than Y4z in.
(0.8 mm) greater than the outside diameter of the tube.

HG-360.3 Attachment of Watertubes.

(21)

(g) The surface for welding shall be free of all scale,
rust, oil, grease, or other foreign material.

31

(o)~ Watertubes may be attachied by expanding,
expanding and flaring, expanding and beading, expanding
and welding, welding, or brazing. Watertubes attached by
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Table HG-360
Permitted O-Ring Materials

higher than the maximum temperature listed in
Table HG-360.

Temperature Limit,

Material °F (°C)
Hydrogenated Nitrile Rubber (HNBR) 300 (150)
Ethylene Propylene Diene Rubber (EPDM) 300 (150)
TFE/Propropylene Rubber (FEPM) 450 (230)
Perfluorinated Elastomer (FFKM) 480 (250)

expanding and welding or welding shall comply with
HW-713. Watertubes attached by brazing shall comply
with Subpart HB.

(b) The ends of all tubes that are flared shall extend
beyond the tubesheet a distance not less than
Y,in. (6 mm) nor more than % in. (13 mm).

(c) Watertubesnotexceeding 2 in. (50 mm) 0.D. may be
attached mechanically with welded tapered ferrules.
When such method of attachment is used, the tapered
ferrule shall completely penetrate the head or drum
and be mechanically clamped to the header or drum
with bolting of no less than % in. (10 mm) diameter,
and the tubing shall not be used to support the pressure
vessel.

(d) Where watertubes are attached by welding, the
tube holes may be drilled, flame cut, or punched. The
tube holes may be punched full size provided the thickness
of the tubesheet does not exceed % in. (8 mm). The
diameter of the tube hole in any case shall not be
more than Y, in. (0.8 mm) greater than the outside
diameter of the tube.

(e) Watertubes in hot water boilers may be-installed
into headers with the use of O-ring seals in lieu of
expanding, welding, or brazing, provided;the following
conditions are met:

(1) The tube hole diameter shalljbe not more than
Y in. (0.8 mm) larger than the-outside diameter of the
tube.

(2) The tube hole shall'be recessed to accommodate
the O-ring.

(3) The dimensions of both the O-ring and its
retaining groove shall’be in accordance with the O-ring
manufacturer’s,recommendations.

(4) The-O:ring material shall be suitable for the
design corditions. Material selections shall be limited
to those.shown in Table HG-360.

(5)~The O-ring shall be located or shielded in a

(6) The headers shall be held together by stavs
=7 o J J

adequately designed to carry the end loading and
prevent the headers from spreading apart. The
maximum allowable stress value of the stays shall not
exceed that permitted in Section II, Part D, Table 6A or
Table 6B.

(7) Means shall be provided to prevent the tubes
from losing contact with the O-ring seal due to tube move-
ment without loosening the stays.

(8) If the tube length exceeds 6 ft (1.8 niJ,the tubes
shall be supported at their midlength.

HG-370 EXTERNAL PIPING CONNECTIONS

HG-370.1 Threaded Connections. Pipe connec-
tions, if threaded, shall be tapped into material having
a minimum thickness as specified in Table HG-370,
except that when a curved surface is to be tapped the
minimum thickness shall be sufficient to permit at
least four full threads to be engaged.

HG-370.2 Flanged Connections.

(a) Ttis recommended that dimensional requirements
of bolted flange connections to external piping conform to
ASME B16.5, Steel Pipe Flanges and Flanged Fittings. Such
flanges may be used for pressure-temperature ratings in
accordance with the Standard.

(b) Steel flanges that do not conform to ASME B16.5
shall be designed in accordance with the rules in
Appendix II of Section VIII, Division 1, for the design pres-
sure and temperature conditions. The outside diameter
and bolting shall conform to a standard approved by ANSI.

HG-370.3 Welded or Brazed Connections. Welded
connections shall be in accordance with HW-730 and
HW-731. Brazed connections shall be in accordance
with HB-1300 through HB-1307.

Table HG-370
Minimum Thickness of Material for Threaded
Connections to Boilers

Minimum Thickness of

Size of Pipe Connection, Material Required,

manner determined by the boiler Manufacturer to DN in. (mm) in. (mm)

preclude the O-ring from being exposed to temperatures Under % (20) Ya (6)
%, to 1 (20 to 25), incl. e (8)
1Y, to 2% (32 to 65), incl. "he (11)
3 to 3% (80 to under 100), incl. Y (16)
4 to 5 (100 to 125), incl. % (22)
6 to 8 (150 to 200), incl. 1 (25)
9 to 12 (Over 200 to 300), incl. 1Y%, (32)

32
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ARTICLE 4
PRESSURE-RELIEVING DEVICES

All Section IV pressure relief device requirements have ments have been restructured within“the new
been transferred from Article 4 to Section XIII, and the Article 4A. See Nonmandatory AppendixP for a complete
remaining Section IV overpressure protection require- cross-reference list.

(21)

33
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(21)

ARTICLE 4A
OVERPRESSURE PROTECTION

HG-400A GENERAL REQUIREMENTS

(a) This Article provides the acceptable methods and
requirements for overpressure protection in heating
boilers constructed to the requirements of this Section.
It establishes the type, quantity, and settings of acceptable
devices and the relieving capacity requirements for the
applicable heating boilers. Unless otherwise specified,
the pressure relief valves shall be constructed, capacity
certified, and marked with the Certification Mark in accor-
dance with Section XIII. See Article 7 for installation
requirements.

(b) All heating boilers within the scope of this Section
shall be provided with protection against overpressure in
accordance with the requirements of this Article.

(c) Section XIII, Mandatory Appendix I defines terms
related to pressure relief valves. Unless these terms
are otherwise defined in Nonmandatory Appendix E,
the definitions of Section XIII shall apply to this Article.

HG-401A RESPONSIBILITY

(a) Itisthe Manufacturer's responsibility to determine
the minimum required relief rate and maximunialiowable
working pressure (MAWP) that meet the requiirements of
this Article. The Manufacturer is responsible for ensuring
that the boiler connections allow for the-different types of
pressure relief devices that could be‘installed within the
design of the boiler based on system pressure design.

(b) The installer or Manufagcturer is responsible for
sizing and selecting the pressure relief valve or valves
that meet the requirements of this Article.

(c) Pressurereliefvalves shall be installed by either the
installer or the Manufacturer before a boiler is put in
operation.

HG-402A . PRESSURE RELIEF VALVE
REQUIREMENTS

HG-402A.1 Pressure Relief Valve Requirements
for Steam Boilers.

(a) Each steam boiler shall have one or more pressure

Certification Mark and V Designator in accordaneé’with
Section L

(b) The pressure relief valve shall be-of, the spring-
loaded safety valve type adjusted and sealed to discharge
at a pressure not to exceed 15 psi (100 kPa). The set pres-
sure tolerance shall not exceed +2.psi (15 kPa).

(c) The pressure relief valve.capacity for each steam
boiler shall be such that with the fuel-burning equipment
installed and operated at maximum capacity, the pressure
cannot rise more than 5\psi (35 kPa) above the MAWP.

(d) Pressure reliefivalves shall have a controlled blow-
down of 2 psi to4 psi (15 kPa to 30 kPa).

(e) No pressure relief valve for a steam boiler shall be
smaller thanlNPS % (DN 15) or larger than NPS 4 (DN 100).
The inlet'opening shall have an inside diameter equal to or
greater than the seat diameter.

(f) Pressure relief valves shall be arranged so that they
cannot be reset to relieve at a higher pressure than the
MAWP of the boiler.

(g) Body drain connections shall not be plugged during
or after field installation.

(h) The minimum relieving capacity of the pressure
relief valve or valves shall be governed by the capacity
marking on the boiler required by HG-530.

(i) The minimum valve capacity in pounds per hour
shall be determined by dividing the maximum Btu/hr
(kW) output at the boiler nozzle, obtained by the firing
of any fuel for which the unit is installed, by 1,000
(0.646). In every case, the requirement of (e) shall be met.

(j) When operating conditions are changed, or addi-
tional boiler heating surface is installed, the valve capacity
shall be increased, if necessary, to meet the new conditions
and be in accordance with (c). The additional valves
required on account of changed conditions may be
installed on the outlet piping provided there is no inter-
vening valve.

HG-402A.2 Pressure Relief Valve Requirements
for Hot Water Heating and Supply Boilers.

(a) Eachhotwater heatingor supply boiler shall have at
least one pressure relief valve marked either with the
Certification Mark and HV Designator in accordance

relief valves marked either with the Certification Mark and
HV Designator in accordance with Section XIII or with the

34

witir Section X1 or with the Certification Markand v
Designator in accordance with Section 1.
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(b) The pressure relief valve shall be of the spring-
loaded safety relief valve type and set to relieve at or

the safe working pressure of the hot water tank. Each tank
shall have a pressure relief valve marked either with the

Certification Mark and HV Designatorin-accordance-with

belowthe MAWP ofthe boiler.-The set pressure tolerances

shall not exceed 3 psi (20 kPa) for pressures up to and
including 60 psig (400 kPa) and +5% for set pressures
above 60 psig (400 kPa).

(c) When more than one pressure relief valve is used
on either hot water heating or hot water supply boilers,
the additional valves shall be capacity certified and may
have a set pressure within a range not to exceed 6 psi (40
kPa) above the maximum allowable working pressure of
the boiler up to and including 60 psi (400 kPa), and 5% for
those having a maximum allowable working pressure
exceeding 60 psi (400 kPa).

(d) Pressure relief valve capacity for each boiler with a
single pressure relief valve shall be such that, with the fuel
burning equipment installed and operated at maximum
capacity, the pressure cannot rise more than 10%
above the MAWP. When more than one pressure relief
valve is used, the overpressure shall be limited to 10%
above the set pressure of the highest set valve allowed
by (c).

(e) No pressure reliefvalve shall be smaller than NPS %,
(DN 20) nor larger than NPS 4 (DN 100) except that boilers
having a heat input not greater than 15,000 Btu/hr (4.4
kW) may be equipped with a capacity-certified pressure
relief valve of NPS %, (DN 15).

(f) The required steam-relieving capacity, in pounds
per hour (kilograms per hour), of the pressure-relieving
device or devices on a boiler shall be determinéd by
dividing the maximum output in Btu/hr (kW).at the
boiler nozzle, obtained by the firing of any fuel for
which the unit is installed, by 1,000 (0.646). In every
case, the requirements of (d) shall be met.

(g) When operating conditions are;changed, or addi-
tional boiler heating surface is installed; the valve capacity
shall be increased, if necessary, tomeet the new conditions
and shall be in accordance with (d). The additional valves
required due to changed.eonditions may be installed on
the outlet piping provided there is no intervening valve.

(h) Hot water heating or supply boilers limited to a
water temperatufe-not in excess of 210°F (99°C) may
have, in lieu of.the valve(s) specified in (a), one or
more temperature and pressure relief valves of the
spring-loaded type marked with the Certification Mark
and HV-Designator in accordance with Section XIII. The
temperature and pressure relief valve shall be set to
relieve at or below the MAWP of the boiler.

HG-402A.3 Pressure Relief Valves for Tanks and
Heat Exchangers.

(a) Steam to Hot Water Supply.

Section XIII or with the Certification Mark and V
Designator in accordance with Section 1.

(2) The pressure relief valve shall be of the spring-
loaded safety reliefvalve type and set to relieve at or below:
the MAWP of the tank. The set pressure tolerances shall
not exceed 3 psi (20 kPa) for pressures up to and inicluding
60 psig (400 kPa) and +5% for set pressures above 60 psig
(400 kPa).

(3) The pressure relief valves shall'be of sufficient
rated capacity to prevent the heat exchanger pressure
from rising more than 10% above the'maximum allowable
working pressure of the vessels

(4) The pressure relief valve shall be at least NPS 1
(DN 25).

(b) High-Temperature Water to Water Heat
Exchanger.”

(1) When high-temperature water is circulated
through the coils-or tubes of a heat exchanger to warm
water for space heating or hot water supply, within
the serviée limitations set forth in HG-101, the heat
exchanger shall be equipped with one or more pressure
reliefyalves marked either with the Certification Mark and
HV Designator in accordance with Section XIII or with the
Certification Mark and V Designator in accordance with
Section I.

(2) The pressure relief valve shall be of the spring-
loaded safety reliefvalve type and set to relieve at or below
the MAWP of the heat exchanger. The set pressure toler-
ances shall not exceed 3 psi (20 kPa) for pressures up to
and including 60 psig (400 kPa) and +5% for set pressures
above 60 psig (400 kPa).

(3) The pressure relief valves shall be of sufficient
rated capacity to prevent the heat exchanger pressure
from rising more than 10% above the maximum allowable
working pressure of the vessel.

(4) Nopressure reliefvalve shall be smaller than NPS
%, (DN 20) nor larger than NPS 4 (DN 100).

(c) High-Temperature Water to Steam Heat
Exchanger.”

(1) When high-temperature water is circulated
through the coils or tubes of a heat exchanger to generate
low pressure steam, within the service limitations set
forth in HG-101, the heat exchanger shall be equipped
with one or more pressure relief valves marked either
with the Certification Mark and HV Designator in accor-
dance with Section XIII or with the Certification Mark and
V Designator in accordance with Section I.

(2) The pressure relief valve shall be of the spring-
loaded safety valve type and set to relieve ata pressure not
to exceed 15 psi (100 kPa). The set pressure tolerance

(1) When a hot water supply Is heated indirectly by
steam in a coil or pipe within the service limitations set
forthin HG-101, the pressure of the steam shall not exceed

35

shall not exceed *2 psi (15 kPa).
(3) Pressure relief valves shall have a controlled
blowdown of 2 psi to 4 psi (15 kPa to 30 kPa).
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(4) Nopressurereliefvalve for asteam boiler shall be
smaller than NPS % (DN 15) nor larger than NPS 4 (DN

The heating surface shall be computed as follows:
(a) The boiler heating surface and other equivalent

surface outside the furnace shall he measured circumfer-

100)

J

(5) For heat exchangers requiring steam pressures
greater than 15 psi (100 kPa), refer to Section I or Section
VIII, Division 1.

HG-402A.4 Pressure Relief Valves for Potable
Water Heaters. See HLW-800.

HG-403A HEATING SURFACE

The heating surface, as part of a circulating system in
contact on one side with water or wet steam being heated
and on the other side with gas or refractory being cooled,
shall be measured on the side receiving heat.

entially plus any extended surface.

(b) The waterwall heating surface and other equivalent
surface within the furnace shall be measured as the
projected tube area (diameter x length) plus any extended
surface on the furnace side. In computing the heating
surface for this purpose, only the tubes, fireboxes,
shells, tubesheets, and the projected area of headers
need be considered, except that for vertical(firetube
steam boilers, only that portion of the tube surface up
to the middle of the gage glass shall be calgulated.

(c) Thetotal heating surface is the sum'efthe boiler and
waterwall heating surfaces.
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(21)

ARTICLE 5
TESTS, INSPECTION, AND MARKING

HG-500 PROOF TESTS TO ESTABLISH DESIGN
PRESSURE

HG-501 General

(a) The design pressure for pressure parts of boilers
for which the strength cannot be computed with a satis-
factory assurance of accuracy shall be established in accor-
dance with the requirements of this paragraph, using one
ofthe test procedures applicable to the type of loading and
to the material used in its construction.

(b) The tests in these paragraphs may be used only for
the purpose of establishing the design pressure of those
elements or component parts for which the thickness
cannot be determined by means of the design rules
given in the Code. The design pressure of all other
elements or component parts shall not be greater than
that determined by means of the applicable design rules:

HG-501.1 Types of Tests. Provision is made fortwo
types of tests for determining the internal.design
pressure:

(a) testsbased onyieldingofthe partto be tested; these
tests are limited to materials with a ratio.of minimum
specified yield to minimum specified.ultimate strength
of 0.625 or less. If a proof-tested partshows no evidence
of permanent yielding per HG-502.1"and HG-502.2, it may
be marked with the Certification"Mark.

(b) testsbased on burstingofthe part. The Certification
Mark shall not be applied on the part proof tested under
the burst-test provisiens:

HG-501.2 Retests. A retest shall be allowed on a
duplicate preSsure part if errors or irregularities are
obvious insthe test results.

HG-501.3 Precautions. Safety of testing personnel
should be given serious consideration when conducting
proof tests, and particular care should be taken during
the conducting of bursting tests per HG-502.3.

HG-501.4 Pressure Application.
(a) Previously Applied. The pressure parts for which the

(b) Application.Inthe procedures given inHG<502.1 for
the strain measurement test and HG-502,2 for the dis-
placement measurement test, the hydroStatic pressure
in the pressure part shall be increased gradually until
approximately one-half the anticipated design pressure
isreached. Thereafter, the testpreSsure shall be increased
in steps of approximately ghe-tenth or less of the antici-
pated design pressure untilthe pressure required by the
test procedure is reached. The pressure shall be held
stationary at the end of each increment for a sufficient
time to allow the‘observations required by the test proce-
dure to be made and shall be released to zero to permit
determination of any permanent strain or displacement
after any/pressure increment that indicates an increase in
strain-or displacement over the previous equal pressure
increment.

HG-501.5 Critical Areas. As a check that the
measurements are being taken on the most critical
areas, the Inspector may require a lime wash or other
brittle coating to be applied on all areas of probable
high stress concentrations in the test procedures given
in HG-502.1 and HG-502.2. The surfaces shall be suitably
clean before the coating is applied in order to obtain satis-
factory adhesion. The technique shall be suited to the
coating material.

NOTE: Strains should be measured as they apply to membrane
stresses. In regard to bending stresses it is recognized that high
localized and secondary stresses may exist in pressure parts
designed and fabricated in accordance with these rules.
Insofar as practical, design rules for details have been
written to hold such stresses at a safe level consistent with
experience.

HG-501.6 Yield Strength and Tensile Strength.
For proof tests based on yielding, HG-502.1 and
HG-502.2, theyield strength (or yield point for those mate-
rials that exhibit that type of yield behavior indicated by a
“sharp-kneed” portion of the stress-strain diagram) of the
material in the part tested, shall be determined in accor-
dance with the method prescribed in the applicable mate-
rial specification and as described in ASTM E8, Tension
Testing of Metallic Materials. For proof tests based on
bursting, HG-502.3, the tensile strength instead of the

UeSIgT pressure 15 to be estabtisted siratt ot previousty
have been subjected to a pressure greater than 1'% times
the desired or anticipated design pressure.
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yield strength of the material in the part tested shall
be similarly determined.
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(a) Yield or tensile strength so determined shall be the
average from three or four specimens cut from the part

tested after the test is rnmp]nfnﬂ The cpnrimnnc shall be

highly strained gage line reaches the value given below
for the material used:

(7} 0.2% pnrmannhf strainfor rnrhnn’ lowz a”ny’ and

cutfrom alocation where the stress during the test has not
exceeded the yield strength. The specimens shall not be
oxygen cut because this might affect the strength of the
material. If yield or tensile strength is not determined by
test specimens from the pressure part tested, alternative
methods are given in HG-502.1, HG-502.2, and HG-502.3
for evaluation of proof test results to establish the design
pressure.

(b) When excess stock from the same piece of wrought
material is available the test specimens may be cut from
this excess stock. The specimens shall not be removed by
flame cutting or any other method involving sufficient heat
to affect the properties of the specimen.

(c) For castpressure parts, casttest bars may be used in
lieu of the specimens referenced above. If used, cast test
bars shall be produced, machined, and tested in accor-
dance with the requirements of Section II. Cast test
bars shall be poured from the same ladle of material,
under the same sand conditions, that the cast pressure
part subjected to bursting is poured from and shall
receive the same thermal treatment as the cast pressure
part subjected to bursting.

HG-502 Procedure

HG-502.1 Strain Measurement Test.

(a) Subject to limitations of HG-501.1(a), this proce-
dure may be used for pressure parts under internalpres-
sure, constructed of any material permitted to-bé used
under the rules of Section IV. Strains shall be ‘measured
in the direction of the maximum stress at the most highly
stressed parts (see HG-501.5) by means of Strain gages of
any type capable of indicating strainsyto 0.00005 in./in.
(0.005%). Pressure shall be applied as provided in
HG-501.4(b).

