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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Pressure Vessel Committee was superseded by the following committees: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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CORRESPONDENCE WITH THE COMMITTEE

General

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

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

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to ificorporate changes that appear necessary or
desirable as demonstrated by the experience gained from the application of the Code. Approved revisions will be
published in the next edition of the Code.

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

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

Cases

(a) The most common applications-for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use 6f @ new material or process
(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recomtnhending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the’Code.
(c) The.committee will consider proposed cases concerning the following topics only:
(D~ equipment to be marked with the ASME Single Certification Mark, or
(2) equipment to be constructed as a repair/replacement activity under the requirements of Section XI
{d) Aproposed case shall be written as a question and reply in the same format as existing cases. The proposal shall also
include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.g.,, the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number(s) to which the proposed case applies
(4) the edition(s) of the Code to which the proposed case applies

(e) A case s eftective for use when the public review process has been completed and 1t 1s approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases books,
“Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supplements.
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Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the next edition
of the Code. Annulments of Code Cases become effective six months after the first announcement of the annulment in a

Code Case anp]nmnnf or - Editionof the npprnpriafn Code Case book.-The status of any case is—available at

http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and
Nuclear Code Cases is available at http://go.asme.org/BPVCC.

Interpretations

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

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

(c) ASME does notactas a consultant for specific engineering problems or for the general application or understanding
of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the request will be returned with the recommendation that such.assistance be obtained. Inquirers
may track the status of their requests at http://go.asme.org/Interpretations.

(d) ASME procedures provide for reconsideration of any interpretation when or'ifadditional information that might
affect an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “
device, or activity.

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

»u

certify,” “rate,” or “enndorse” any item, construction, proprietary

Committee Meetings

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

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

Page Location Change

xiii List of Sections (1) Under Section III, Division 4 added
(2) Title of Section XI and subtitle of Section XI, Division 2 revised
(3) Information on interpretations and Code cases moved to “Correspendénce

With the Committee”
xvii Personnel Updated
XXXIX Correspondence With the Committee Added (replaces “Submittal of Technical Inquiries to the Bgiler and Pressure
Vessel Standards Committees”)

xlv Cross-Referencing in the ASME BPVC Updated

4 HG-301.2 Subparagraph (d) revised

6 Figure HG-307 Cross-references in sketches (j) and (k) revised

9 HG-307.5 Subparagraph (b) revised

29 HG-360.1 Subparagraph (b) revised

33 Article 4 Deleted

34 HG-401A Subparagraph (a) revised

34 HG-402A.2 Revised

38 HG-502.2 Subparagraph (d)(2)(-b)\fevised

39 HG-502.4 Subparagraph (d)(2)(-b) revised

41 HG-511 (1) Former subpara:{c) deleted and subsequent subparagraphs redesignated
(2) Subparagraph (e) [formerly (f)] revised