(b) After each increment of pressure has been applied,
readings of the strain gages.and the hydrostatic pressure
shall be taken and, reécorded. The pressure shall be
released and any/permanent strain at each gage shall
be determined after-any pressure increment thatindicates
an increase imstrain for this increment over the previous
equal pressure increment. Only one application of each
increment of pressure is required.

(c) Two curves of strain against test pressure shall be
plotted for each gage line as the test progresses, one
showing the strain under pressure and one showing
the permanent strain when the pressure is removed.
The test may be discontinued when the test pressure
reaches the value H that will, by the formula, justify

high alloy steels

(2) 0.5% strain under pressure for copper-base
alloys

(d) The design pressure P for parts tested under this

paragraph shall be computed by one of the following
equations:

(1) if the average yield strength is determinéd by
HG-501.6,

Y,
0.5H

P s
Y,

(2) if the actual average yield $trength is not deter-
mined by test specimens,

P =\04H
where
H = hydrostatiC test pressure at which the test was
stopped in accordance with (c)
Y, = actualMaverage yield strength from test specimens
Y, = §pecified minimum yield strength

HG-502.2 Displacement Measurement Test.

(a) Subject to the limitations of HG-501.1(a), this
procedure may be used only for pressure parts under
internal pressure, constructed of materials having a defi-
nitely determinable yield point. Displacement shall be
measured at the most highly stressed parts (see
HG-501.5) by means of measuring devices of any type
capable of measuring to 1 mil (0.025 mm). This displace-
ment may be measured between two diametrically
opposed reference points in a symmetrical structure,
or between a reference point and a fixed base point.
Pressure shall be applied as provided in HG-501.4(b).

(b) After each increment of pressure has been applied,
readings of the displacement and the hydrostatic pressure
shall be taken and recorded. The pressure shall be
released and any permanent displacement shall be deter-
mined after any pressure increment that indicates an
increase in measured displacement for this increment
over the previous equal pressure increment. Only one
application of each increment is required. Care must
be taken to insure that the readings represent only dis-
placements of the parts on which measurements are being
made and do not include any slip of the measuring devices
or any movement of the fixed base points or of the pres-
sure part as a whole.

the desired working pressure, but shall not exceed the
pressure at which the plotted points for the most
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{c)~TWo curves of diSplacement against test pressure
shall be plotted for each reference point as the test
progresses, one showing the displacement under
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pressure, and one showing the permanent displacement
when the pressure isremoved. The application of pressure

(e) When eq. (d)(2)(-a)(2a) or eq. (d)(2)(-b)(2b) is
used, the material in the pressure part shall have had

shallbe cfnppnﬂ whenitis evidentthatthe curve fhrnngh

the points representing displacement under pressure has
deviated from a straight line.

(d) The pressure coincident with the proportional limit
of the material shall be determined by noting the pressure
at which the curve representing displacement under pres-
sure deviates from a straight line. The pressure at the
proportional limit may be checked from the curve of
permanent displacement by locating the point where
the permanent displacement begins to increase regularly
with further increases in pressure. Permanent deforma-
tion at the beginning of the curve that results from the
equalization of stresses and irregularities in the material
may be disregarded.

The design pressure P at test temperature for parts
tested under this paragraph shall be computed by one
of the following equations.

(1) If the average yield strength is determined by
HG-501.6,

Y,
0.5SH

P s
Y,

(2) In order to eliminate the necessity of cutting
tensile specimens and determining the actual yield
strength of the material under test, one of the following
equations may be used to determine the design pressure;

(-a) for carbon steel, meeting an acceptable Code
specification, with a specified minimum tensile strength of
not over 70,000 psi (480 MPa),

(U.S. Customary Units)

P (2a)

0.SH [L]
S + 5,000

(SI Units)

P (2a)

0.5H (L)
S + 34,000

(-b) for.any acceptable material listed in Section
1V,
(2b)

p 0.4H

where

H = hydrostatic test pressure coincident with the
proportional limit of the weakest element of the
component part tested

ia¥a) apprnrinh]n cold ulnrlzing or-other treatment that

would tend to raise the yield strength above the normal.

HG-502.3 Bursting Tests.

(a) This procedure may be used for pressure parts
under internal pressure when constructed of any material
permitted to be used under the rules of Section }V. The
design pressure of any component part proof-tested by
this method shall be established by a hydrostatic test
to failure by rupture of a full-size sample, of such pressure
part. Asan alternative, the hydrostatietest may be stopped
when the test pressure reaches a Value that will, by the
formula in (b) below, justify thé design pressure.

(b) The design pressure®,psi, for pressure parts tested
under this paragraph shall-be computed by the following
formula:

p
p=-8 S
S Sz orS,,
where
Pp~= bursting test pressure

S = specified minimum tensile strength
S, = averageactual tensile strength of test specimens or
cast test bars
Sm = maximum tensile strength of range of specification

HG-502.4 Brittle Coating Test Procedure.

(a) Subject to the limitations of HG-501.1(a), this
procedure may be used only for boiler and boiler parts
under internal pressure, constructed of materials
having a definitely determinable yield point. The compo-
nent parts that require proof testing shall be coated with a
lime wash or other brittle coating in accordance with
HG-501.5. Pressure shall be applied in accordance with
HG-501.4. The parts being proof tested shall be examined
between pressure increments for signs of yielding as
evidenced by flaking of the brittle coating, or by the
appearance of strain lines. The application of pressure
shall be stopped at the first sign of yielding, or if
desired, at some lower pressure.

(b) The design pressure P for parts tested under this
paragraph shall be computed by one of the following
equations:

(1) if the average yield strength is determined in
accordance with HG-501.6,

¥
P = 0SHS

S = specified minimum tensile strength
actual average yield strength from test specimens
specified minimum yield strength

Yo
Y
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(2) toeliminate the necessity of cutting tensile speci-
mens and determining the actual yield strength of the

HG-505 Test Gages

(a) Anindicating gage shall be connected directly to the

material under test—one of the Fn”r\uring nqnafinnc

may be used to determine the design pressure:

(-a) for carbon steel meeting an acceptable Code
specification, with a specified minimum tensile strength of
not over 70,000 psi (480 MPa),

(U.S. Customary Units)

= o.sH(L] (2a)
S+ 5,000

P

(SI Units)

(2a)

P

)

(-b) for any acceptable material listed in Section

0.5H<#
S+ 34500

IV,

P = 04H (2b)

where

H = hydrostatic test pressure at which the test was
stopped

S = specified minimum tensile strength

actual average yield strength from test specimens

specified minimum yield strength

Ya
YS

(c) When eq. (b)(2)(-a)(2a) or eq. (b)(2)(-b)(2b) is
used, the material in the pressure part shall have had
no appreciable cold working or other treatment that
would tend to raise the yield strength abové the normal.

HG-503 Tests of Parts Subject. to Collapse

Parts of the boiler normally subject to collapse for which
specified rules are not provided.in this Section shall with-
stand without excessive deformation a hydrostatic test of
not less than three timeswthe desired design pressure.

HG-504 Tests.of-Duplicate Parts

When the (design pressure of a pressure part has been
established by a proof test, duplicate parts of the same
materials; design, and construction need not be proof
tested but shall be given the standard hydrostatic test
at'1% times the maximum allowable working pressure.
The dimensions and minimum thickness of the structure
to be tested should not vary materially from those actually
used. A geometrically similar part may be qualified by a

pressure part. Intermediate pipe and fittings may be used
provided there are no intervening valves. If the indicating
gage is not readily visible to the operator controlling the
pressure applied, an additional indicating gage shall be
provided where it will be visible to the operator
throughout the duration of the test. For large pressure
parts, it is recommended that a recording gage be used
in addition to indicating gages.

(b) Dial indicating pressure gages used in testing shall
be graduated over a range of about double ‘the intended
maximum test pressure, but in no case shall the range be
less than 1% nor more than 4 times that pressure. Digital
reading pressure gages having a widér range of pressure
may be used provided the readings give the same or
greater degree of accuracy asiebtained with dial pressure
gages.

(c) All gages used in\proof testing shall be calibrated
against a standard, deadweight tester or a calibrated
master gage before-the proof test is begun. Gages shall
be recalibrated,at any time that there is reason to
believe they’are’in error.

HG-506"Inspection of Proof Tests

TFests to establish the design pressure of pressure parts
shall be witnessed and accepted by an Authorized
Inspector.

HG-510 Hydrostatic Tests

(a) Castiron boilers shall be tested in accordance with
HC-410.

(b) Forboilers with integrally finned tubes and a design
pressure of 160 psi (1.1 MPa), both the pneumatic test
required in HF-204.1(e) and the hydrostatic test of (c)
may be alternatively met by a hydrostatic test on the
boiler under the following conditions:

(1) A hydrostatic test pressure of at least
240 psi (1.9 MPa) is applied to the tubes and boiler.

(2) Aholdtime of 5 minis maintained on the boiler at
the required internal test pressure.

(3) The test pressure may then be reduced to
maximum allowable working pressure for inspection.

(4) The tubes must be readily visible for inspection
while under pressure.

(c) All other boilers shall be subjected to a hydrostatic
test pressure that is not less than the greater of
60 psi (0.400 MPa) or 1% times the design pressure,
except if a boiler made of material in Part HF has its
maximum allowable working pressure limited by a
Part HC cast iron part the test pressure may be extended

cariacaftacte cavuaringtha camnlata cizaranga afthanrac
Series-ortests-coverigtne-comprete Size range-ortnepres

sure part.
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to 2 times the design pressure of the castiron partor 1%,
times the design pressure of the next limiting part, which-
ever is less.
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Close visual inspection is not required during this stage.
The hydrostatic test pressure may then be reduced to the

(h) Overpressure relief protection shall be provided.
The set pressure of a pressure relief valve should not

mavimum-allawahle ‘Arnrl{ing pv‘nccllrn to-be marked on

the boiler and maintained at this pressure while close
visual inspection for leakage is made of all joints and
connections. In making hydrostatic pressure tests, the
pressure shall be under such control that the test pressure
established shall not be exceeded by more than
10 psi (70 kPa). The visual inspection of joints and connec-
tions that are hidden by assembly may be waived during
the hydrostatic test provided the following conditions are
met:

(1) A suitable pressure test, as agreed upon by the
Manufacturer and the Authorized Inspector, is applied to
the hidden joints.

(2) The hidden joints are given a visual examination
by the Authorized Inspector for workmanship prior to
final assembly.

HG-511 Pneumatic Tests

Pneumatic testing may be substituted for the hydro-
static test required in HG-510 provided the following re-
quirements are met:

(a) The substitution of pneumatic testing shall be by
agreement between the manufacturer and Authorized
Inspector.

(b) Maximum material thickness of any component
part shall not exceed % in. (12.7 mm). No components
of the heating boiler that will be subject to pneumatic
testing may be constructed of cast iron.

(c) When the boiler is under pneumatickpressure
testing, its calculated potential energy, E, shall be less
than 1,000 ft-Ib (1356 J)

E = Cx By x V|1 - (Byzp)™|
where
C = constant, 360 in?/ft* (2500 Pa/kPa)
E = stored energy; ft-1b (J)
P, = absolutenatmospheric pressure,
14.7 psia (101 kPa)
P,. = absoluteltest pressure, psia (kPa)
V = totél volume under test pressure, ft> (m®)

NOTE:\Vincludes the volume of the vessel and any connected
voliime to the pressure supply pump or valve.

(d) Nitrogen or clean, dry, oil-free air shall be used.

(e) Theboiler shall be visually inspected for evidence of
damage before pressurization.

(f) The boiler should be tested in such a manner as to
ensure personnel safety from a release of the total internal

be more than the grnafnr of

(1) the test pressure plus 10 psi (70 kPa), or

(2) 110% of the test pressure

(i) A minimum hold time of 5 min shall be maintained
on the boiler at the required test pressure.

(j) The Manufacturer’s Data Report Forms shall state in
the Remarks section, “Pneumatic test performed inlieu of
standard hydrostatic test as prescribed in HG-510."

(k) The pneumatic test method shall beyimmersed
visual inspection.

(1) The boiler shall be externally-cleaned to prevent
air bubble adherence while being tested to prevent leaks
from being masked.

(2) The uppermost portion'of the boiler, as oriented
in the test tank, shall be &minimum of 6 in. (150 mm)
below the surface of thé~water, and the water shall
have a minimum temperature of 60°F (16°C).

(3) Before the holding period, the immersed boiler
shall be rotated aminimum of 180 deg around alateral axis
to release ady trapped air.

(4) After the holding period, the pressure may be
reduced to the MAWP, but not less than
38 pSiv(262 kPa), and maintained at this pressure
while a thorough visual inspection for leakage is made
with the boiler submerged in water.

(5) After the holding period, and during the visual
inspection, the immersed boiler shall be rotated a
minimum of 180 deg around a lateral axis to permit
easy visual detection of any leakage.

(6) Any evidence of air leaking from the vessel indi-
cates failure of the pneumatic pressure test.

HG-512 Pressure Relief Valve Accumulation Tests

If the pressure relief valve capacity cannot be computed
or if it is desirable to prove the computations, it may be
checked in any one of the following ways and, if found
insufficient, additional capacity shall be provided

(a) by making an accumulation test, that is, by shutting
off all discharge outlets from the boiler and forcing the
fires to the maximum, the pressure relief valve equipment
shall be sufficient to prevent an excess pressure beyond
that specified in HG-402A.1(j) and HG-402A.2(g).

(b) by measuring the maximum amount of fuel that can
be burned, and computing the corresponding evaporative
capacity upon the basis the heating value of the fuel. (See
B-100, B-101, and B-102.)

HG-515 Inspection Tests and Certification of
Boilers

EIETgY Of e VEsSer
(g) The required test pressure shall be greater of 38
psi (262 kPa) or 1.1 times the MAWP.

41

HG=515.1 Generat. The inspection and testing of

boilers to be marked with the Certification Mark with
H designator shall conform to the general requirements
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forinspection and testing in the following paragraphs and,
in addition, to the specific requirements for inspection and

tained (see Subpart HW, Article 8; Subpart HB, Article 14;
and F-202.7)

tests giunn inParts HE and HC

HG-515.2 Manufacturer’s Responsibility. The
Manufacturer has the responsibility of providing the
Inspector with all specified information and of assuring
that the quality control, the detailed examination, and the
tests required by this Section are performed at the stages
of construction necessary to permit them to be meaningful
(see F-202.5). These responsibilities shall include, but not
be limited to, providing or making available for review the
following:

(a) the Certificate of Authorization from the ASME
Boiler and Pressure Vessel Committee authorizing the
Manufacturer to fabricate the type of boiler being
constructed (see HG-540)

(b) the drawings and design calculations for the boiler
or part (see Part HG, Article 3; Part HF, Article 3; Subpart
HW, Article 7; Subpart HB, Article 13; and Part HC,
Article 3)

(c) identification for all materials used in the fabrica-
tion of the boiler or part (see Part HG, Article 2; Subpart
HW, Article 5; Subpart HB, Article 11; and Part HC,
Article 2)

(d) any Partial Data Reports when required (see
HG-531)

(e) access for the Inspector to those parts of the plant
concerned with the supply or fabrication of materials for
the boiler; keeping the Inspector informed of the progress
of the work so that the required inspections can:be
performed in the proper sequence (see HW:900,
HB-1500, and F-202.5)

(f) evidence of examination of all material before and
during fabrication to make certain it has the required
thickness, has no unacceptable imperfections, is one of
the acceptable materials permitted by this Section, and
that traceability to the material identification has been
maintained (see HG-201, HC-502.5;F-202.4, and HF-210)

(g) concurrence of the Inspector for correction of
nonconformities in accordance with the Quality Control
System (see F-202.6)

(h) evidence of qualification of the welding and/or
brazing procedures before they are used in fabrication
(see HW-610, HB-1001, HB-1202, and F-202.7)

(i) eviderce) of qualification of all welders, welding
operators, oy brazers before the welders, welding opera-
tors, or brazers are used in production work, except that
performance qualification by radiography, in confor-
mance with Section IX, QW-304 for welders or QW-
305 for welding operators, may be performed within
the first 3 ft (1 m) of the first production weld (see
HW-401, HW-610, HB-1001, HB-1202, and F-202.7)

kot
tO

(b) records of examination-of part‘c as fabrication

progresses for material marking, that surface defects
are not evident, and that dimensional geometrics are
maintained (see HG-515.1; HF-210; Subpart HW,
Article 8; HC-200; HC-502.5; and HC-502.6)

(1) subjecting the boiler to the required hydrostatic test,
(see HG-510)

(m) affixing the required marking and/or namepldte to
the boiler and making certain it is affixed to the-proper
boiler (see HG-530)

(n) preparing the required Manufacturer's,\Data Report
and having it certified by the Inspector(see HG-520) for
boilers and boiler parts constructed of wrought materials,
and havingitcertified by a Certified'lndividual meeting the
current requirements of ASMEQAI-1 (see HC-502.12); if
constructed of cast material (See HC-403)

(o) providing for retehtion of Manufacturer’s Data
Reports [see HG-520,1(b), HC-403, and HC-502.10]

(p) the Certificateés-of Conformance for cast iron boiler
sections (see HG£520)

HG-515.3 Inspection by an Authorized
Inspector.

(a) "Except for cast iron boilers, cast aluminum boilers,
or\pressure relief valves, the inspection required by this
Section shall be by an Inspector employed by an ASME
Accredited Authorized Inspection Agency. These inspec-
tors shall have been qualified in accordance with ASME
QAI-1.

(b) The Inspector shall make all inspections specifically
required of him plus such other inspections as he believes
are necessary to enable him to certify that all boilers and
boiler parts constructed of wrought material that he
authorizes to be marked with the Certification Mark
have been designed and constructed in accordance
with the requirements of this Code Section. The required
inspections and verifications shall include, but not be
limited to, the following:

(1) checking to see that the Manufacturer has a valid
Certificate of Authorization (see HG-540) and is working
to the quality control system accepted by the Society (see
HG-540.1)

(2) checking to see that the design calculations,
drawings, specifications, procedures, records, and test
results are available (see HG-300, HG-200, HG-500,
HF-200, and HW-700)

(3) checking to see that material used in the
construction of the boiler and parts complies with the re-
quirements (see HG-200, HF-200, and HB-1100)

(4) checking to see that all welding procedures have

{H}—records-of-examination-ef partspriertojoining
make certain that they have been properly fitted for
welding or brazing and that the surfaces to be joined
have been cleaned and the alignment tolerances are main-
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been qualified (see HW-910)
(5) checking to see that all welders and welding
operators have been qualified (see HW-911)
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(6) checking to see that all brazing procedures have
been qualified (see HB-1501)

HG-520 Master and Partial Data Reports
HG-520.1 Manufacturer’'s Master Data Report.

(7) checking to see that all brazer and brazer npnrn_
o

tors have been qualified (see HB-1502)

(8) checkingto seethatthe properjointfactorisused
for brazed joints that can only be inspected from one side
(blind joint) (see HB-1503)

(9) checking to see that material imperfections
repaired by welding were acceptably repaired (see
HW-830 and HB-1402)

(10) visual inspection of boiler parts to confirm that
the material identification numbers have been properly
transferred (see HF-210)

(11) witnessing of proof tests conducted to establish
the maximum allowable working pressure of boilers (see
HG-500)

(12) inspecting each boiler and water heater during
construction and after completion (see HG-515.3)

(13) performing internal and external inspections
and witnessing hydrostatic tests (see HG-510)

(14) verifying that marking and/or nameplate is
proper and that it has been stamped and/or attached
to the proper boiler (see HG-530 through HG-533)

(15) signing the certificate of inspection on the
Manufacturer’s Data Report when the boiler or part is
complete and in compliance with all the provisions of
this Section (see HG-532.3, HG-533.6, and HG-520.2)

HG-515.4 Duty of Authorized Inspector.

(a) Each boiler shall be inspected during construction
and after completion and, at the option of the Authorized
Inspector, atsuch other stages of the work as hemay desig-
nate. For specific requirements, see the applicable parts of
this Section. Each Manufacturer or assembler is required
to arrange for the services of Authorizéd Inspectors (see
HG-515.2) to perform such inspections on all of this work
within the scope of this Section, whether performed in the
shop or in the field.

(b) When mass prodtction of boilers or HLW-marked
vessels makes itimpracticable for the Inspector to person-
ally perform each ef his required duties, the Manufacturer,
in collaboration with the Inspector, shall prepare an
inspection and_quality control procedure setting forth,
in complete detail, the method by which the requirements
of this.Section shall be maintained (for summaries of the
respousibilities of the Manufacturer and the duties of the
Ifspector see HG-515.2 and HG-515.3 for boilers or
HLW-600.2 and HLW-600.3 for HLW-marked vessels).
This procedure shall be included in the Manufacturer’s
written Quality Control System. It shall be developed,
accepted, and implemented in accordance with
Mandatory Appendix 7.

Each manufacturer of heating boilers of wrought materials
to which the Certification Mark with H designator is to be
applied shall compile a Manufacturer’s Data Report for
each boiler he produces, except that an individual
Manufacturer’s Data Report may be used to include.the
serial numbers in uninterrupted sequence of identical
boilers completed, inspected, and marked in a contihuous
8 hr period. Form H-2 or Form H-3 shall be used.

(a) The boiler Manufacturer shall haye the responsi-
bility of furnishing a copy of_the completed
Manufacturer’s Data Report at theplace of installation
to the inspection agency, the purchaser, and the state,
municipal, or provincial autherity.

(b) The Manufacturer shall either keep a copy of the
Manufacturer’s Data Report’on file for at least 5 years,
or the boiler may be, registered and the original Data
Report filed with“the National Board of Boiler and
Pressure Vessgl Inispectors, 1055 Crupper Avenue,
Columbus, Ohjo43229.

HG-520.2 Partial Data Reports.

(@),"Manufacturer’s Partial Data Reports for those parts
ofaboiler requiring inspection under this Code, which are
furnished by other than the shop of the manufacturer
responsible for the completed boiler, shall be executed
by the parts manufacturer and shall be forwarded in dupli-
cate to the manufacturer of the finished boiler.

(b) Partial Data Reports (Form H-4) shall be completed
for all parts that require inspection under this Code that
are fabricated by a manufacturer other than the manufac-
turer of the completed boiler. These Partial Data Reports,
together with his own inspection, shall be the final
Authorized Inspector’s authority to witness the applica-
tion of the Certification Mark to the completed boiler.

(c) Manufacturers with multiple locations, each with its
own Certificate of Authorization, may transfer parts from
one of their locations to another without Partial Data
Reports, provided the Quality Control System describes
the method of identification, transfer, and receipt of
the parts.

HG-520.3 Supplementary Sheet. Form H-6,
Manufacturer’s Data Report Supplementary Sheet, shall
be used to record additional data where space was insuf-
ficient on a Data Report Form. This Manufacturer’s Data
Report Supplementary Sheet will be attached to the
Manufacturer’s Data Report Form where used. If Form
H-6 is used in conjunction with Form H-5 or H-5A, the
Authorized Inspector’s certification is not applicable.

e . ca9.0 AA
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Requirements for completing multiple pages of Data

Report Forms are shown in Mandatory Appendix 4.
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Figure HG-530.1
Official Certification Mark to Denote the American

(3) For processes that do not remove or displace
material (e.g., etching, laser annealing), the surface condi-

—Societyof Mechanicat Engineers*-Standard

(21)

HG-530 Marking of Boilers

HG-530.1 Marking Requirements for Boilers
(and Economizers Built to Mandatory Appendix
10) Other Than Those Constructed Primarily of
Cast Iron or Cast Aluminum (See HG-530.2).

(a) All boilers to which the Certification Mark is to be
applied shall be built according to the rules of this Section
by a manufacturer who is in possession of a Certification
Mark and a valid Certificate of Authorization. Each boiler
shall be marked with the Certification Mark shown in
Figure HG-530.1 with the H designator and with the
following data except as permitted in (f) below:

(1) the boiler manufacturer’s name, preceded by the
words “Certified by”

(2) maximum allowable working pressure

(3) pressure relief valve capacity (minimum)jas
determined according to HG-402A.1(i) and HG-402A:2(f)

(4) heating surface, as determined ac¢érding to
HG-403A (or power input for electric boilers)

(5) manufacturer’s serial number

(6) year built

(7) maximum water temperature

(8) for economizers, heat abserption in Btu/hr (kW)

NOTE: The year built may be incorporated into the serial number
as a prefix consisting of the lasttwo digits of the year.

(b) The information‘listed in (a), including the
Certification Mark,_shall be applied by stamping,
etching, engraving; dot peening, laser annealing, or
another process-that leaves a permanent, legible mark.
No coatingthat obscures the marking shall be allowed.
For processés other than direct stamping, the following
additiohal requirements apply:

(1) The process controls shall be described in the
Quality Control System and shall be acceptable to the
Authorized Inspector.

(2) For any process that removes or displaces mate-
rial, controls shall be established so that the characters

tion shall be clean uncoated,and unpainted

(4) Laserannealing shall be allowed only on stainless
steel and aluminum.

(c) Items (a)(1) through (a)(7) listed in (a) above, with
the markings arranged substantially as shown in Figure
HG-530.2 or Figure HG-530.3, shall be marked with letters
atleast % in. (8 mm) high [except as permitted in (f)].and
in some conspicuous place on the boiler proper orfon a
nameplate at least %, in. (1.2 mm) thick permanently
fastened to the boiler proper.

(d) The location of the marking shall be.as follows:

(1) Horizontal Tubular Flue Type Bollers: on the front
head above the central rows of tubes of flues.

(2) Locomotive Firebox, Compact/or Vertical Firetube
Type Boilers: over or near the(fire door or handhole or
washout plug opening on theAront end or side.

(3) Watertube Type ‘\Boilers: on a head of the top
outlet drum. Waterwalls\and headers shall carry identi-
fying markings.

(4) Split-Section and Section Firebox Type Wrought
Boilers: over‘eb near the fire door or handhole or
washout plug,opening on the front end or side. Each
section shall carry identifying markings.

Figure HG-530.2
Steam and Water Boilers Form of Marking on
Completed Boilers or Their Nameplates
(Not Applicable for Boilers Constructed Primarily
of Cast Iron)

Certified by

(Name of Manufacturer)
TMAWP, Steam
H TMAWP, Water
"Maximum Water Temp.
2Heating surface boiler
3Heating surface water wall
Minimum relief valve capacity
Manufacturer’s serial no.
4Year built

GENERALNOTE: Acceptable abbreviations of any of the wording may
be used.

NOTES:
(1) For steam only boilers, MAWP Water and Maximum Water
Temperature markings are optional.

(2) Kilowatt power input for electric boilers.
(3) list each-tvne of surface-separately-Mav be omitted-if type
Al Jr L J J Jr

(21)

shall be at least 0.004 in. (0.10 mm) deep.

44

heating surface is not present.
(4) May be omitted when year built is prefix to serial number (see
HG-530.1).
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Figure HG-530.3
Boilers Suitable for Water Only
Nameplates
(Not Applicable for Boilers Constructed Primarily
of Cast Iron)

Certified by

(Name of Manufacturer)

MAWP, Water

H Maximum Water Temp.

"Heating surface boiler
2Heating surface water wall

Minimum relief valve capacity
Manufacturer’s serial no.
3Year built

GENERALNOTE: Acceptable abbreviations of any of the wording may
be used.

NOTES:

(1) Kilowatt power input for electric boilers.

(2) List each type of surface separately. May be omitted if type
heating surface is not present.

(3) May be omitted when year built is prefix to serial number (see
HG-530.1).

(5) Scotch Type Boilers: on either side ofthe shell
near the normal water level line adjacent te the front
tubesheet.

(e) On any of the above type boilers where there is not
sufficient space in the places designated and on other
types and new designs of boilers, the marking shall be
located in a conspicuous place:

(f) When there is insufficient space for the marking
required above, smallerletter dimensions may be
used, provided

(1) marking shall be as required in (a) through (c)
above, and

(2) chakagter size shall be no smaller than
s in. (4 ram)

(g9) The/marking on the boiler proper shall not be
coveréd/with insulating or other material unless

(1) the required markings are duplicated and
marked directly on the boiler casing in some conspicuous
place using letters and numerals at least 16 in. (8 mm)
high

(2) anopening with aremovable cover is provided in
the jacket or other form of casing so that, when removed,

(3) the required data are duplicated by stamping,
etching, or permanent marking with letters at least
1, . .

3in. x 4 in. (75 mm x 100 mm) size and permanently
attaching the nameplate to the casing in some conspicuous
place by mechanical means or by an adhesive system
meeting the requirements of Mandatory Appendix 3

(h) The Certification Mark may be preapplied.te a
nameplate. The nameplate may be attached-to the
boiler after the final fabrication and examination Sequence
butbefore the hydrostatic test, provided the procedure for
sequence of marking is described in the"manufacturer’s
accepted quality control system.

(i) The Certification Mark shallnet be used by an or-
ganization to which it was not/issued.

HG-530.2 Marking Requirements for Cast Iron or
Cast Aluminum Boilers.

(a) All cast iron bojler'parts or sections to which the
Certification Mark is.fo'be applied shall be built according
to the rules of tHis Section by a Manufacturer® who is in
possession ofa€ertification Mark and a valid Certificate of
Authorizatjen. Each boiler section, including end and
intermédiate cored sections, shall be cast or etched
withethe”Certification Mark shown in Figure HG-530.1
with'the H designator and with the following data cast
in(Tetters or numerals at least % in. (8 mm) high:

(1) the boiler or parts Manufacturer’s® name or ac-
ceptable abbreviation, preceded by the words “Certified
by:” (or “Cert. by” on cast boiler sections only where space
for marking is limited; the abbreviation “Cert. by” shall not
be used on nameplates)®

(2) maximum allowable working pressure” *

(3) pattern number

(4) casting date

Arrangement of data cast or etched on sections shall be
substantially as shown in Figure HG-530.4 for cast iron
steam or hot water heating boilers or Figure HG-530.5
for cast iron hot water heating boilers.

The process controls for etching shall be described in
the Quality Control System. Etched information shall have
a minimum depth of 0.004 in. (0.1 mm) and shall not
compromise the minimum wall thickness. The surface
condition where etching is applied shall be clean,
uncoated, and unpainted.

Other data may be cast or etched on the sections. The
marking “ASME” or “ASME standard” shall not be used.

(b) All cast aluminum boiler parts or sections to which
the Certification Mark is to be applied shall be built
according to the rules of this Section by a
Manufacturer® who is in possession of a Certification
Mark and a valid Certificate of Authorization. Each
boiler section, including end and intermediate cored

0

(21)
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sections,shatt-be—cast,stamped; oretchred—withtire
Certification Mark shown in Figure HG-530.1 with the
H designator and with the following data cast in letters
or numerals at least % in. (8 mm) high:
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Figure HG-530.4
Steam and Water Boilers

(5) the material specification identification number

and grade or an abbreviation traceable to the material

certification> 10

iter
Sections

Certified by

(1)
Name of Manufacturer

MAWP, Steam

MAWP, Water (2)

(3)
(Pattern number)

(4)
(Casting date)

GENERAL NOTE: For (1) through (4), refer to HG-530.2(a)(1)
through HG-530.2(a)(4).

Figure HG-530.5
Boilers Suitable for Water Only
Form of Data Cast or Marked on Cast Iron Boiler
Sections

Certified by

(1)
Name of Manufacturer

MAWP, Water _____.\ (2)

(8)
(Pattern number)

(4)
(Casting date)

GENERAL NOTE: For.(1)/through (4), refer to HG-530.2(a)(1)
through HG-530.2(a)(4).

(1J5the boiler or parts Manufacturer’s® name or ac-
ceptable abbreviation, preceded by the words “Certified
by:"(or “Cert. by” on cast boiler sections only where space
for marking is limited; the abbreviation “Cert. by” shall not
be used on nameplates)’

(2) maximum allowable working pressure® °

(3) pattern number
=5

In lieu of directly marking the castings, the data in items
(b)(1), (b)(2), and (b)(5) may be stamped or etched on a
permanently attached %, in. (0.2 mm) thick nonferrous
nameplate using letters and numerals atleast % in. (3 mm)
high.

Arrangement of data marked on sections or on a name-
plate shall be substantially as shown in Figure HG-530.6
for cast aluminum hot water heating boilers.

The process controls for etching shall be described in
the Quality Control System. Etched information shall have
a minimum depth of 0.004 in. (0.1 mmj and shall not
compromise the minimum wall thicknéss. The surface
condition where etching is appli€d shall be clean,
uncoated, and unpainted.

Other data may be cast, stamped, or etched on the
sections. The marking “ASME* or “ASME standard” shall
not be used.

(c) When the boiler/size and number of sections have
been decided, th€ completed boiler shall be marked with
the Certification’Mark shown in Figure HG-530.1 with the
H designator’and with the following data:

(1)-the Shop Assembler’s name preceded by the
words.“Certified by”

(2) maximum allowable working pressure

(3) pressure relief valve capacity (minimum), as
determined according to HG-402A.1(i) and HG-402A.2(f)

(4) maximum water temperature

(d) The Shop Assembler that is in possession of a
Certification Mark and valid Certificate of
Authorization shall be one of the following:

(1) the shop that assembles sections into boilers,
performs the hydrostatic test, and installs the nameplate

(2) the shop that installs the nameplate on a boiler,
previously assembled and hydrotested by another author-
ized Certificate Holder

(3) the shop that only installs the nameplate on a
boiler.

(e) The markings for the completed boiler shall be
arranged substantially as shown in Figure HG-530.7 or
Figure HG-530.8.

(f) Data for more than one size boiler in a model series
may be listed on the nameplate. When different model
numbers having the same number of sections and
jacket length have different minimum pressure relief
valve capacities, the highest value shall be listed. The
following additional information shall be included for
each size listed:

(1) boiler model number
(2) number of sections
(3) jacket length

(4) casting date

46

(4) the statement: “To determine boiler size, count
the number of sections or measure the jacket length”
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Figure HG-530.6
Boilers Suitable for Water Only

Boiler Sections

Figure HG-530.8
Boilers Suitable for Water Only

Aluminum Boilers or Their Nameplates

Certified by

(1)
Name of Manufacturer

MAWP, Water
(3)
(Pattern number)
(4)
(Casting date)

(5)
(Material specification/grade)

(2)

Certified by

Name of Shop Assembler

MAWP, Water

Maximum Water Tempg.

Minimum relief valve-capacity

GENERAL NOTE: For (1) through (4), refer to HG-530.2(b)(1)
through HG-530.2(b)(5).

Figure HG-530.7
Steam and Water Boilers
Form of Marking on Completed Cast Iron Boilers or
Their Nameplates

Certified by

Name of Shop Assembler

MAWP, Steam
MAWP, Watep

Maximum Water, Temp.

Minimum reliefvalve capacity

(g) The\provisions of (c) above shall be met utilizing
one of the following methods:

(1) stamping or etching the required markings on a
fenferrousnameplateatleast3in.x4in.(75mmx100mm)
in size and %, in. (1.2 mm) thick using letters and
numerals at least % in. (3 mm) high and permanently
attaching the nameplate to the boiler proper in some
conspicuous place. The nameplate shall not be covered
with insulating or other material except that when a

(2) stamping or etching the required markings
directly ifito"the boiler jacket in some conspicuous
placefdsing letters and numerals at least
16i:(8 mm) high.

(3) stamping or etching the required data on a
nonferrousnameplateatleast3in.x4in.(75mmx100mm)
in size using letters and numerals at least % in. (3 mm)
high and permanently attaching the nameplate to the
casing in some conspicuous place by mechanical means
or by an adhesive system.

(4) marking the required data on a nonmetallic
nameplate at least 3 in. x 4 in. (75 mm x 100 mm) in
size using letters and numerals at least % in. (3 mm)
high and permanently attaching the nameplate to the
casing in some conspicuous place by an adhesive system.

(5) the nameplate and the adhesive system shall
meet the requirements of Mandatory Appendix 3.
Other data may be marked on the jacket or the nameplate
provided the required markings are distinct and separate
from the other data. The marking “ASME” or “ASME stan-
dard” shall not be used.

(6) the Certification Mark may be preapplied to a
nameplate.

(7) the nameplate may be attached to the casing of a
cast iron or cast aluminum boiler by the Manufacturer or
Shop Assembler at a plant other than that shown on his
Certificate of Authorization provided the plant is owned
by the Certificate Holder and the nameplate’s control and
use is addressed in his Quality Control Manual.

(8) the Certification Mark shall not be used by an
organization to which it was not issued.

HG-530.3 Modul

jacket or other form of casing is applied to a boiler, an
opening with a removable cover shall be provided for
viewing the required marking.

47

complying with HG-607, HG-615, HG-710.4, and
HG-716 may be marked and certified as follows:
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Figure HG-531.1
Form of Marking on Part or Accessory —

(c) Small parts [5-in. (125-mm) O.D. and under] may be
marked with an identification acceptable to the Inspector

(21)

H-Designator

(Name of Manufacturer)

(Serial Number of Part)

PART

(a) Individual modules are marked and certified as
complete boilers, each with its own nameplate marking
and Manufacturer's Data Report. The heating surface
and required minimum pressure relief valve capacity
of each module shall be included on the individual
nameplates.

(b) Individual modules are combined together and
provided with a single nameplate and Manufacturer's
Data Report. When certified as a single boiler, the aggre-
gate heating surface of all the modules and the combined
minimum pressure relief valve capacity shall be marked
on the nameplate. Additionally, the supply and return
headers shall be constructed in accordance with
Section IV and recorded on the Manufacturer's Data
Report.

(c) Modular boilers that are installed side by Side, front
to back, or by stacking in accordance with the
Manufacturer's recommendations shall have their name-
plate marking located to provide access-for inspection in
the assembled position.

HG-531 Marking of Parts and Accessories

(a) Parts and accessories of boilers for which Partial
Data Reports are required by HG-520.2 shall be marked in
one of the following,manners:

(1) the official Certification Mark shown in
Figure HG-580y1"with the H designator above the word
“Part” alofig with the following:

(=a)" the part manufacturer’s name
(-b) the part manufacturer’s serial number

(2) the official Certification Mark shown in Figure
HG-530.1 with the PRT designator along with the
following:

(-a) the part manufacturer's name
(-b) the part manufacturer's serial number

(e.g. 3 barcode etching -orvpaintstencil-and-traceable to
Crov 4 O r J

the Partial Data Reportin lieu of the markings described in
(a) and (b). Such marking shall be of a type that will remain
visible until the part is installed. The Certification Mark is
not required.

(d) No partoraccessory of aboiler may be marked with
the Certification Mark shown in Figure HG-530.1 unless$o
specified in the Code. The markings “ASME” or “ASME
standard” shall not be used.

(e) Manufacturers and assemblers of paruts or acces-
sories who do not perform or assume any.design respon-
sibility for the parts or accessories theymdnufacture shall
identify on the Partial Data Report the organization
responsible for the design of the part or accessory.

HG-532 Marking of Field~Assembled Wrought
Boilers

HG-532.1 Responsibility of Manufacturer of
Boiler Unit. Whén a boiler manufactured of wrought
material is furaished by one manufacturer and is not
assembledardd subjected to hydrostatic test prior to ship-
ment, the'manufacturer of the boiler unit shall compile a
Manufaeturer’s Data Report Form H-2 or Form H-3
recording all items of the complete boiler unit.

HG-532.2 Execution of Manufacturer’s Data
Report. The Manufacturer’s Data Report shall be prop-
erly executed by the manufacturer and the Authorized
Inspector, who shall sign the certificate of shop inspection
certifying that each enumerated item that has been
inspected at the shop conforms to the requirements of
the ASME Code. The manufacturer in signing each Data
Report shall state under his signature the expiration
date on the Certificate of Authorization to use the
Certification Mark.

Figure HG-531.2
Form of Marking on Part or Accessory —
PRT Designator

(Name of Manufacturer)

PRT

(b) The markings for the completed part or accessory
shall be arranged substantially as shown in Figure
HG-531.1 or Figure HG-531.2.

48

(Serial Number of Part)
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HG-532.3 Applying the Certification Mark and
Certifying Data Report Forms. Proper marking as
required-by HG=530-tshatt beappled-at-the—shop;and
the data sheets shall be signed by the same or different
Inspectors who shall indicate the portions of the inspec-
tions made at the shop and in the field.