41 HG-515.2 (1) Subparagraphs (d), (n), (0), and (p) revised
(2) Subpayagraph (q) added

42 HG-515.3 Subpatagraph (b)(14) revised

43 HG-520 Revised in its entirety

44 HG-530.1 Subparagraph (g) revised

45 HG-530.2 Subparagraph (g) revised

48 HG-531 Revised in its entirety

49 Figure HG-531.2 In title and figure, “PRT” revised to “PRT IV”

48 HG-532 Revised in its entirety

49 HG-533.1 First sentence revised

49 HG-533.2 Revised

49 HG-533.3 Last sentence revised

49 HG-533.6 Revised

49 HG-533.7 Second sentence revised

50 HG:540-1 First sentence revised

50 HG-540.5 First sentence revised

61 HG-710.2 Subparagraph (b) revised

62 HG-710.4 (1) Former HG-710.5 redesignated as HG-710.4
(2) Subparagraph (d) revised

62 HG-715 Subparagraphs (c) and (d) revised

63 HG-725.6 Second sentence revised

65 HG-801 Revised in its entirety

66 HG-803 Revised in its entirety

69 HF-201 Subparagraph (b)(1) revised

69 HF-203 Revised

69 HF-203.1 First sentence of subpara. (a) revised

70 HF-203.3 Endnote 20 and subpara. (a) revised
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Page Location Change
73 HF-301.1 Subparagraphs (c) and (d) revised
73 HE.301.2 Subparagraph-(b) revised
83 Figure HW-715.1 Revised
90 Figure HW-745 In illustration (f), Step 1 revised
93 HW-820.1 Editorially reformatted
93 HW-820.8 (1) Editorially reformatted
(2) Subparagraph (e) [formerly (a)(5)] revised
106 HC-211 In-text table editorially revised
114 HC-403 Revised
116 HC-502.10.1 Revised
116 HC-502.12.2 Subparagraph (b) revised
123 HA-404 Revised
126 HA-502.10.1 Revised
126 HA-502.12.2 Subparagraph (b) revised
132 HLW-200 Subparagraph (k) added
133 HLW-201 Subparagraph (d) added
137 HLW-309 Title and subparas. (a)(1) and (b) revised
137 HLW-310.2 Revised
140 HLW-413 Subparagraph (c) added and subsequent subparagraphs redesignated
149 HLW-451 Subparagraph (b)(5)
154 HLW-504 Second paragraph reviséd
154 HLW-505.1 Revised
154 HLW-505.2 Added and sulisequent paragraph redesignated
156 HLW-601 Revised in its/éntirety
157 HLW-602 Revised ihyits entirety
161 HLW-800.1 Subpafagraph (c) revised
161 HLW-801.3 Subparagraph (b) added and subsequent paragraph redesignated
162 HLW-801.7 Subparagraph (b) revised
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——CROSS-REFERENCING IN THE ASME BPVC )

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

(a) Hierarchy of Subparagraph Breakdowns

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

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

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

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

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

(3) 1If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced/as (c)(1)(-a).
(4) 1f X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).
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PART HG

GENERAL REQUIREMENTS FOR ALL
MATERIALS OF CONSTRUCTION

ARTICLE 1
SCOPE AND SERVICE RESTRICTIONS

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 enforce-
ment or regulatory body havingjurisdiction at the location
of an ifistallation, 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 heating‘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.



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

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.
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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) Noboiler shall be operated ata 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
welded joints, use the efficiency specified in

strength taken from the welded product #alves of

the stress tables in Section II, Part D.

design pressure [but not less than 30-psi (200 kPa)]

R = inside radius of cylinder

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

t = required wall thickness

HG-301.2 Tubes.

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

(b) Thewall thickness of tubes and pipes subject to
external-pressure shall be determined by the procedures
outlined-in HG-312.3.

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

(d) Tubes installed by expanding shall have an addi-
tional 0.04 in. (1 mm) of wall thickness added to the
minimum required thickness as an allowance for
expanding and structural 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
the major axis of an ellipsoidal head: or inside

HW-702. For seamless Snells, use £ = 1. Welded
pipe or tubing shall be treated in the same
manner as seamless, but with allowable tensile

diameter of a cone head at the point under consid-
eration, measured perpendicular to the longitudi-
nal axis
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E = lowestefficiency of any jointin the head. For welded
joints, use the efficiency specified in HW-702. For

seamlessheads use E — 1‘ nvt‘npf for hnmicphnrira]
T

(d) The design pressure on the head is taken as that
calculated for an unstayed formed head plus the pressure

calculatedforthe cfnyc hy the nqnafinn for cfaynﬂ surfaces

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 not less 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

28E — 0.2P

or
2SEt
D + 0.2t

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
0.88S5L + 0.1t

HG-305.4 Hemispherical Heads. The required
thickness and the design pressure.cf a hemispherical
head in which P does not exceed.0.665SE shall be calcu-
lated by the following formulas:

PL
28E — 0.2P

or
2SEt

P = ————
L + 02t

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

(a) The head is at least two-thirds as thick as required
by the rules of this paragraph for an unstayed head.

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 an 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-net less
than 6% of the outside diameter 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 thicknesseswof which satisfy the require-
ments of the appropriate_formulas above, provided that
adjoining shapes are so'\formed that they have a common
tangent transverse.to\the joint.

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

HG-305.9 Permissible Diameter of Flat Spots on
Formed Heads. If a torispherical, ellipsoidal, or hemi-
sphierical 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 Figure HG-307.