HG-533 Inspection and Marking of Field-
Assembled Boiler Pressure Parts

HG-533.1 Authorized Assemblers and Welders.
The assembly of any parts or subassemblies of the unit
that requires welding shall be made by one possessing
a heating boiler Certificate of Authorization. The
welding of any parts or subassemblies during field
assembly shall be done by persons who meet the require-
ments of HW-610.

HG-533.2 Execution of Data Report Sheet. When
the assembly is made by anyone other than the manufac-
turer of the boiler unit, the Data Report sheet properly
executed in accordance with HG-532 shall be forwarded
to the assembler who shall be responsible for the proper
handling of the Data Report and who shall fill in such items
as are not filled in at the shop, and sign the Data Sheet as
the “assembler” or “assembling organization” instead of
“manufacturer.” He shall also append, above his signature,
the statement: “We certify that the field assembly of all
parts conform with the requirements of the ASME
Boiler and Pressure Vessel Code.”

HG-533.3 Field Inspection by Authorized
Inspector. The field inspection shall be made by an
Authorized Inspector (as defined in HG-515:3) and the
Inspector shall make such inspection$, as he believes
are needed to enable him to certifyhat the boiler has
been constructed in accordance with the Code.
Properly executed Manufacturer's’'Data Reports, together
with the Inspector’s own inspection, shall constitute his
authority to sign the certificate of field inspection.

HG-533.4 Application of Assembler’s
Certification Mark. The Assembler’s Certification
Mark with H designator, together with the assembler’s
name or ap-acceptable abbreviation, shall be applied in
the field"on“the boiler near the marking called for in
HG-530,1, when the assembly is accepted by the
Authaorized Inspector.

HG-533.5 Application for Certification Mark.
With H Designator. Applicants for Certification Mark
with H designator to be used only in the field assembly
of heating boilers shall so state on the application form,
and the Certificate of Authorization issued to such appli-

field assembly of welded boilers constructed to Section
IV (see HG-540).

HG-533.6 Certificate of Field Inspection. The
certificate of field inspection on the Data Report shall
be executed by the Authorized Inspector. The assembler
or assembling organization shall have the responsibility
for forwarding and filing of Manufacturer’s Data Reports
as required by HG-520.1(a) and HG-520.1(b).

HG-533.7 Mechanical Field Assembly. For a
boiler manufactured of wrought materials-that has not
been completed in the Manufacturér’s shop, field
assembly involving no welding deés‘not need to be
performed by a Company possessing a heating boiler
Certificate of Authorization. HowevVer, when a boiler is
not assembled by a Certificate Holder, the
Manufacturer assuming responsibility for the completed
boiler is responsible for providing for field inspection by
an Authorized Inspector employed by the Manufacturer’s
Authorized Inspection Agency, and signature of the
Certificate of Field’Assembly Compliance by a represen-
tative of theManufacturer, after the required hydrostatic
test has, béen completed. Application of an assembler
Certification Mark with H designator in accordance
with HG-533.4 is not required.

HG-534 Field-Assembled Cast Iron Boilers

HG-534.1 Hydrostatic Tests. Each individual
section or boiler part shall be subjected to a hydrostatic
test as required in HC-410 at the Manufacturer’s plant
prior to shipment.

HG-534.2 Marking. The marking on castiron boilers
shall meet the requirements of HG-530.2. The nameplate
shall be attached to the casing by the Manufacturer or Shop
Assembler.

HG-534.3 Assembly Instructions. The
Manufacturer shall provide printed instructions for the
installer to follow when mechanically assembling the
boiler, including instructions for performing the hydro-
static test of the assembled boiler in HC-410.1 and
HC-410.2.

HG-540 Certification Marks

(21)

HG-540.1 Authorization. A Certificate of (21)

Authorization to use the Certification Mark with H,
HLW, and/or PRT designator will be granted by the
Society pursuant to the provisions of the following para-
graphs. Stamps for applying the Certification Mark shall be
obtained from the Society.

cants shall show that the authorization to use the
Certification Mark with H designator is limited to the
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HG'5|0.2 A l. I. f e l.f. t f

Authorization. Any organization desiring a Certificate
of Authorization shall apply to ASME in accordance
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with the certification process of ASME CA-1. Authorization
to use Certification Marks may be granted, renewed,

to a joint review by his Authorized Inspection Agency
and an ASME Designee who is selected by the concerned

cncpnnﬂnﬂ, or-withdrawn-as cpnrifinﬂ n-ASME CA-1

HG-540.3 Designated Oversight. The
Manufacturer shall comply with the requirements of
ASME CA-1 for designated oversight by use of an
Authorized Inspection Agency or Certified Individual,
as applicable.

HG-540.4 Quality Control System. Any
Manufacturer or Shop Assembler holding or applying
for a Certificate of Authorization shall have and demon-
strate a quality control program that meets the require-
ments of ASME CA-1 and establishes that all Code
requirements, including material, design, fabrication, ex-
amination (by the Manufacturer), inspection of boilers,
vessels, parts (by the Authorized Inspector), pressure
testing, and certification will be met.

(a) The quality control system shall be in accordance
with the requirements of Nonmandatory Appendix F,
except for Cast Iron Boiler and Cast Aluminum Boiler
Certificate Holders.

(b) The quality control system shall be in accordance
with the requirements of Article 5 of Part HC and Part HA,
respectively, for Cast Iron Boiler and Cast Aluminum
Boiler Certificate Holders.

(c) For Manufacturers and Assemblers of parts who do
not perform or assume any design responsibility for the
parts they manufacture, the quality control system need
only describe how the design documents, including speci-
fications, drawings, and sketches that are received from
the purchaser of the part, are controlled and how the parts
are controlled when in the custody of theparts’
Manufacturer or Assembler.

HG-540.5 Evaluation for Authorization and
Reauthorization. Before issuance or renewal of a
Certificate of Authorization for use-of the Certification
Mark with the H, HLW, or(BRT designator, the
Manufacturer’s facilities and,erganization are subject

]ngn] Jinricr]irfinn’ nvrnpf thatfor Certification Marlkaith H

designator (castiron) and Certification Mark with H desig-
nator (cast aluminum), the review shall be yearly by an
ASME Designee selected by ASME.

Certificates of Authorization will be endorsed to indi-
cate the scope of activity authorized.

HG-540.6 Authorization of Changes. Any changes
to be made in the quality control system shall be made and
accepted in accordance with the requirementsspeeified in
ASME CA-1. For Manufacturers of multiple diiplicate pres-
sure vessels,' acceptance of these changes by the juris-
diction (if applicable) and an ASME®Designee is also
required.

For those areas where there issiojurisdiction, that func-
tion shall be performed by anfASME Designee selected by
ASME. Where a jurisdiction does not review a
Manufacturer’s facility, that function shall be performed
by an ASME Designeé who is selected by the concerned
legal jurisdictiony Where the jurisdiction is the
Manufacturer’s-liispection Agency, the joint review and
joint report’shall be made by the jurisdiction and an
ASME Designe€e.

HG-540.7 Code Construction Before Receipt of
Certificate of Authorization. When used to demon-
strate his quality control system, a Manufacturer may
start fabricating Code items before receipt of a
Certificate of Authorization to use the Certification
Mark under the conditions specified in ASME CA-1.

HG-540.8 Regulations on Use of the
Certification Mark. ASME may, at any time, revise
the regulations concerning the issuance and use of the
Certification Mark as it deems appropriate, and all
such regulations shall become binding upon the
holders of any valid Certificates of Authorization.
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ARTICLE 6
INSTRUMENTS, FITTINGS, AND CONTROLS

HG-600 GENERAL

All instruments, fittings, and controls described in this
Article shall be installed prior to operation.

HG-601 FOR STEAM HEATING BOILERS

HG-602 Steam Gages

(a) Each steam boiler shall have a steam gage or a
compound steam gage connected to its steam space or
to its water column or to its steam connection. The
gage or piping to the gage shall contain a siphon or equiva-
lentdevice that will develop and maintain a water seal that
will prevent steam from entering the gage tube. The piping
shall be so arranged that the gage cannot be shut off from
the boiler except by a cock placed in the pipe at the gage
and provided with a tee- or lever-handle arranged to be
parallel to the pipe in which it is located when the cock.s
open. The gage connection boiler tapping, external siphon,
or piping to the boiler shall not be less than NPS %, (DN 8).
Where steel or wrought iron pipe or tubing is.used, the
boiler connection and external siphon shall’he not less
than NPS ', (DN 15). Ferrous and nonférrous tubing
having inside diameters at least equal te-that of standard
pipe sizes listed above may be substituted for pipe.

(b) The scale on the dial of a steam boiler gage shall be
graduated to not less than 30 psi(200 kPa) nor more than
60 psi (414 kPa). The travel of the pointer from 0 psi to
30 psi (0 kPato 200 kPa)pressure shall be atleast 3 in. (75
mm).

HG-603 Water_Gage Glasses

(a) Each steam boiler shall have one or more water
gage glasses attached to the water column or boiler by
mean$.of valved fittings not less than NPS %, (DN 15),
with the lower fitting provided with a drain valve of a
type having an unrestricted drain opening not less
than %, in. (6 mm) in diameter to facilitate cleaning.
Gage glass replacement shall be possible with the
boiler under pressure. Water glass fittings may be
attached directly to a boiler.

of sufficient size to show the water at both@efmal oper-
ating and low-water cutoff levels.

(b) Thelowestvisible part of the water gage glass shall
be at least 1 in. (25 mm) above thedowest permissible
water level recommended by the“boiler Manufacturer.
With the boiler operating at\this lowest permissible
water level, there shall be-no danger of overheating
any part of the boiler.

Each boiler shall bé proevided at the time of the manu-
facture with a permanent marker indicating the lowest
permissible water/level. The marker shall be stamped,
etched, or castin metal; or it shall be a metallic plate
attached by rivets, screws, or welding; or it shall
consist{of, material with documented tests showing its
suitability as a permanent marking for the application.
This/marker shall be visible at all times. Where the
boiler is shipped with a jacket, this marker may be
located on the jacket.

NOTE: Transparent material other than glass may be used for the
water gage provided that the material will remain transparent
and has proved suitable for the pressure, temperature, and
corrosive conditions expected in service.

(c) Inelectric boilers of the submerged electrode type,
the water gage glass shall be so located to indicate the
water levels both at startup and under maximum
steam load conditions as established by the manufacturer.

(d) In electric boilers of the resistance element type,
the lowest visible part of the water gage shall be located at
least 1 in. (25 mm) above the lowest permissible water
level specified by the Manufacturer. Each electric boiler of
this type shall also be equipped with an automatic low-
water cutoff on each boiler pressure vessel so located as to
automatically cut off the power supply to the heating
elements before the surface of the water falls below
the lowest visible part of the water gage glass.

(e) Tubular water glasses on electric boilers having a
normal water content not exceeding 100 gal (300 L) shall
be equipped with a protective shield.

(f) A water level indicator using an indirect sensing
method may be used in lieu of an operating water
gauge glass; however, a water gauge glass must be
installed and operable but may be shut off by valving.
The water level indicator must be attached to a water

10 in. (250 mm) may be equipped with a water level indi-
cator of the Glass Bull’s-Eye type provided the indicator is
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column or directly to the boiler by means of valved fittings
not less than NPS %, (DN 15). The device shall be provided
with a drain valve of a type having an unrestricted drain
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opening notless than %, in. (6 mm) in diameter to facilitate
cleaning. Service and replacement of internal parts and/or

of maintaining a water seal that will prevent steam
from entering the control. The control connection

housinag shall be pr\ccih]n with-the boiler under pressure
]

HG-604 Water Column and Water Level Control
Pipes

(a) The minimum size of ferrous or nonferrous pipes
connecting a water column to a steam boiler shall be NPS 1
(DN 25). No outlet connections, except for damper regu-
lator, feedwater regulator, steam gages, or apparatus that
does not permit the escape of any steam or water except
for manually operated blowdowns, shall be attached to a
water column or the piping connecting a water column to a
boiler (see HG-705 for introduction of feedwater into a
boiler). If the water column, gage glass, low-water fuel
cutoff, or other water level control device is connected
to the boiler by pipe and fittings, no shutoff valves of
any type shall be placed in such pipe, and a cross or equiva-
lent fitting to which a drain valve and piping may be
attached shall be placed in the water piping connection
at every right angle turn to facilitate cleaning. The
water column drain pipe and valve shall be not less
than NPS %, (DN 20).

(b) The steam connections to the water column of a
horizontal firetube wrought boiler shall be taken from the
top of the shell or the upper part of the head, and the water
connection shall be taken from a point not above the
center line of the shell. For a cast iron boiler, the
steam connection to the water column shall be taken
from the top of an end section or the top of the steam
header, and the water connection shall be made ‘on/an
end section not less than 6 in. (150 mm) below the
bottom connection to the water gage glass.

HG-605 Pressure Control

Each automatically fired steam boiler shall be protected
from overpressure by two pressure-operated controls.
These controls shall conform~to UL 353, Standard for
Limit Controls, and shall be-accepted by a nationally recog-
nized testing agency.

(a) Each individtia) automatically fired steam boiler
shall have a safety/limit control that will cut off the
fuel supply to ‘prevent steam pressure from exceeding
the 15 psi (100 kPa) maximum allowable working pres-
sure of theboiler. Each control shall be constructed to
preverit a pressure setting above 15 psi (100 kPa).

(b)) Each individual steam boiler shall have a control
that will cut off the fuel supply when the pressure reaches
an operating limit, which shall be less than the maximum
allowable pressure.

(c) Shutoff valves of any type shall not be placed in the

boiler tappineg-external sinhon-—or pining to the boiler
rr o7 r 7 r r o

shall be not less than NPS '/, (DN 8). When a control incor-
porating a mercury switch is mounted on a siphon, the
loop of the siphon shall be in a plane that is 90 deg
(1.57 rad) from the plane of the switch.

(1) Steam pressure supply connections to a single
pressure control using pipe of nonferrous material
shall be not less than NPS Y, (DN 8) for lengths_ iip to
and including 5 ft (1.5 m), and not less thaiNPS Y,
(DN 15) for lengths over 5 ft (1.5 m).

(2) Steam pressure supply connections to a single
pressure control using pipe of ferrous-imaterial shall be
not less than NPS ', (DN 15) for lewgths up to and
including 5 ft (1.5 m), and not less.than NPS 1 (DN 25)
for lengths over 5 ft (1.5 m).

(3) Pressure controls should have separate pressure
connections; however, manifolding is permitted. When
multiple controls are fed.from a manifold, the manifold
and common source\connection to the boiler, for pipe
of nonferrous material, shall be not less than NPS 1/2
(DN 15) for léngths up to and including 5 ft (1.5 m),
and not less/than NPS %, (DN 20) for lengths over 5 ft
(1.5 m),Formanifolds using ferrous material, the manifold
and cemmon source connection to the boiler, shall be not
lessthan NPS %, (DN 20) for lengths up to and including 5 ft
(1'5m) and not less than NPS 1%, (DN 32) for lengths over
5 ft (1.5 m). Individual controls are to be piped from the
manifold according to the provisions of (2) and (3) above.

(4) Tubing suitable for the temperatures and pres-
sures involved, having an inside diameter at least equal to
the required standard pipe sizes, may be substituted for

pipe.

HG-606 Automatic Low-Water Fuel Cutoff and/or
Water Feeding Device

(a) Eachautomatically fired steam boiler shall have an
automatic low-water fuel cutoff, conforming to UL 353,
Standard for Limit Controls, and accepted by a nationally
recognized testing agency. This device shall be so located
as to automatically cut off the fuel supply before the
surface of the water falls below the lowest visible part
of the water gage glass. If a water feeding device is
installed, it shall be so constructed that the water inlet
valve cannot feed water into the boiler through the
float chamber and so located as to supply requisite
feedwater.

(b) Such a fuel cutoff or water feeding device may be
attached directly to a boiler. A fuel cutoff or water feeding
device may also be installed in the tapped openings avail-
able for attaching a water glass directly to a boiler,

STEalT PresSUre CONMECtiON DetwWeelT the boiler and the
controls described in (a) and (b) above. These controls
shall be protected with a siphon or equivalent means
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provided the connections are made to the boiler with
nonferrous tees or Y’s not less than NPS %, (DN 15)
between the boiler and the water glass so that the
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water glass is attached directly and as close as possible to
the boiler; the run of the tee or Y shall take the water glass

take the fuel cutoff or water feeding device. The ends of all
nipples shall be reamed to full-size diameter.

(c) Fuel cutoffs and water feeding devices embodying a
separate chamber shall have a vertical drain pipe and a
blowoff valve not less than NPS %, (DN 20), located at the
lowest point in the water equalizing pipe connections so
that the chamber and the equalizing pipe can be flushed
and the device tested.

HG-607 Modular Steam Heating Boilers

(a) Each module of a modular steam heating boiler

shall be equipped with

(1) steam gage, see HG-602

(2) water gage glass, see HG-603

(3) apressure control that will cut off the fuel supply
when the pressure reaches an operating limit, which shall
be less than the maximum allowable pressure

(4) low water cutoff, see HG-606

(b) The assembled modular steam boiler shall also be
equipped with a safety limit control that will cut off the fuel
supply to prevent steam pressure from exceeding the
15 psi (100 kPa) maximum allowable working pressure
of the boiler. The control shall be constructed to prevent a
pressure setting above 15 psi (100 kPa).

(c) When the assembled modular boiler is certified as.a
single boiler in accordance with HG-530.3(b), the steam
gage required on each module by (a)(1) may be replaced
by a single gage located on the supply headefx

HG-610 FOR HOT WATER HEATING OR HOT
WATER SUPPLY BOILERS

HG-611 Pressure or Altitude-Gages

(a) Each hot water heatihg or hot water supply boiler
shall have a pressure ortaltitude gage connected to it or to
its flow connection in such a manner that it cannot be shut
off from the bojlet-except by a cock with tee or lever
handle, placed on' the pipe near the gage. The handle
of the cock-shall be parallel to the pipe in which it is
located when the cock is open.

(b)Mechanical Gages (Analog). The scale on the dial of
thespressure or altitude gage shall be graduated to notless
than 1Y% nor more than 3% times the pressure at which
the pressure relief valve is set.

(c) Electronic gages used in lieu of mechanical gages
shall meet the following requirements:

(1) Gage shall be powered from the boiler power
supply and it shall have a display that remains on at

(2) The full scale range of the transducer must be a
minimum of 1% times the pressure at which the pressure
i i e ithin +204 of full

scale.

(3) The transducer shall have a media compatibility
of both liquids and gases and be temperature
compensated.

(4) The gage shall have an operating temperature
range of 32°F to 250°F (0°C to 120°C) unless othérwise
required by the application.

(d) Piping or tubing for pressure- or altitude-gage
connections shall be of nonferrous metal when smaller
than NPS 1 (DN 25).

HG-612 Thermometers/Temperature Sensors

Each hot water heating or hot water supply boiler shall
have a thermometer or temiperature sensor with display
so located and connected-that it shall be easily readable.
The thermometer orsénsor shall be so located that it shall
at all times indicate the temperature of the water in the
boiler at or mrear the outlet.

(a) Thetmometer shall have a minimum reading of
70°F (20°C) or less.

(b)~-Thermometer shall have a maximum reading at
leastequal to 320°F (160°C) but not more than 400°F
(205°Q).

(c) Electronictemperature sensor used inlieu of a ther-
mometer shall meet the following requirements:

(1) The sensor shall be powered from the boiler
power supply, and it shall have a display that remains
on at all times. The sensor shall have a backup power
supply.

(2) The full scale of the sensor and display must be a
minimum of 70°F (20°C) to 320°F (160°C). It shall be accu-
rate to within +1 deg.

(3) The sensor shall have a minimum operating
temperature range of 32°F to 300°F (0°C to 150°C).

(4) The display shall have an ambient operating
temperature range of 32°F to 120°F (0°C to 50°C)
unless otherwise required by the application.

HG-613 Temperature Control

Each automatically fired hot water heating or hot water
supply boiler shall be protected from over-temperature by
two temperature-operated controls. These temperature
control devices shall conform to UL 353, Standard for
Limit Controls, and shall be accepted by a nationally recog-
nized testing agency.

(a) Each individual automatically fired hot water
heating or hot water supply boiler shall have a high
temperature limit control that will cut off the fuel

all times. The gage shall have a backup power supply.
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ture at the boiler outlet. This control shall be constructed
to prevent a temperature setting above the maximum.
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(b) Each individual hot water heating or hot water
supply boiler shall have a control that will cut off the

The control shall be constructed to prevent a temperature
setting above the maximum. This control shall be located

fuel cnpp]y when the cycfnm water fnmpnrafnrn

reaches a preset operating temperature, which shall be
less than the maximum water temperature.

HG-614 Low-Water Fuel Cutoff

(a) Each automatically fired hot water heating or hot
water supply boiler with heat input greater than 400,000
Btu/hr (117 kW) shall have an automatic low-water fuel
cutoff that has been designed for hot water service
conforming to UL 353, Standard for Limit Controls, and
accepted by a nationally recognized testing agency.
This device shall be so located as to automatically cut
off the fuel supply when the surface of the water falls
to thelevel established in (b) below (see Figure HG-703.2).

(b) Asthereisnonormal waterline to be maintained in
ahotwater boiler, any location of the low-water fuel cutoff
above the lowest safe permissible water level established
by the boiler manufacturer is satisfactory.

(c) A coil-type boiler or a watertube boiler with heat
input greater than 400,000 Btu/hr (117 kW) requiring
forced circulation to prevent overheating of the coils
or tubes shall have a flow-sensing device installed in
lieu of the low-water fuel cutoff required in (a) above
to automatically cut off the fuel supply when the circu-
lating flow is interrupted.

(d) A means shall be provided for testing the operation
of the external low-water fuel cutoff without resorting to
draining the entire system. Such means shall not render
the device inoperable except as described as followskIfthe
means temporarily isolates the device from thé& boiler
during this testing, it shall automatically return to its
normal position. The connection may bel'se arranged
that the device cannot be shut off from the boiler
except by a cock placed at the dewvice and provided
with a tee or lever-handle arranged to be parallel to
the pipe in which it is located when the cock is open.

HG-615 Modular Hot Water Heating Boilers and
Hot Water-Supply Boilers

(a) Each module.of a modular boiler shall be equipped
with
(1) pressure/altitude gage, see HG-611
(2)_thermometer, see HG-612
(B)_temperature control that will cut off the fuel
supply when the temperature reaches an operating
limit, which shall be less than the maximum allowable
temperature
(b) The assembled modular boiler shall also be
equipped with

within 3 ft (1 Q m) ofthe Firh'ng nnnnnm—ingfhnlacr module
to the heating supply piping
(2) low water fuel cutoff, see HG-614

(c) When the assembled modular boiler is certified as a
single boiler in accordance with HG-530.3(b), the pres-
sure/altitude gage and thermometer required on each
module by (a)(1) and (a)(2) may be replaced by'a
single gage and thermometer located on the supply
header.

HG-620 FOR ALL BOILERS

HG-621 Instruments, Fittings, and Controls
Mounted Inside Boiler: Jackets

Any or all instruments, fittings, and controls required by
these rules may be installed inside of boiler jackets
provided the water gage“on a steam boiler is accessible
without the use of tools’and provided the water gage and
pressure gage on.a steam boiler or the thermometer and
pressure gage ‘i a water boiler are visible through an
opening or.@penings at all times.

HG-630 ELECTRIC WIRING

HG-631 Electrical Code Compliance

All field wiring for controls, heat generating apparatus,
and other appurtenances necessary for the operation of
the boiler or boilers should be installed in accordance with
the provisions of the National Electric Code and/or should
comply with the applicable local electrical codes. All
boilers supplied with factory mounted and wired controls,
heat generating apparatus, and other appurtenances nec-
essary for the operation of the boilers should be installed
in accordance with the provisions of the nationally recog-
nized standards such as those of HG-640."

HG-632 Type Circuitry to be Used

Whether field or factory wired, the control circuitry
shall be positively grounded and shall operate at 150 V
orless. One of the two following systems may be employed
to provide the control circuit.

(a) Two-Wire Nominal 120 V System With Separate
Equipment Ground Conductor

(1) This system shall consist of the line, neutral, and
equipment ground conductors. The control panel frame
and associated control circuitry metallic enclosures
shall be electrically continuous and be bonded to the
equipment ground conductor.

(1) a safety Hmit control that will cut off the fuel
supply to prevent the water temperature from exceeding
the maximum allowable temperature at the boiler outlet.
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(2) The equipment ground conductor and the
neutral conductor shall be bonded together at their
origin in the electrical system as required by the NEC."?
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(3) The line side of the control circuit shall be
provided with a time delay fuse sized as small as

Consideration should also be given to the type and location
of the switch to safeguard against tampering. If the boiler

prar‘firﬂh]n

(b) Two-Wire Nominal 120 V System Obtained By Using
an Isolation Transformer

(1) The two-wire control circuit shall be obtained
from the secondary side of an isolation transformer.
One wire from the secondary of this transformer shall
be electrically continuous and shall be bonded to a conve-
nient cold water pipe. All metallic enclosures of control
components shall be securely bonded to this ground
control circuit wire. The primary side of the isolation
transformer will normally be a two-wire source with a
potential of 230 V or 208 V or 440 V.

(2) Both sides of the two-wire primary circuit shall
be fused. The hotleg on the load side of the isolation trans-
former shall be fused as small as practicable and in no case
fused above the rating of the isolation transformer.

HG-633 Limit Controls
Limit controls shall be wired on the hot orline side of the
control circuit.

HG-634 Shutdown Switches and Circuit Breakers

A manually operated remote heating plant shutdown
switch or circuit breaker should be located just outside
the boiler room door and marked for easy identificatiofi

room-doorisonthe building exteriorthe switch-should be
5

located just inside the door. If there is more than one door
to the boiler room, there should be a switch located at each
door.

(a) For atmospheric-gas burners, and oil burnets
where a fan is on a common shaft with the oil pump,
the complete burner and controls should be shut'off.

(b) For power burners with detached auxiliaties, only
the fuel input supply to the firebox need be-shut off.

HG-640 CONTROLS AND HEAT-GENERATING
APPARATUS

(a) Oil and gas-fired and ‘electrically heated boilers
should be equipped with Gujtable primary (flame safe-
guard) safety controls/safety limit switches, and
burners or electric elements as required by a nationally
recognized standard:"

(b) The symbolof the certifying organization'* that has
investigated{such equipment as having complied with a
nationally\recognized standard shall be affixed to the
equipmeént and shall be considered as evidence that
the-tinit was manufactured in accordance with that
standard.
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ARTICLE 7
INSTALLATION REQUIREMENTS

HG-700 INSTALLATION REQUIREMENTS, ALL
BOILERS

HG-701 Mounting Pressure Relief Valves

HG-701.1 Permissible Mounting. Pressure relief
valves shall be located in the top or side'® of the
boiler. They shall be connected directly to a tapped or
flanged opening in the boiler, to a fitting connected to
the boiler by a short nipple, to a Y-base, or to a valveless
header connecting steam or water outlets on the same
boiler. Coil or header type boilers shall have the pressure
relief valve located on the steam or hot water outlet end.
Pressure relief valves shall be installed with their spindles
vertical. The opening or connection between the boiler
and any pressure relief valve shall have at least an
area equal to the nominal inside area of a Schedule 80
pipe (as defined by ASME B36.10M) of the same
nominal pipe size as the inlet of the valve.

HG-701.2 Requirements for Common
Connections for Two or More Valves.

(a) When a boiler is fitted with two or more-pressure
relief valves on one connection, this connegtion shall have
a cross-sectional area not less than the conibined areas of
inlet connections of all the pressureyrelief valves with
which it connects.

(b) When a Y-base is used, the inlet area shall be not
less than the combined outlet areas. When the size of the
boiler requires a pressure.relief valve larger than 4%,
in. (115 mm) in diameter, two or more valves having
the required combined capacity shall be used. When
two or more valves are used on a boiler, they may be
single, directly\attached, or mounted on a Y-base.

HG-701.3 Threaded Connections. A threaded
connection may be used for attaching a valve.

HG-701.4 Prohibited Mountings. Pressure relief
valves shall not be connected to an internal pipe in the
boiler.

HG-701.5 Use of Shutoff Valves Prohibited. No

HG-701.6 Pressure Relief Valve Discharge
Piping.

(a) A discharge pipe shall be used. ItS/internal cross-
sectional area shall be not less than the full area of the
valve outlet or of the total of the valv€ eutlets discharging
thereinto and shall be as short andistraight as possible and
so arranged as to avoid unduesstress on the valve or valves.
A union may be installed in the discharge piping close to
the valve outlet. When an-elbow is placed on a pressure
relief valve dischargg pipe, it shall be located close to the
valve outlet downstream of the union.

(b) The diseharge from pressure relief valves shall be
so arranged/thatthere will be no danger of scalding atten-
dants. The ‘préssure relief valve discharge shall be piped
away ffem'the boiler to the point of discharge, and there
shall be provisions made for properly draining the piping.
The,size and arrangement of discharge piping shall be
independent of other discharge piping and shall be
such that any pressure that may exist or develop will
not reduce the relieving capacity of the relieving
devices below that required to protect the boiler.

(c) The minimum pressure rating of the discharge
piping shall be at least equal to the MAWP marked on
the boiler, but in no case shall it be less than 30 psi
(200 kPa).

(d) The temperature rating of the discharge piping
shall be at least equal to the maximum water temperature
marked on the boiler rating plate or 250°F (120°C) if no
temperature is marked.

HG-701.7 Temperature and Pressure Relief
Valves. Hot water heating or supply boilers limited to
a water temperature of 210°F (99°C) may have one or
more capacity-certified temperature and pressure
relief valves installed. The requirements of HG-701.1
through HG-701.6 shall be met, except as follows:

(a) A Y-type fitting shall not be used.

(b) If additional valves are used, they shall be tempera-
ture and pressure relief valves.

(c) When the temperature and pressure relief valve is
mounted directly on the boiler with no more than 4
in. (100 mm) maximum interconnecting piping, the
valve may be installed in the horizontal position with

shutoftt of any description shall be placed between the
pressure relief valve and the boiler, or on discharge
pipes between such valves and the atmosphere.
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the outlet pointed down.
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HG-703 Piping"

HG-703.1 Provisions for Expansion and

The feedwater pipe shall be provided with a check valve
(or abackflow preventer containing a check valve'” ) near

Contraction. Provisions shall be made for the expansion
and contraction of steam and hot water mains connected
to boilers by providing substantial anchorage at suitable
points and by providing swing joints when boilers are
installed in batteries, so there will be no undue strain
transmitted to the boilers. See Figures HG-703.1(a),
HG-703.1(b), and HG-703.2 for typical schematic arrange-
ments of piping incorporating strain absorbing joints for
steam and hot water heating boilers.

HG-703.2 Return Pipe Connections.

(a) The return pipe connections of each boiler
supplying a gravity return steam heating system shall
be so arranged as to form a loop substantially as
shown in Figure HG-703.1(b) so that the water in each
boiler cannot be forced out below the safe water level.

(b) For hand-fired boilers with a normal grate line, the
recommended pipe sizes detailed as “A” in Figures HG-
703.1(a) and HG-703.1(b) are NPS 1'% (DN 40) for 4
ft? (0.37 m?) or less firebox area at the normal grate
line, NPS 2% (DN 65) for areas more than 4 ft* (0.37
m?%) up to 14.9 ft* (1.4 m?), and NPS 4 (DN 100) for
15 ft* (1.4 m?) or more.

(c) For automatically fired boilers that do not have a
normal grate line, the recommended pipe sizes detailed ds
“A” in Figures HG-703.1(a) and HG-703.1(b) are NPS\1%,
(DN 40) for boilers with minimum pressure relief valve
relieving capacity 250 Ib/hr (113 kg/hr) or less;, NPS 2%,
(DN 65) for boilers with minimum pressure-relief valve
relieving capacity from 251 Ib/hr (114 kg/h)to 2,000 1b/
hr (900 kg/hr), inclusive, and NPS 4 (DN\100) for boilers
with more than 2,000 Ib/hr (900 kg/hr) minimum pres-
sure relief valve relieving capacity:

(d) Provision shall be made for'cleaning the interior of
the return piping at or close-ta-the boiler. Washout open-
ings may be used for return pipe connections and the
washout plug placed in"a tee or a cross so that the
plug is directly opposite and as close as possible to the
opening in the boiler.

HG-705,Feedwater and Makeup Water
Connections

(a)* Steam Boilers. Feedwater or water treatment shall
be.introduced into a boiler through the return piping
System. Alternatively, feedwater or water treatment
may be introduced through an independent connection.
The water flow from the independent connection shall not
discharge directly against parts of the boiler exposed to

diractradianthaqt G thn G0 Doanduyatay ezt apdbnnat
arectraaahteattreonmeare—reeawater-or-wat

the boiler— A cfnp valve or cock shall be installed either

upstream or downstream of the check valve (or backflow
preventer containing a check valve'”).

(b) Hot Water Boilers. Makeup water may be intro-
duced into a boiler through the piping system oc
through an independent connection. The water flow
from the independent connection shall not discharge
directly against parts of the boiler exposed todirect
radiant heat from the fire. Makeup water shallnot be intro-
duced through openings or connections(provided exclu-
sively for inspection or cleaning, pressure relief valve,
pressure gage, or temperature gage:XThe makeup water
pipe shall be provided with a check/valve (or a backflow
preventer containing a check valve'”) near the boiler. A
stop valve or cock shall bé&installed either upstream or
downstream of the check’valve (or backflow preventer
containing a check valve').

(c) The minimum-\pressure rating of all check valves,
stop valves, cocks; or backflow preventers with check
valve(s) shalDbe at least equal to the pressure marked
on the boiler, and the temperature rating of such
check yalves, stop valves, cocks, or backflow preventers,
including all internal components, shall be not less than
250°F (120°C).

HG-707 Oil Heaters

(a) A heater for oil or other liquid harmful to boiler
operation shall not be installed directly in the steam or
water space within a boiler.

(b) Where an external type heater for such service is
used, means shall be provided to prevent the introduction
into the boiler of oil or other liquid harmful to boiler
operation.

HG-708 Storage Tanks for Hot Water Supply
Systems

If a system is to utilize a storage tank that exceeds the
capacity exception of HLW-101, the tank shall be
constructed in accordance with the rules of Part HLW,
Section VIII, Division 1; or Section X. For tanks constructed
to Section X, the maximum allowable temperature marked
on the tank shall equal or exceed the maximum water
temperature marked on the boiler.

HG-709 Provisions for Thermal Expansion in Hot
Water Systems

All hot water heating systems incorporating hot water
tanks or fluid relief columns shall be so installed as to

T er—Treatr

ment shall not be introduced through openings or connec-
tions provided for inspection or cleaning, pressure relief
valve, water column, water gage glass, or pressure gage.
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Figure HG-703.1(a)
Steam Boilers in Battery — Pumped Return — Acceptable Piping Installation

Stop valve
Alternative [/
pressure Steam main
reliefvalve Steam gage
discharge /\
. piping (See HG-703.2) 1~
Drip [Note (1)1 ’ Pressure

"A" controls

\ -4 ASME - Stop valve
" pressure relief Low water fuel A \
valve cutoff pump control Heating
N > and gage glass

Steam trap [\ | )&
(optional)tﬁﬂ: //\
//

Steam gage supply

(with union)

Pressurerelief valve D5 Pressure
controls
To receiver 1

discharge piping 4

y

tank ASME . -7 Il Pump control
” pressure relief :][ | and gage glass
Multiple Returns 4 valve
Shown - -~ Low water ‘
™ -7 fuel cutoff
Stop valve | .
Steamdtrap

(optional) Pressure relief valve
Check valve Solenoid Blowoff ?ngairr?iiﬁ;pmg
valve valve/drain To receiver
/ tank | | -7
From receiver tank { \ /
o -
Yan A S Single'Return
Blowoff Shown

i
/ .

Check valve Solenoid
valve

/F:c>m receiver tank

valve/drain

GENERAL NOTES:

T1202-AI'DAd9 ANSY

(a) Returnjconnections shown for a multiple boiler installation may notalways insure that the system will operate properly. In order to maintain proper waterlevels in multiple boiler installations,
it may [be necessary to install supplementary controls or suitable devices.
(b) Plumbing codes may require the installation of a reduced pressure principle backflow preventer on a boiler when the makeup water source is from apotable water supply.

NOTE: (1) |Recommended for 1 in. (DN 25) and larger pressure relief valve discharge.
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Figure HG-703.1(b)
Steam Boilers in Battery — Gravity Return — Acceptable Piping Installation

Stop valve
[7
Alternative .
pressure Steam gage Steam main
relief valve
: (See HG-703.2) | ~ /\ Pressure To
g;;?:;rge controls return
Drip [Note (1)] A 4 header
¢ <
\ ¢ AS'\r/IeEssure - Heating
" f')elief Low water fuel 4 Stop valve supply
| valve cutoff pump control \
1 ~ )K/ and gage glass Steam gage
Pr(ej_ssuhre reliefr;/_alve - /\ DB Pressure
ischarge piping
Return loop ! (with union) L. controls
connection e _ y
\ | _ - ASME e Water column
Lowest - . Preseurs Pl onc soge les
Multiple Returns permissible i valve “ T ow water
Shown li < e
NrEerhe - < f\%( fuel cutoff
Stop valve

Pressure relief valve
discharge piping
(with union)

|
| / Single Return
Shown

Check valve

Blowoff
valve/drain

Stop valve

Check valve

Blowoff
valve/drain

\\Heating return

GENERAL NOTES:

(a) Return|
it may
(b) Plumb

NOTE: (1)

be necessary to install supplementary controls or suitable devices.

Recommended for 1 in. (DN 25) and larger pressure relief valve discharge.

connections shown for a multiple boiler installation may not always insure that the system will operate properly. In order to maintain proper water Jéyels in multiple boiler ins

ng codes may require the installation of a reduced pressure principle backflow preventer on a boiler when the makeup water source is from a petable water supply,

tallations,

T202-AI'DAd9 ANSY
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Figure HG-703.2

Hot Water Boilers in Battery — Acceptable Piping Installation

High External low water
temperature  fuel cutoff (1)
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valve
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\@)

-
-

reducing
Make up valve e saf_ety |
water relief
valve
Stop Check -~ ?}“‘l / .
valve (2) valve ) y temperature
Safety relief-yalve ~ limit control
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Drain valve

Alternate expansion
tank with diaphragm
(required on each
boiler)

7

Pressure
réducing
valve

Alternate make up
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e
-

GENERAL NOTE: Plumbing codées may require the installation of a reduced pressure principle backflow preventer on a boiler when the makeup

water source is from a potable water supply.

NOTES:

(1) Recommended.control. See HG-614. Acceptable shutoff valves or cocks in the connecting piping may be installed for convenience of control

testing and/ox. service.

(2) The commoen/return header stop valves may be located on either side of the check valves.
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Table HG-709.2
Expansion Tank Capacities for Forced Hot Water

(U.S. Customary Units)

Systems V; = [(O000FTT — U.0%66)V[/ F/ P — (Fa/Fp)]
Tank Capacities, gal (m®) _
System Volume, Prepressurized (SI Units)
gal (m®) Diaphragm Type Nonpressurized Type
100 (0.38) 9 (0.034) 15 (0.057) V; = [(0.000738T — 0.03348)V;] / [(Pa/Pf) - (B/B)]
200 (0.76) 17 (0.064) 30 (0.114)
300 (1.14) 25 (0.095) 45 (0.170) where
400 (1.51) 33 (0.125) 60 (0.227)
500 (1.89) 42 (0.159) 75 (0.284) P = a_tmOSphe“C pressure
1,000 (3.79) 83 (0.314) 150 (0.568) Py = fill pressure
2,000 (7.57) 165 (0.625) 300 (1.136) P, = maximum oper'atlng pressure
T = average operating temperature
GENERAL NOTES: _ : .
o . Vs = volume of system, nottiticluding tanks
(a) The capacities in this Table are based on an average operating ..
V., = minimum volume of.tanks

temperature of 195°F (90°C), a fill pressure of 12 psig, and a
maximum operating pressure of 30 psig (200 kPa).

System volume includes volume of water in boiler, radiation, and
piping, not including the expansion tank. Expansion tank capac-
ities are based on an acceptance factor of 0.4027 for prepressur-
ized types and 0.222 for nonprepressurized types. A procedure
for estimating system volume and determining expansion tank
sizes for other design conditions may be found in Chapter 12 of
the 1996 HVAC Systems and Equipment Volume of the ASHRAE
Handbook.

(b)

HG-709.1 Heating Systems With Open
Expansion Tank. An indoor overflow from the dppér
portion of the expansion tank shall be provided in addition
to an open vent, the indoor overflow to be carried within
the building to a suitable plumbing fixture or the
basement.

HG-709.2 Closed Heating Systems. An expansion
tank shall be installed that will bé*consistent with the
volume and capacity of the System. If the system is
designed for a working pressure of 30 psi (200 kPa)
or less, the tank shall be suitably designed for a
minimum hydrostatic test pressure of 75 psi (520
kPa). Expansion tanks for systems designed to operate
above 30 psi (200 kPa) shall be constructed in accordance
with Section V11, Division 1. Alternatively, a tank built to
Section X fequirements may be used if the pressure and
temperature ratings of the tank are equal to or greater
than\the pressure and temperature ratings of the
system. Provisions shall be made for draining the tank
without emptying the system, except for prepressurized
tanks.

The minimum capacity of the closed type expansion
tank may be determined from Table HG-709.2 or from
the following formula where the necessary information

HG-709.3 Hot Water Supply Systems. If a system (21)

is equipped with a check valve or pressure reducing valve
in the cold water\inlet line, consideration should be given
to the installation of an airtight expansion tank or other
suitable air«Cushion. Otherwise, due to the thermal expan-
sion of the-water, the pressure relief valve may open peri-
odicaly. If an expansion tank is provided, it shall be
constructed in accordance with Section VIII, Division 1
or Section X. Except for prepressurized tanks, which
should be installed on the cold water side, provisions
shall be made for draining the tank without emptying
the system. See Figure HLW-809.1 for a typical acceptable
installation.

HG-710 Stop Valves

HG-710.1 For Single Steam Boilers. When a stop
valve is used in the supply pipe connection of a single
steam boiler, there shall be one used in the return
pipe connection.

HG-710.2 For Single Hot Water Heating Boilers.

(a) Stop valves shall be located at an accessible pointin
the supply and return pipe connections as near the boiler
nozzle as is convenient and practicable, of a single hot
water heating boiler installation to permit draining the
boiler without emptying the system.

(b) Whenthe boilerislocated above the system and can
be drained without draining the system, stop valves may
be eliminated.

HG-710.3 For Multiple Boiler Installations. A
stop valve shall be used in each supply and return
pipe connection of two or more boilers connected to a
common system. See Figures HG-703.1(a), HG-703.1(b)

. 311
IS dvdlldUIC,
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Table HG-715

(21) Size of Bottom Blowoff Piping, Valves, and Cocks

able point on the boiler, or to the lowest point on piping
connected to the boiler, at the lowest practicable point on

Minimum Required Pressure Relief
Valve Capacity, Ib (kg) of steam/hr

Blowoff Piping, Valves,
and Cocks Min. Size,

[Note (1)] NPS (DN)
Up to 500 (225) %, (20)
501 to 1,250 (225 to 550) 1 (25)
1,251 to 2,500 (550 to 1200) 1%, (32)
2,501 to 6,000 (1200 to 2700) 1Y%, (40)
6,001 (2700) and larger 2 (50)

NOTE: (1) To determine the discharge capacity of pressure relief
valves in terms of Btu, multiply the relieving capacity in 1b of
steam/hr by 1,000.

HG-710.4 Modular Boilers. Modular boilers shall be
installed without stop valves between modules and shall
be provided with a single set of stop valves on the common
supply and return headers in accordance with HG-710.1
and HG-710.2. Flow control valves and circulating pumps
may be located in the return line of each module.

HG-710.5 Type of Stop Valve(s).

(a) Allvalves or cocks shall conform with the applicable
portions of HF-203 and may be ferrous or nonferrous.

(b) The minimum pressure rating of all valves or cocks
shall be atleast equal to the pressure marked on the boiler,
and the temperature rating of such valves or cocks;
including all internal components, shall be not.less
than 250°F (120°C).

(c) Valves or cocks shall be flanged, threadéd, or have
ends suitable for welding or brazing.

(d) Allvalves or cocks with stems or spifidles shall have
adjustable pressure type packing glands-and, in addition,
all plug type cocks shall be equippedwith a guard or gland.
The plug or other operating mechanism shall be distinctly
marked in line with the passage.to indicate whether it is
opened or closed.

(e) All valves or cocks, shall have tight closure when
under boiler hydrostatie test pressure.

HG-715 Bottom Blowoff and Drain Valves

(a) Bottom BlowoffValve. Each steam boiler shall have a
bottom“blowoff connection fitted with a valve or cock
connécted to the lowest water space practicable with a
minimum size as shown in Table HG-715. The discharge
piping shall be full size to the point of discharge.

(b) Boilers having a capacity of 25 gal (95 L) or less are
exempt from the above requirements, except that they
must have an NPS %, (DN 20) minimum drain valve

the boiler. The minimum-size of the drain piping‘ ‘IQ]‘IDC,

and cocks shall be NPS %, (DN 20). The discharge piping
shall be full size to the point of discharge. When the
blowoff connection is located at the lowest water
containing space, a separate drain connection is not
required.

(d) Minimum Pressure Rating. The minimum pressuke
rating of valves and cocks used for blowoff or drain
purposes shall be at least equal to the pressure
marked on the boiler, but in no case shall it be less
than 30 psi (200 kPa). The temperature:rating of such
valves and cocks shall not be less thany250°F (120°C).

HG-716 Modular Boilers

(a) Individual Modules
(1) The individual madules shall comply with all the
requirements of Part HG;, except as specified in HG-607,
HG-615, and this paragraph.
(2) Each medule of a steam heating boiler shall be
equipped with
(-a). pressure relief valve, see HG-701
(-b) blowoff valve, see HG-715(a)
(:c) drain valve, see HG-715(c)
(3) Each module of a modular hot water heating
boiler shall be equipped with
(-a) pressure relief valve, see HG-701
(-b) drain valve, see HG-715(c)
(b) Assembled Modular Boilers
(1) The individual modules shall be manifolded
together at the job-site without any intervening valves.
The header or manifold piping is field piping and is
exempt from Article 2, Part HG, HF, HB, or HC.
(2) The assembled modular steam heating boiler
shall also be equipped with
(-a) feedwater connection, see HG-705(a)
(-b) return pipe connection, see HG-703.2
(3) The assembled modular hot water heating boiler
shall also be equipped with
(-a) makeup water connection, see HG-705(b)
(-b) provision for thermal expansion, see HG-709
(-c) stop valves, see HG-710.2
(4) When the assembled modular boiler is certified
as a single boiler in accordance with HG-530.3(b), the
pressure relief valve required on each module by
(a)(2)(-a) and (a)(3)(-a) may be replaced by one or
more pressure relief valves located on the supply header.

HG-720 Setting

Boilers of wrought materials of the wet-bottom type

(21)

(c) Drain Valve. Each steam or hot water boiler shall
have one or more drain connections, fitted with valves
or cocks. These shall be connected at the lowest practic-
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have not less than 12 in. (300 mm) between the
bottom of the boiler and the floorline, with access for
inspection. When the width is 36 in. (900 mm) or less,
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Figure HG-725(a)
Spacing and Weld Details for Supporting Lugs in Pairs on Horizontal-Return Tubular Boiler

GENERAL NOTE: T = not less than 1% of the boiler diameter.

the distance between the bottom of the boiler and the by not less than eight §teel brackets set in pairs, the
floorline shall be not less than 6 in. (150 mm), except brackets of each pair te-be spaced not over 2 in. (50
that, when any part of the wet bottom is not farther mm) apart and theMoad to be equalized between them.
from an outer edge than 12 in. (300 mm), this distance [see Figure HG+725(a).]

shall be not less than 4 in. (100 mm). HG-725.4 Boilers up to 54 in. (1400 mm) in
Diameter.”/A horizontal-return tubular boiler up to
and ineluding 54 in. (1400 mm) in diameter shall be
supported by the outside-suspension type of setting, or
HG-725.1 Loadings. bynot less than two steel brackets on each side.

HG-725 Methods of Support

(a) The design and attachment of lugs, hangers, HG-725.5 Supporting Members. If the boiler is
Saddles, and other Supports shall take into account thé Supported by structural steel Work' the steel Supporting

stresses due to hydrostatic head in determining)the  members shall be so located or insulated that the heat
minimum thicknesses required. Additional stresses from the furnace cannot impair their strength.

imposed by effects other than working pressure or
static head, which increase the average stréss by more HG-725.6 Lugs or Hangers. Lugs, hangers, or
than 10% of the allowable working stress, shall also be brackets made of materials in accordance with the
taken into account. These effects inchide the weight of ~ Code requirements may be attached by fusion welding
the component and its contents,;afd the method of provided they are attached by fillet welds along the
support. entire periphery or contact edges. Figure HG-725(b) illus-
(b) Inapplying the requiremeénts of (a) above, localized trates an acceptable design of hanger bracket with the
stresses due to concentrated support loads, temperature ~ additional requirement that the center pin be located
changes, and restraint against dilation of the boiler dueto ~ at the vertical center line over the center of the
pressure shall be provided for. Lugs, hangers, brackets, welded contact surface. The bracket plates shall be
saddles, and pads-shall conform satisfactorily to the  spaced atleast 2% in. (64 mm) apart, but this dimension

shape of the shéllor surface to which they are attached shall be increased if necessary to permit access for the
or are in contact. welding operation. The stresses computed by dividing

the total load on each lug, hanger, or bracket, by the

HG-725.2 Boilers Over 72 in. (1800 mm) in  minimum cross-sectional area of the weld shall not
Diameter. A horizontal-return tubular boiler over 72 exceed 2800 psi (19 MPa). Where it is impractical to
iny (1*800 mm) in diameter shall be supported from attach lugs, hangers, or brackets by welding, studs
steel hangers by the outside-suspension type of setting, with not less than 10 threads/in. (approx. 4 threads/
independent of the furnace wall. The hangers shall be cm) may be used. In computing the shearing stresses,
so designed that the load is properly distributed. the root area at the bottom of the thread shall be

_ . . used. The shearing and crushing stresses on studs
inH((;. ;?)?)::nﬁ]o)llfr:slg‘;?:]z:el:lgl}‘loommt);]pt: 2 shall not exceed 8% of the strength given in Section II,
. . orizontal-return

. . Pdlt D, Td]U‘lC GA fUl ‘UU}‘I:ills llldtcl idlb.
tubular boiler over 54 in. (1400 mm) and up to and
including 72 in. (1 800 mm) in diameter shall be supported
by the outside-suspension type of setting, or at four points
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Figure HG-725(b)
Welded Bracket Connection for Horizontal-Return Tubular Boiler

21/, in. (64 mm) min.
- Se "T"

uy

Section B - B'

20 deg min.

20 deg max.

I

1
1
1
I
|
T
|
1

GENERAL NOTE: R = not less than 1% x diameter of hole; T = not less than 1% of the boiler diamater:

HG-725.7 Settings. Boilers of wrought materials of
the wet-bottom type having an external width of over 36
in. (900 mm) shall be supported so as to have a minimum
clearance of 12 in. (300 mm), between the bottom of the
boiler and the floor, to facilitate inspection. When the
width is 36 in. (900 mm) or less, the clearance
between the bottom of the boiler and the floorline

shall be notJess‘than 6 in. (150 mm), except when any
part of the.wet bottom is not farther from the outer
edge than\12 in. (300 mm). This clearance shall be not
less than 4 in. (100 mm). Boiler insulation, saddles, or
other supports shall be arranged so that inspection open-

ings are readily accessible.
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PART HF

REQUIREMENTS FOR BOILERS CONSTRUCTED
OF WROUGHT MATERIALS

ARTICLE 1
GENERAL

HF-100 SCOPE

The rules in Part HF are applicable to heating boilers
that are constructed primarily of wrought materials, and
shall be used in conjunction with general requirements of
Part HG of this Section.
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(21)

ARTICLE 2
MATERIAL REQUIREMENTS

HF-200 GENERAL MATERIAL REQUIREMENTS

Materials other than those described herein may not be
used, unless approved by the Boiler and Pressure Vessel
Committee in accordance with Section II, Part D,
Mandatory Appendix 5.

HF-201 PLATE

(a) Plate used in the construction of pressure-
containing parts shall conform to one of the specifications
given in Section II for which allowable stress values are
given in Section II, Part D, Table 6A or Table 6B except as
otherwise provided in HF-203 and HF-205.

(b) Stainless plates of SA-240 for which allowable
stress values are given in Section II, Part D, Table 6A
may be used in the construction of hot water heating
boilers provided the following are met:

(1) The water temperature shall not exceed
210°F (99°C).
(2) The material shall be fully annealed.

(c) For pressure-retaining plate material, a materjial
test report is required to verify that the chemical*and
mechanical properties are within the permissible’range
listed in Section II.

HF-202 RODS, BARS, AND SHAPES

Rods, bars, and shapes may be.used in boiler construc-
tion for pressure parts such.as-flange rings, stiffening
rings, braces, frames for reinforced openings, stays and
staybolts, and similarqparts. Rods, bars, and shapes
used for pressure partsishall conform to one of the speci-
fications in Sectionl'and shall be limited to those listed in
Section II, Part D; Table 6A or Table 6B except as otherwise
provided in HE*203 and HF-205.

HF-203-PREFABRICATED OR PREFORMED
PRESSURE PARTS

Prefabricated or preformed pressure parts for boilers
that are subject to allowable working stresses due to
internal or external pressure in the boilers and that
are furnished by other than the shop of the manufacturer

the parts manufacturer and the furnishing of Partial
Data Reports except as permitted in(HF-203.1,
HF-203.2, and HF-203.3.

HF-203.1 Cast, Forged, Rolled, or Die-Formed
Standard Pressure Parts.

(a) Pressure parts such as'pipe fittings, valves, flanges,
nozzles, welding necks, welding caps, manhole frames and
covers, and casings of pumps thatare part of a boiler circu-
lating system that are'wholly formed by casting, forging, or
die forming shallnot'require inspection, mill test reports
or Partial Data’Reports. Standard pressure parts that
comply with-some ASME standard'® shall be made of
materials-listed in the ASME Code-accepted standard
covering the particular type of pressure part. Standard
pressure parts that comply with a Manufacturer’s stan-
ddrd’® shall be made of materials permitted under
Section II. Such parts shall be marked with the name
or trademark of the manufacturer and such other mark-
ings as are required by the several standards. Such mark-
ings shall be considered as the manufacturer’s
certification that the product complies with the material
specifications and standards indicated and is suitable for
service at the rating indicated. The intent of the paragraph
will have been met if, in lieu of the detailed marking on the
partitself, the parts described herein have been marked in
any permanent or temporary manner that will serve to
identify the part with the manufacturer’s written
listing of the particular items and such listings are avail-
able for examination by the Inspector.

(b) Parts of small size falling within this category for
which itis difficult or impossible to obtain identified mate-
rial or that may be stocked and for which mill test reports
or certificates cannot be economically obtained and are
not customarily furnished, and that do not appreciably
affect the safety of the vessel, may be used for relatively
unimportant parts or parts stressed to not more than 50%
of the stress value permitted by the Code provided they
are suitable for the purpose intended and are accepted by
the Inspector [see (a)]. The manufacturer of the completed
vessel shall satisfy himself that the part is suitable for the
design conditions specified for the completed vessel.

responsible for the completed boilers shall conform to all
applicable requirements of the Code as related to a
completed boiler, including inspection in the shop of
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HF-203.2 Cast, Forged, Rolled, or Die-Formed
Nonstandard Pressure Parts. Pressure parts such
as shells, heads, removable cover plates, and pipe coils
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that are attached to other wrought parts and that are
wholly formed by casting, forging, rolling, or die

(b) The maximum allowable stress value for the finned
tube shall be that given in Section II, Part D, Table 6A or

(21)

Fnrming may be cnpp]inﬂ hacir‘a”y as-materials— Al

such parts shall be made of materials permitted under
Section Il and the manufacturer of the part shall
furnish mill test reports or other acceptable evidence
to that effect. Such parts shall be marked with the
name or trademark of the manufacturer and with such
other markings as will serve to identify the particular
parts with accompanying material identification. The
manufacturer of the completed boiler shall satisfy
himself that the part is suitable for the design conditions
specified for the completed boiler in accordance with the
rules of this Section.

HF-203.3 Welded Standard Pressure Parts for
Use Other Than the Shell of a Boiler.2°

(a) Pressure parts such as pipe fittings, nozzles,
welding necks, welding caps, valves, and flanges that
are fabricated by one of the welding processes recognized
by the Code shall not require inspection, mill test reports,
or Partial Data Reports provided

(1) all such parts are made of materials permitted
under Section II or in a Code-accepted standard

(2) if arc or gas welded, the welding complies with
the rules of this Section

(b) Such parts shall be marked with the name or trade;
mark of the manufacturer and with such other markings-as
will serve to identify the materials of which the part9are
made. Such markings shall be considered as the manufac-
turer’s certification that the product complies with*(a)(1).
A statement by the parts manufacturer thatall welding
complies with Code requirements shall be accepted as
evidence that the product complies with (a)(2).

HF-204 PIPE AND TUBES

Pipe and tubes of seamless-orwelded construction shall
conform to one of the specifications given in Section II for
which allowable stress values are given in Section II, Part
D, Table 6A or Table 6B except as otherwise provided in
HF-203 and HF-205'when used in the construction of pres-
sure-containing jparts.

HF-204:1 Integrally Finned Tubes. Integrally
finned tubes may be made from tubes that conform in
every respect with one of the specifications given in
Section II, except that the pressure test is not required
for nonferrous tubes. These tubes may be used under
the following conditions.

(a) Thetubes after finning shall have atemper or condi-
tion that conforms to one of those provided in the
governing specifications.

Table 6B forthetube before finning nvr‘npf as pnrmiﬂ'nﬂ in
5

(c) below.

(c¢) The maximum allowable stress value for a temper
or condition that has a higher stress value than that of the
tube before finning may be used provided that qualifying
tensile tests demonstrate that such a temper or condition
is obtained. The stress values used shall not exceed.those
shown in Section II, Part D, Table 6A or Table 6B for the
temper or condition involved. The qualifyingtéensile tests
shall be made on specimens of finned tubg¢ from which the
fins have been removed by machining.

(d) The maximum allowable intesnal or external design
pressure of the tube shall be based on either the minimum
wall thickness of the finned Section or of the unfinned
section, whichever is smaller:

(e) In addition to the tests required by the governing
specifications (except, for-pressure tests for nonferrous
tubes), each tube.after finning shall withstand without
evidence of leakage an internal pneumatic test of not
less than 250 psi (1720 kPa) for 5 sec. The test
method used shall permit easy visual detection of any
leakagé,/Such as immersion of the tube under water or
a préssure differential method.?* A test meeting the re-
quirements of HG-510(c) may be substituted for this
requirement if the boiler design so permits.

HF-204.2 Electric Resistance Welded Fin Tubes.
Tubes with electric resistance welded fins that serve as
extended heating surface and have no load-carrying func-
tion may be supplied as materials. A Code Certificate
Holder need not perform the welds attaching the fins.
When the welding process attaching the fins is automatic,
welding procedure and performance qualification testing
is not required.

HF-204.4 Laser-Welded Fin Tubes. Tubes with
laser-welded fins that serve as extended heating surfaces
may be supplied as materials under the following condi-
tions: (Welding of the fins to the tube need not be
performed by a Code Certificate Holder.)

(a) The tube material shall be a material meeting the
requirements for heat exchanger tubing set forth in this
Section.

(b) The heat transfer fin material shall be a material
that is suitable for the service conditions. The fin material
need not conform to a permitted SA specification, but it
shall be identified to a published material specification
and be suitable for welding to the tube.

(c) The fin shall be attached to form a tee with the tube
wall without the addition of filler metal by automatic laser
beam welding.

(d) The fin shall not be considered to provide any
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support to the tube for either pressure loading or external
loading.
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(e) Welding shall be done following a Welding
Procedure Specification (WPS) that documents the

tion requires other tests or more restrictive tests than
those of the specification covered by the authentic test

Fn”nuring and-has been qna]iFiQH in-accordance with

(f). The WPS shall be requalified for any change as
described in the following variables:
(1) a change in the type of welding equipment (e.g.,
YAG, CO,, etc.)
(2) achange in the nominal diameter or thickness of
the tube or in the nominal thickness of the fin
(3) a change in the specification or grade of the fin
material
(4) the deletion or a change in the composition of the
shielding gas, backing gas, trailing gas, or plasma-
removing gas
(5) a decrease of more than 10% in the flow rate of
the shielding gas, backing gas, trailing gas, or plasma-
removing gas
(6) achangeinthe optical technique used to focusthe
welding energy
(7) a change of more than 10% in the travel speed,
the ratio of beam diameter to focal length, or the lens-to-
work distance
(8) a change of more than 10% in the angle of the
beam relative to the major axis of the tube
(9) a change of more than 10% in beam oscillation
width, frequency, or dwell time
(10) achange of more than 10% in the beam-pulsing
frequency and pulse duration
(11) adecrease of more than 10% in the power deliv-
ered to the work surface as measured by calorimetric of;
other suitable means
(f) Procedure qualification shall consist of metallo-
graphic examination at a magnification of 10x.6f three
cross-sections taken at locations separated, by not less
than 3 ft (1 m) along the length of a tube:*The welds
shall be free of cracks, and penetratien of the weld
into the tube wall shall not exceedy20% of the tube
wall thickness.
(g) Qualification of welding gperators is not required.
(h) Production sampling consisting of one cross-
section shall be examined as.described in (f) for procedure
qualification anytime‘there is a change in the nominal
diameter or thickness of the tube or a change in the
nominal thickness“ef the fin.

HF-205 MATERIAL NOT FULLY IDENTIFIED

Material that has lost its identity with a permitted spec-
ification may be accepted provided that it satisfies the con-
ditiens given in either HF-205.1 or HF-205.2.

HF-205.1 Acceptance by Authentic Test Record
and Marking. Each piece shall be shown to have chemical

requirements and mechanical properties within the

rnr‘nrﬂ’ the material shall be cnl‘\)inrh:\ﬂ to-sufficient addi-

tional tests to satisfy the Inspector that it complies with
the permitted specification.

HF-205.2 Acceptance by Testing.

(a) Plate. The chemical check analyses and mechanical
tests of plates shall be made as required in the permitted
specification with the following modifications. The.carbon
and manganese contents shall be determinedrin all check
analyses. The Inspector shall decide whether these
contents are acceptable when the permitted specification
does not specify carbon and manganesélimits. When the
direction of rolling is not definitely<known, two tension
specimens shall be taken at right angles to each other
from a corner of each platejyanid two bend specimens
shall be taken from the\middle of adjacent sides of
each plate. One tension‘specimen and both bend speci-
mens shall meet the permitted specification requirements.

(b) Tubes and Pipe. Each length of tube or pipe shall be
subjected to a_chemical check analysis and sufficient
mechanicalfests to satisfy the Inspector that all the mate-
rial is identified with a given heat or heat treatmentlotand
that the‘material complies with the chemical and mechan-
icakrequirements of the permitted specification. Material
specified as suitable for welding, cold bending, close
coiling, and similar operations shall be given sufficient
check tests to satisfy the Inspector that it is suitable
for the fabrication procedure to be used.

(c) Rods, Bars, and Shapes. Each length of rods shall be
subjected to a chemical check analysis and sufficient
mechanical tests to satisfy the Inspector that all the mate-
rial is identified with a given heat or heat treatment lot,
and that the material complies with the chemical and
mechanical requirements of the permitted specification.
Material specified as suitable for welding, cold bending,
and similar operations shall be given check tests to satisfy
the Inspector that it is suitable for the fabrication proce-
dure to be used.

HF-205.3 Marking and Report on Tests of
Nonidentified Material. When the identity of the mate-
rial with the permitted specification has been established
in accordance with HF-205.1 or HF-205.2, each piece of
material (except as alternatively provided in the specifi-
cation for tubes, pipe, rods, bars, or shapes) shall be
marked to the satisfaction of the Inspector by the
boiler manufacturer or the testing agency, with a
marking giving the permitted specification number and
grade or type and a serial S-number identifying the par-

ticular lot of material. A suitable report, clearly marked as
]’\nihg 2 "annrf on-Tests of Nonidentified ]\/ldfﬂv'ia]’" shall

permissible range of the permitted specification in
Section Il by an authentic test record and by marking iden-
tifying it with that record. When the permitted specifica-
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be furnished, properly filled out and certified by the boiler
manufacturer or testing agency, and this report, when
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accepted by the Inspector, shall constitute authority to use
the material.

under deposit wasting or cracking. Refer to Section II,
Part D, Nonmandatory Appendix A, A-300 for detailed

(21)

HF-206 RECERTIFICATION OF MATERIAL
PRODUCED TO ASPECIFICATION NOT
PERMITTED BY THIS SECTION

A particular production lot of material may be recerti-
fied to a permitted specification by the boiler or part
manufacturer under the following conditions.

(a) The specification to which the material was
produced, processed, and purchased must be available
for comparison to the permitted specification.

(b) Atestreport from the material manufacturer must
be available.

(c) The material must have marking, acceptable to the
Inspector, for identification to the test report.

(d) The test report must show that all chemical and
mechanical properties of the lot comply with the require-
ments of the permitted specification.

(e) When conformance of the lot to the permitted spec-
ification has been established, it may be accepted and
marked, as required by the permitted specification, by
the boiler or part manufacturer.

HF-207 AUSTENITIC STAINLESS STEEL

Austenitic alloys are subject to stress corrosion
cracking, intergranular attack, pitting, and crevice corre*
sion. Factors that affect the susceptibility of these mate-
rials are applied or residual stress, water chemistry and
deposition of solids, and material condition. Susceptibility
to attack is enhanced when the material is uséd in a sensi-
tized condition or with residual cold works«Concentration
of corrosive agents (e.g., chlorides, caustic or reduced
sulfur species) can occur under depgsits formed on the
surface of these materials and, can result in severe

gniﬂnnrn and-recommendations

The following preventive measures should be consid-
ered in designs utilizing these materials, along with
Section II-D, Nonmandatory Appendix A:

(a) Careful selection of materials for the specific appli;
cation. For welded applications, low carbon grades orita-
nium-stabilized grades should be considered.

(b) Proper consideration of fabrication methods and
techniques to reduce residual stresses and”sites for
crevice corrosion. Cold working, grindirg, bending, and
high-heat input welding should be:minimized. In the
design of the boiler, stagnant fluid{regions should be
avoided, as should crevices,/Weld joints should be
designed to avoid integral baek-up rings or back-up
bars that are left in place @nd create a crevice.

(c) Control of boiler water chemistry and avoidance of
other environmental sources of chlorides, such as chloride
containing insulatioh or swimming pool environments.

HF-210 MAINTAINING MATERIAL
IDENTIFICATION

(a)“Material for pressure parts shall carry identifica-
tien-markings as required by the applicable material spec-
ification. If the original identification markings are cut out
or the material is divided into two or more parts, the
marking shall either be accurately transferred prior to
cutting or a coded method of identification shall be
used to assure identification of each piece of material
during subsequent fabrication.

(b) Materials may be identified by any method suitable
to the Inspector, provided the method used does not result
in sharp discontinuities and identifies the material until
the boiler is completed.

69



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2021.pdf

ASME BPVC.IV-2021

(21)

(21)

(21)

ARTICLE 3
DESIGN STRESSES AND MINIMUM THICKNESSES

HF-300 MAXIMUM ALLOWABLE STRESS
VALUES

Section II, Part D, Tables 6A and 6B give the maximum
allowable stress values indicated for ferrous and nonfer-
rous materials, respectively, conforming to the specifica-
tions listed therein.

HF-301 MINIMUM THICKNESSES??

HF-301.1 Ferrous Plates.

(a) Except as noted in (b) through (d), the minimum
thickness of any ferrous plate, or pipe used in lieu of
plate, under any pressure shall be %; in. (2.5 mm).

(b) Platesthatwill be exposed to primary furnace gases
shall be not less than % in. (5 mm).

(c) Alloy steel plateslisted in Section 11, Part D, Table 6A
may be used when the following requirements are met:

(1) The material thickness of plates that will bé
exposed to primary furnace gases shall be not less
than ¥, in. (2.5 mm).

(2) The material thickness of secondary flue gas heat
exchanger surfaces shall be not less than *0:0394 in.
(1 mm).

(d) The minimum thickness of any tébesheet with
tubes installed by rolling shall be Y,-in."(6 mm).

HF-301.2 Nonferrous Plates.

(a) The minimum thickness of any nonferrous plate
under pressure shall be'%; in. (2.5 mm).

(b) The minimuni thickness of any nonferrous tube-
sheet with tubes irfstalled by rolling shall be %4 in. (8 mm).

Table HF-300.1
Maximum Allowable Stress Values for Ferrous

(Multiply by 1,000 to Obtain psi)
DELETED
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HF-302 BASIS FOR ESTABLISHING STRESS
VALUES INSECTIONII, PART.D, TABLE
6A OR TABLE 6B

(a) In the determination of allowablé’stress values for
pressure parts, the Committee is\gifided by successful
experience in service, insofar ds-evidence of satisfactory
performance is available. Such evidence is considered
equivalent to test data where operating conditions are
known with reasonable’certainty. In the evaluation of
new materials, it is\necessary to be guided to a certain
extent by the comparison of test information with
similar data ‘e successful applications of similar
materials.

(b) At'any temperature below the creep range, the
allowable stresses are established at no higher than
thelowest of the following:

(1) Y of the specified minimum tensile strength at
room temperature

(2) Y of the tensile strength at temperature

(3) % of the specified minimum yield strength at
room temperature

(4) % of the yield strength at temperature

(c) Forbolting materials, the basis for setting stressesis
the same as for all other materials with the exception that
(1) and (2) above are

(1) %, of the specified minimum tensile strength at
room temperature, and
(2) Y, of the tensile strength at temperature

The following limitation also applies to bolting mate-
rials: at temperatures below the creep range, the stresses
for materials whose strength has been enhanced by heat
treatment or by strain hardening shall not exceed the
lesser of 20% of the specified minimum tensile strength
at room temperature or 25% of the specified minimum
yield strength at room temperature unless these values
are lower than the annealed values, in which case the
annealed values shall be used.

Table HF-300.1M

Materials, MPa
DELETED

(21)

Materiats; ksi———————————————————Maximum-Attowabte StressVatuesfor Ferrous—or———
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Table HF-300.2
(21) Maximum Allowable Stress Values for Nonferrous

Materiats, ksi
(Multiply by 1,000 to Obtain psi)
DELETED

Table HF-300.2M
(21) Maximum Allowable Stress Values for Nonferrous
Materials, MPa

DELETED
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PART HF — SUBPART HW

REQUIREMENTS FOR BOILERS FABRICATED
BY WELDING

ARTICLE 4
GENERAL REQUIREMENTS

HW-400 SCOPE

The requirements of this Subpart HW are applicable to
boilers and parts thereof that are fabricated by welding.

HW-401 RESPONSIBILITY OF
MANUFACTURER OR CONTRACTOR

Each manufacturer or contractor is responsible for the
welding done by his organization and shall establish the
procedures and conduct the tests required in Section IX to
qualify the welding procedures he uses in the construction

of the weldments built undertSection IV and the perfor-
mance tests of welders and welding operators who apply
these procedures.

It should be noted that the use of standard welding
procedures is aceeptable. All requirements for the use
of these procedures shall be in accordance with
Section IX. The'use of these procedures shall be addressed
in the manufacturer’s or contractor’s Quality Control
Manual and shall be available for review by the
Authorized Inspector.
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ARTICLE 5
MATERIAL REQUIREMENTS

(21) HW-500 PERMISSIBLE MATERIALS

Materials used in welded construction of pressure parts
shall conform to one of the specifications given in Section
IT and shall be limited to those for which allowable stress
values are given in Section 1], Part D, Table 6A or Table 6B
and for which weld group P-Numbers are assigned in
Section IX.

(a) Carbon or alloy steel having a carbon content of
more than 0.35% shall not be used in welded construction
or be shaped by oxygen cutting or other thermal cutting
processes.

(b) Stud material for arc stud welding and resistance
stud welding of carbon steel shall be low carbon steel of an
acceptable material in this Section and with a carbon
maximum of 0.27% and with a minimum tensile strength
of 60,000 psi (400 MPa). See further limits in HW-730.4
and HW-820.

(c) Materials joined by the inertia and continuous drive
friction welding processes shall be limited to materials
assigned P-Numbers in Section IX and shall not include
rimmed or semikilled steel.

HW-501 MATERIALS OF DIFFERENT
SPECIFICATIONS

Two materials of different specifications may be joined
by welding provided the requirements of QW-251.2 of
Section IX are met)

HW-502“MATERIALS FOR SMALL PARTS

Small parts used in welded construction under the
prévisions of HF-203.1 shall be of good weldable quality.
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ARTICLE 6
WELDING PROCESSES AND QUALIFICATIONS

HW-600 WELDING PROCESSES

The welding processes that may be used under this Part
shall meet all the requirements of Section IX and are
restricted to the following:

(a) arc or gas welding processes are restricted to
shielded metal arc, submerged arc, gas metal arc, gas tung-
sten arc, plasma arc, atomic hydrogen metal arc, laser
beam, electronic beam, and oxyfuel gas welding

(b) pressure welding processes are restricted to flash,
induction, resistance, pressure thermit, pressure gas, and
inertia and continuous drive friction welding

(c) definitions are given in Section IX thatinclude varia-
tions of these processes

HW-610 WELDING QUALIFICATIONS

Unless specified otherwise for a particular process, the
procedures, the welders, and the welding operators used
inwelding pressure parts and injoining nonpressure parts
(attachments) to pressure parts shall be qualified in accor
dance with Section IX. When the welding process attaching
non-pressure parts that have essentially no load-carrying
function (such as extended heat transfer surfaces).is auto-
matic, procedure and performance qualification‘testing is
not required.

HW-611 NO PRODUCTION WORK WITHOUT
QUALIFICATIONS

No production work shall’be undertaken until the
procedures, the weldegxs, and the welding operators
have been qualified, except that performance qualification

by radiography, in conformance with Section IX{QW-304
for welders or QW-305 for welding operators, may be
performed within the first 3 ft (1 m) of the first production
weld.

HW-612 INTERCHANGE OF 'QUALIFYING
TESTS AMONG_MANUFACTURERS
PROHIBITED

The performance gualification tests for welders and
welding operators ‘cenducted by one manufacturer or
contractor shall fiot qualify a welder or welding operator
to do work fofany other manufacturer or contractor.

HW-613 -MAINTENANCE OF RECORDS OF
QUALIFICATIONS AND IDENTIFYING
MARKS

The Manufacturer or contractor shall maintain qualifi-
cation records of the welding procedures, welders, and
welding operators employed by him showing the date
and results of test and the identification mark assigned
to each welder. These records shall be certified to by
the Manufacturer or contractor by signature or some
other method of control in accordance with the
Manufacturer’s quality control system, and be accessible
to the Inspector. The welder or welding operator shall
stamp his identification mark on or adjacent to all
welded joints made by him at intervals of not greater
than 3 ft (1 m), or the Manufacturer shall keep a
record of the welded joints on a vessel and the
welders and welding operators used in making the joints.
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ARTICLE 7
DESIGN OF WELDMENTS

HW-700 DESIGN OF WELDED JOINTS

HW-701 General Requirements

All welds, fillet or full penetration, shall be made to a
qualified welding procedure by qualified welders for each
welding process employed (manual, semiautomatic, auto-
matic), in accordance with the applicable provisions of
Section IX to assure satisfactory penetration and fusion
into the base metal to the root of the weld. All
members, prior to being welded, shall be properly
fitted, aligned, and retained in position in accordance
with the procedure specification for the welding proce-
dure to be used.

HW-701.1 Butt Joints. Longitudinal, circumferen-
tial, and other joints uniting plates of a drum, shell, or
other pressure parts, except as provided in HW-701.1,
HW-701.2, HW-701.3, HW-710, HW-711, and HW-712,
shall be butt joints. A butt joint shall be double-welded
butt or may have filler metal added from one‘side
only, provided the weld penetration is complete and
there is reinforcement on both sides of the joint. There
shall be no valley either on the edge or\ih the center
of the joint and the weld shall be so built up that the
weld metal shall present a gradual inérease in thickness
from the surface of the plate to the center of the weld. Atno
point shall the plate on one side:.of'the joint be offset with
the plate on the other side ofjjeint in excess of the align-
ment tolerance in HW=812 except as provided in
HW-715(a)(2).

(a) Atapered trahsition section havingalength notless
than three timesthe offset between the adjoining surfaces
as shown in Figure HW-701.1, shall be provided at joints
between niaterials that differ in thickness by more than
one-fourth)of the thickness of the thinner material or by
morethan % in. (3.0 mm). The transition section may be
fornied by any process that will provide a uniform taper.
The weld may be partly or entirely in the tapered section
oradjacenttoitasindicated in Figure HW-701.1. The tran-
sition requirement also applies when there is a reduction
in thickness within a cylindrical shell course and to tapers
within formed heads. In longitudinal shell joints, the

middle lines of the aﬂjninihn thicknesses shall be in align

(b) Where fusion welded steel plate boilérs-are made
up of two or more courses, the welded longitudinal joints
of adjacent courses shall be not less than6 in. (150 mm)
apart.

HW-701.2 Lap Joints.

(a) Boilers designed forsnot more than 30 psi (200 kPa)
and having inside diameters not exceeding 24 in.
(600 mm) L.D. may*have longitudinal or circumferential
joints uniting platés of a shell made with lap joints,
provided thejointis notin direct contact with the products
of combustien.

(b) Eorboilersover 30 psi (200 kPa) or 24 in. (600 mm)
.D,, lapyjoints may be used only where stayed plates are
join€d, where a cylindrical shell and a stayed wrapper are
joined, or as permitted in HW-711.

(c) Exceptas permitted in HW-701.4 and HW-711, lap
joints shall be full fillet welded inside and outside and the
throats of the fillet welds shall be not less than 0.7 times
the thickness of the thinner plate. The surface overlap shall
be not less than 4 times the thickness of the thinner plate.

HW-701.3 Corner or Tee Joints.

(a) Boilers designed for not more than 30 psi (200 kPa)
may have the corner or tee joints made with single full
fillet welds. The throat of the fillet weld shall be not
less than 0.7 times the thickness of the thinner plate
joined [see Figure HW-701.3, sketches (a), (b), and (c)].

(b) Hot water boilers designed to these rules for pres-
sures in excess of 30 psi (200 kPa) shall have corner or tee
joints made only with full penetration welds [see Figure
HW-701.3, sketches (d) and (e)] or double full fillet welds
[see Figure HW-701.3, sketch (f)].

HW-701.4 Single Fillet Joints for Lap
Attachment of U-Bend Tubes. Tubes bent to a
nominal 180 deg to form a U-bend may be attached to
headers by fillet welds provided

(a) the header is not larger than NPS 3 (DN 80)

(b) the maximum thickness of the parts being joined is
% in. (10 mm)

(c) the tubes are inserted, coaxially with a forced fit for

ment within the fabricating tolerances specified in
HW-812.
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aminimum distance of 1.5 times the minimum thickness of
the parts being joined, into the end of the header and are
attached by fillet welds
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Figure HW-701.1
Butt Welding of Plates of Unequal Thickness

HW-702.1 Joint Efficiencies for External
Pressure Design. Joint efficiency E factors are not
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(d) the fillet welds are deposited from the outside only
with one leg not smaller than the thickness of the header
and the other leg not smaller than 1.3 times the thickness
of the thinnest part being joined, and

(e) the fillet weld shall not be in contact with primary
furnace gasses

HW-702 Joint Efficiencies

The following joint efficiencies E are to_be used in e,
HG-301 and HG-305 for joints completéd’ by an arc or
gas welding process:

(a) E=85% for full penetration butt joints as attained
by double welding or by other means that will obtain the
same quality of deposited weld*metal on the inside and
outside weld surfaces, to provide complete joint penetra-
tion and assurance that the weld grooves are completely
filled (HW-701.1). Welds that use metal backing strips that
remain in place are excluded.

(b) E = 80% fot full penetration single-welded butt
joints with-backing strips other than those included in
(a) above.

(c) /E=60% for single-welded butt joints without use of
backing strips.

{d) E =65% for double full fillet lap joints meeting the
requirements of HW-701.2(b).

(e) E =49% for double full fillet lap joints meeting the
requirements of HW-701.2(a).

- . 1 1 1 4=l 1 - - 1 - 1
ITQUITTU LU DT USTU WIICIT UIC DUIITH pPdI't 15 UTSIgIITU
for external pressure only.

HW-703 Minimum Thickness of Welded Parts

The minimum thicknesses specified in HF-301 and
Section II, Part D, Table 6A or Table 6B applylif
greater than the thicknesses calculated utilizing _the
above listed joint efficiency factors with equations of
this Section.

HW-710 Welded Stays

HW-710.1 Insertion of Stayst Except as provided in
HW-710.4, the stays are to be igserted into holes through
the plate and extended atleastthrough the full thickness of
the plate.

HW-710.2 Projéection of Stays Exposed to
Primary Furnace-Gases. The ends of stays inserted
through platesishall not project more than /4
in. (10 mm) beyond surfaces of the plate exposed to
primary furnace gases.

HW-710.3 Welding of Stays. Stays for pressures 30
psii{200 kPa) or less shall be attached by fillet welds,
partial penetration groove welds, or full penetration
welds. Stays for greater than 30 psi (200 kPa) shall be
attached by full penetration welds (use of weld
backing rings is optional).

(a) To provide for the above specified welding, the
plate may be countersunk by machining or pressing, or
the stay may protrude through the plate, or a combination
of those methods may be used.

(b) The size of the weld in shear, measured parallel to
that portion of the stay in or extended through the plate,
shall be not less than % times the required diameter of
the stay and in no case less than ¥, in. (6 mm). For a stay
with other than circular cross section, the minimum size of
the weld shall be that calculated for a circular stay of the
same cross-sectional area.

(c) The end of the stay shall not be covered by weld
metal and shall not be below the surface of the plate
and the fit-up and welding shall be such that excessive
weld deposits do not project beyond the surface of the
plate at the root of the weld.

HW-710.4 Welding of Diagonal Stays. Diagonal
stays shall be attached to the inner surface of the shell,
but not to a head or tubesheet, by fillet welds only
provided the following [see Figures HW-710.4(a) and
HW-710.4(b)]:

(21
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Figure HW-701.3

Some Forms of Attachments of Pressure Parts to Flat Plates to Form a Corner Joint (Tee Joint)

4>‘ min. t,,
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(a)

Not less than 1.25t;
but need not be greater than t,
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K ts orts
Backing strip

may be used
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(d)
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*>‘| r—min. tm |
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(b)

min. 2t

:

)
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ts orty

Backing strip
may be used
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(e-1).Unstayed Flat Head

—_— <—th

(f) [Note (1)1

tx'= nominal furnace thickness

t;, = nominal head thickness

lesser of t,, t,, or tras applicable
t; = nominal shell thickness

EN
I

GENERAL NOTES:

~
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()

Smaller of '/, in.,
0.25t;, or 0.25¢,

—_ |

— )

tsort;

Backing strip
may be used

ty

d

(e-2) Flat Head Supported by
Tubes or Stays

NS

Not permissible

(g)

(a) MHlustrations (a), (b), and (c) are permissible for boilers for pressures up to 30 psi (200 kPa).
(b) MHlustrations (d), (e-1), (e-2) or (f) are required for boilers designed for pressures over 30 psi (200 kPa).

‘E) Mustration (g] isnet pel;_micpilnln

NOTE: (1) a; + a; = 2t,, where a; is not less than 0.5a;, nor greater than 2a,.
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Figure HW-710.4(a)
Some Acceptable Types of Diagonal Stays for

GENERAL NOTE: A round bar or a round bar with a forged palm.

Figure HW-710.4(b)
Unacceptable Types of Diagonal Stays for Installation by Welding

r——'ﬂ?
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(a) Filletwelds shall be notless than % in. (10 mm) size
and shall continue the full length of each side of the portion

(d) the shell or wrapper sheet, where exposed to
primary furnace gases and not water cooled, shall not

of the cf‘ay in—contact-with-the shell-The prnr‘nrf of the

aggregate length of these fillet welds times their throat
shall be not less than 1.25 times the required cross-
sectional area of the stay. A fillet weld across the end
of the stay is optional but shall not be credited in calcu-
lating the required area of fillet welds.

(b) Thelongitudinal center line of the stay (projected if
necessary) shall intersect the surface of the plate to which
the stay is attached within the outer boundaries of the
attaching welds (also projected if necessary).

(c) Diagonal stays shall, for boilers designed for not
more than 30 psi (200 kPa) pressure, comply with the
requirements of HW-710.1, HW-710.2, and HW-710.3.

HW-711 Heads or Tubesheets Attached by Welding

HW-711.1 Flanged Heads or Tubesheets. Boilers
may be constructed by attaching an outwardly or inwardly
flanged head or tubesheet to the shell by fillet welding
provided

(a) the head or tubesheet is supported by tubes, or
braces, or both

(b) the joint attaching an outwardly flanged head or
tubesheet is wholly within the shell and forms no part
thereof

(c) inwardly flanged heads or tubesheets are full fillet
welded inside and outside

(d) the throats of the full fillet welds are not less’than
0.7 times the thickness of the head or tubesheet

(e) on inwardly flanged heads or tubesheets, the
minimum length of the straight flange shall conform
with the requirements of HW-701.2

(f) the shell at the weld is not in contact with primary
furnace gases

(g) these constructions shall not be used on the rear
head of a horizontal-return tubwar boiler, and inwardly
flanged heads or tubesheets’shall not be used on a boiler
with an extended shell

HW-711.2 Unflanged Heads or Tubesheets.
Boilers may be constructed by attaching unflanged
heads or tubésheets to the shell by welding, provided

(a) the(head or tubesheet is supported by tubes or
braces, 6r both, as required by HG-340, or its thickness
is calculated using the appropriate formula from HG-307

(b)* the welding for boilers designed for not more than
30.psi (200 kPa) meets the minimum requirements for
HW-701.3(a)

(c) the weld for boilers designed for pressure in excess
of 30 psi (200 kPa) is a full penetration weld applied from
either or both sides as shown in Figure HW-701.3, sketch

(A (e-1) or(e-2) or a double full fillet weld as shown-in
7T J7 C J

extend l‘\nynnﬂ the outside face of the head or tubesheet

for a distance greater than the thickness of the head or
tubesheet

(e) this construction shall not be used on the rear head
of a horizontal-return tubular boiler

HW-712 Furnace Attachments

HW-712.1 For Pressures Not More, Than 30
psi. (200 kPa). A furnace or crown sheet in a boiler
designed to these rules for pressures-not more than 30
psi (200 kPa) may be attached teyaChead or tubesheet
with a fillet weld as shown in_Fjgure HW-701.3, sketch
(a) or (b), provided

(a) thefurnace, head, orfubesheet projections shall not
extend beyond the outside-face of the abutting plate or
furnace for a distance, greater than ¢, unless protected
by refractory material; the furnace shall be trimmed to
remove any exéess material before welding

(b) the thtoat of the full fillet weld is not less than 0.7
times the ‘smaller of the following:

(L) the thickness of the furnace
{2) "the thickness of the head or tubesheet

(¢) the joint attaching a cylindrical furnace to a head or
tubesheet is wholly outside the cylindrical portion of the
furnace

HW-712.2 For Pressures in Excess of 30
psi. (200 kPa). A furnace or crown sheet in a hot
water boiler designed to these rules for pressures in
excess of 30 psi (200 kPa) shall be attached to a head
or tubesheet, as shown in Figure HW-701.3, sketch (d),
(e-1), or (e-2), by a full penetration weld. When
exposed to primary gases, the furnace, head, or tubesheet
before projections shall not extend beyond the face of the
abutting plate or furnace by more than % in. (10 mm),
unless protected by refractory material.

HW-713 Tubes Attached by Welding

(a) The edge of the plate at the tubesheet hole may be
beveled or recessed. The depth of any bevel or recess shall
not be less than the tube thickness. Where the plate is
beveled or recessed, the projection of the tubes
beyond the tube sheet shall not exceed a distance
equal to the tube thickness, but shall extend at least
through the tubesheet.

(b) The maximum and minimum distance the firetube
shall extend through the tubesheet shall be in accordance
with Table HW-713.

(c¢) The minimum fillet weld throat plus groove weld
dnvﬁ—l« LGf nrncan Nchallbhana crn o than +ho b ol

Figure HW-701.3, sketch (f)
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stays by HG-346.3, the area of the weld in shear measured
parallel to the axis of the tube at the outside diameter of
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Table HW-713

(21) Firetube Extension Through Tubesheets for Welded Construction
Tubes Exposed to Primary Tubes Not Exposed to Primary
Furnace Gases [Note (1)] Furnace Gases [Note (1)]
Tubesheet beveled or recessed min. = the tube shall extend at least through the min. = the tube shall extend at least through
tubesheet the tubesheet
max. = tpe max. = greater of type O 7 in. (10 mm)
Tubesheet not beveled or recessed min. = type [Note (2)] min. = type [Note (2)]
max. = greater of type OI Y, in. (6 mm) max. = greater of type O 3 in. (10_fim)
NOTES:

(1) See HG-360.2.

(2) For firetubes attached using laser beam welding, the minimum tube extension may be smaller than the tube thickness provided the tube
extends at least through the tubesheet. In addition, the welding procedure and the performance qualification shall be’ performed in accor-
dance with Section IX, QW-193, and the required depth of penetration of the tube-to-tubesheet weld shall be atléast 1.25 times the tube

thickness.

the tube shall additionally not be less than 1.25 times the
cross-sectional area of the tube required by HG-342.1.
(d) The above projections do not apply to watertubes;
the maximum projection for watertubes is % in. (13 mm).
For attachment of watertubes by welding, see HW-731.

HW-715 Head-to-Shell Attachments

Ellipsoidal, torispherical, hemispherical, and other
types of formed heads, concave or convex to the pressure
shall have the following requirements as to skirt length.

(a) See below.

(1) An ellipsoidal or torispherical head that\is
attached to a shell by a butt joint need not be provided
with a skirt when the nominal head thickness déés not
exceed 1Y, times the nominal shell thickness. When
the nominal head thickness exceeds 1Y% times the
nominal shell thickness, a skirt shall be provided
having a length not less than three times the nominal
head thickness or 1%, in. (38_nim), whichever is
smaller. When a skirt is used.it-shall meet the require-
ments for shell thickness in HG-301.

(2) Flanged heads _concave to pressure may be
attached to shells using a butt weld with one plate
offset as shown/mn-Figure HW-715.1 provided the
welded joint is-not in contact with primary furnace
gases. The offset’shall be smooth and symmetrical and
shall not b€ machined or otherwise reduced in thickness.
There shall'be a uniform force fit with the mating section at
the root-of the weld.

(b)) Ellipsoidal or torispherical heads, concave or
convex to the pressure, shall have a skirt length not
fess than that shown in Figure HW-715.1 provided the
welded joint is not in contact with primary furnace
gases. Heads that are fitted inside or over a shell shall

(c) Formed heads of fulllhemispherical shape, concave
to pressure, need nothave an integral skirt, but where a
skirt is provided for\butt-welded attachment, the thick-
ness of the skirtshall be at least that required for a seam-
less cylindrieal shell of the same diameter.

(d) Flangeéd'ellipsoidal or torispherical heads convex to
pressuréinay be attached to the shell with a full fillet weld
with throat no less than 0.7 times the head thickness. The
shell at the weld shall not be in contact with primary
furnace gases.

HW-720 Openings in Welds

Any type of opening that meets the requirements for
reinforcement given in HG-321 may be located in a
butt-welded joint.

HW-730 Welded Connections

HW-730.1 Strength of Attachment Welds.

(a) Nozzles, other connections, and their reinforce-
ment may be attached to a boiler by arc or gas
welding. Sufficient welding shall be provided on either
side of the line through the center of the opening parallel
to the longitudinal axis of the shell to develop the strength
of the shell as prescribed in HG-327 through shear or
tension in the weld, whichever is applicable. The strength
of groove welds shall be based on the area subjected to
shear or to tension. The strength of fillet welds shall be
based on the area subjected to shear, computed on the
minimum leg dimension. The inside periphery of fillet
weld shall be used in computing its length.

(b) Weld strength calculations for pressure loadings
are not required for the following:

have a driving fit before welding.
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(1) nozzle connections made per Figure HW-731,

sketches (a), (b), (c), (g), (h), (0-1), (s-1), (u-1), (v-1),
and (w-1)
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Figure HW-715.1
Heads Attached to Shells

2t, min., but not less than 1/, in. (13 mm) 3t, min., but need not exceed
Tangent| | for ellipsoidal heads 2t min Tangent 11/, in.(38 mm)
i s line — .
line ——21  2¢, min. + 1/, in. (13 mm) for other heads 1.3t min t ts min.
.3t .
fts 0{* 1.3t, min. s " ] '
A a : R ——
N . . N .
‘ 7 %‘<—+ 3ty min. + 2in. 1.3t, min.
——— 3¢, min. + 1, in. (13 mm) I (13 mm) Taper o1 min.
but not less but not less optional s
than 1in. than 1in. (25 mm)

(a) Single Fillet Weld

Bevel optional 21/, tmax.
R 12tmin.
P rf
U %)
-7t LIRS

S
Avoid sharp break

Depth of offset = t
Pressure on this side

N/
\\
As desired—/ / .
11/, t min.
tor t;="1, (13 mm) max.

(b) Butt Weld With One
Plate Edge Offset

(2) nozzle connections for openings that are exempt
from reinforcement requirements by HG-320.3(c) or
HG-320.3(d), and

(3) openings designed in accordance with the rales
for ligaments in para. HG-350

HW-730.2 Stress Values for Weld Metal. The
allowable stress values for groove and fillet’welds and
for shear in nozzle necks in percentages of stress
values for the vessel material are as fellows:

Factor Percentage of Stress Values, %
Nozzle-wall shear 70
Groove-weld tension 74
Groove-weld shear 60
Fillet-weld shear 49

GENERAL NOTE: These values are obtained by combining the
following factors: 87%% for combined end and side loading,
80% forShear strength, and the applicable joint efficiency
factors!

HW-730.3 Telltale Holes in Reinforcement
Plates and Saddles. Separate reinforcement plates
and saddles used to reinforce the material around open-
ings and that are attached to the outside of a boiler shall be
provided with at least one telltale hole [maximum size:
Y, in. (6 mm) pipe tap] that may be tapped for a prelim-

t t

r S r S

Z%Z@ t, %ZZ% &
(c) (ch)

Details (c), (d), and (e)
are not permissible

holes are plugged, the plugging material used shall not be
capable of sustaining pressure between the plate and the
boiler wall.

HW-730.4 Stud Welds. Arc stud welding and resis-
tance stud welding, as defined in E-101, where the boiler
pressure exerts a tensile load on the studs, may be used
only for the attachments of bolted unstayed flat heads,
cover plates and blind flanges, handholes and manholes,
with the further limitations as follows:

(a) Studs attached by stud welding shall not be in direct
contact with products of combustion or flue gases.

(b) Where the pressure exerts a tensile load on the
studs, a full-face gasket must be used on flat heads,
cover plates and blind flanges attached by stud welding.

(c) The minimum size stud used shall be not less than
Y%, in. (6 mm) nominal diameter, and the maximum size
shall not exceed 7 in. (22 mm) nominal diameter.

(d) The type of stud shall be limited to round externally
threaded studs.

(e) Base metal shall be of ferrous material specification
as permitted by this Section, and the base metal must be
thick enough to prevent burn through. See HW-500(b) for
stud material.

(f) The maximum spacing of studs shall not exceed 12
times the nominal diameter of the stud.

(g) The maximum allowable stress for the stud shall be
7800 psi (54 MPa) based on the smallest cross-sectional

inary compressed-air and soapsuds test for tightness of
welds that seal off the inside of the boiler. These telltale
holes may be left open when the boiler is in service. If the
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area (i.e., the root of the thread).
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HW-731 Minimum Requirements for Attachment
Welds

partial penetration welds may be any desired combination

of fillet, single-bevel, and single-] welds. The dimension t,,

of each weld shall be not less than the smaller of 1* in

HW-731.1 General. The location and minimum
size of attachment welds for nozzles and other connec-
tions shall conform to the requirements in this paragraph.

(a) Notation.The symbols used in this paragraph and in
Figure HW-731 are defined as follows:

t = nominal thickness of boiler shell or head
t, t, = not less than the smaller of %, in. (6 mm) or
0.7tmin and t; + ¢, not less than 1Ytmin
t. = not less than the smaller of %, in. (6 mm) or
0.7 tmin, (inside corner welds may be further
limited by a lesser length of projection of
nozzle wall beyond the inside face of the
boiler wall)
tmin = the smaller of ¥, in. (19 mm) or the thickness of
the thinner of the parts joined by a fillet, single-
bevel, or single-] weld
t, = nominal thickness of nozzle wall
t, = dimension of partial penetration attachment

welds (fillet, single-bevel, or single-J), measured
as shown in Figure HW-731

HW-731.2 Necks Abutting the Boiler Shell.

(a) Nozzles abutting the boiler shell shall be attached
by a full penetration groove weld. Backing strips shall be
used with welds deposited from only one side when the
shell thickness is over % in. (10 mm) or when complete
joint penetration cannot be verified by visual inspéction
[for example, see Figure HW-731, sketch (y)]-

(b) Nozzles or tubes recessed into thick boiler'shells or
headers may be welded from only one side‘by cutting a
welding groove in the boiler shell to a.depth of not less
than ¢, on the longitudinal axis of th@jopening. It is rec-
ommended that a recess at least % ih. (1.5 mm) deep be
provided at the bottom of the greove in which to center the
nozzle. The dimension t,, of'the attachment weld shall be
not less than t, or less than ', in. (6 mm) [for example, see
Figure HW-731, sketehi(y)].

HW-731.3 (Inserted Nozzles Without Added
Reinforcement Elements.

(a) Nozzles inserted into or through a hole cut in the
boilet/shell and without additional reinforcement
elements shall be attached by a full penetration groove
weld or by two partial penetration welds, one on each
face of the boiler shell. Permissible types of welds are
shown in Figure HW-731, sketches (c) through (h).

(b) Backing strips shall be used with full penetration

(6 mm) or 0.7ty;, and their sum shall be not less than
1Y% tmin (see Figure HW-731).

HW-731.4 Inserted Nozzles With Added
Reinforcement. Inserted type nozzles having added
reinforcement in the form of one or more separate rein=
forcement plates shall be attached by welds at the nozzle
neck periphery and at the outer edge of each reinforce-
ment plate. The weld at the outer edge of each reinforce-
ment plate shall be a fillet weld with a minimum throat
dimension of %t,,;,.. The welds attachingthe nozzle to the
boiler shell and to the reinforcement shallconsist of one of
the following combinations:

(a) asingle-bevel or single-] weld in the shell plate, and
asingle-bevel or single-] weldiin.each reinforcement plate.
The dimension t,, of each weld-shall be notless than 0.7t
[see Figure HW-731, sketch (n)].

(b) afull penetrationgroove weld in the shell plate, and
a fillet, single-beyel-or single-] weld with a weld dimen-
sion t,, not less than 0.7¢t,,;, in each reinforcement plate
[see Figured JW-731, sketch (m)].

(c) a full'penetration groove weld in each reinforce-
ment_plate, and a fillet, single-bevel, or single-] weld
with & weld dimension t,, not less than 0.7t.,;, in the
shell'plate [see Figure HW-731, sketch (1)].

HW-731.5 Nozzles With Integral Reinforcement.
Nozzles and other connections having integral reinforce-
ment in the form of extended necks or saddle type pads
shall be attached by a full penetration weld or by means of
a fillet weld along the outer edge and a fillet, single-bevel,
or single-] weld along the inner edge. The throat dimen-
sion of the outer weld shall be not less than Y%t;,. The
dimension t,, of the inner weld shall be not less than
0.7tmin [see Figure HW-731, sketch (Kk)].

HW-731.6 Fittings. The attachment of fittings shall
meet the following requirements.

(a) Exceptas provided forin HW-731.7, fittings shall be
attached by a full penetration groo