The symbols used in this paragraph and Figure HG-307
are defined as follows:

C = afactor depending upon the method of attachment

ofthe head shell pipn or-headerdimensions-and
7 7 7 U

(b) The head is at least /3 in. (22 mm) thick.
(c) The stays are through-stays attached to the head by
outside and inside nuts or welding.

other items as listed in HG-307.4 below, dimen-
sionless. The factors for welded covers also
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Figure HG-307
Some Acceptable Types of Unstayed Flat Heads and Covers

i<— Center of weld < Center of lap

I
>i¢
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bl ‘>’«Tangent o ¢ | [<Tangent
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GENERAL NOTE: These illustrations are diagrammatic only; other designs that meet the requirements of HG-307 will be acceptable.
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include a factor of 0.667 that effectively increases
the allowable stress for such construction to 1.5S.

except when the head, cover, or blind flange is attached by
bolts causing an edge moment [Figure HG-307, sketches

D — ]r\ng cpan ofnoncircularheads orcoversmeasured

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 drum, pipe,
or header, before welding, to outer face of head, 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
()

t, = actual thickness of flat head or cover

t. = required thickness of seamless shelli pipe, or
header, for pressure

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

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

W = total bolt load as further-defined in HG-307.2

Z = a factor for noncir€ular heads and covers that
depends on thle ratio of short span to long
span, as given‘in HG-307.3 below, dimensionless

~ w3
1

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

(@) Circular blind flanges of ferrous materials
c¢enforming to ASME B16.5 shall be acceptable for the
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).

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

(}) and (lz)]’ inwhich case the thickness-shallbe calculated

by

t = d\CP/S + 19WHG/Sd> (2)

When using eq. (2), the thickness t shall be calculated.for
both operating conditions and gasket seating, and ‘the
greater of the two values shall be used. For @perating
conditions, the value of P shall be the design“pressure,
the value of S at design temperature shall be used, and
W shall be the sum of the bolt loads.required to resist
the end pressure load and to majntain tightness of the
gasket. For gasket seating, P equals’zero, the value of §
at atmospheric temperature shall be used, and W shall
be the average of the requiredbolt load and the load avail-
able from the bolt area aetiially used.

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

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

t = dzcp/S 3)
where
7 = 34 - 24 4
D

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

(b) Equation (3) of (a) 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 thickness shall be calculated by the following
equation:

t = dyZCP/S + 6WHg/SLd* )

When using eq. (5), the thickness ¢ shall be calculated in
the same way as specified above for HG-307.2(b), eq. (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
HG-307.2(b), egs. (1) and (2); HG-307.3(a), eq. (3); and
HG-307.3(b), eq. (5) are as follows:

(a) Figure HG-307, sketch (a): € = 0.17 for flanged
circular and noncircular heads forged integral with or
butt welded to the shell, pipe, or header, with an
inside corner radius notless than three times the required

by the following equation:

t = d\CP/S 1

head thickness, with no special requirement with regard
to length of flange, and where the welding meets all the
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requirements for circumferential joints given in Part HF,
Subpart HW.

nominal shell thickness but need not be greater than the
head thickness; the weld shall be deposited in a welding

C =010 for circular heads when the flange ]nngfh for
4 =]

heads of the above design is not less than
2
I = [1.1 — 0.8 [dty (6)
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 be
used, if desired.

(d) Figure HG-307, sketch (d): C = 0.13 for integral flat
circular heads when the dimension d does not exceed
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 not less than 0.25¢t, and
the construction is obtained by special techniq@es’of
upsetting and spinning the end of the shell, pipe, or
header, such as employed in closing header ends.

(e) Figure HG-307, sketches (e), (f), and{g): C = 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 requirements for the‘vespective types of
fusion welded boiler drums. If @,value of m less than 1
is used in calculating t, the shellthickness t, shall be main-
tained alonga distance inwardly from the inside face of the

head equal to at least 2\/d75. The throat thickness of the

fillet welds 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 £imés the nominal shell thickness but need not
be greaterthan 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.

C = 0.33 for noncircular plates, welded to the inside of a
drum, pipe, or header, and otherwise meeting the require-
ments for the respective types of fusion welded boiler
drums. The throat thickness of the fillet welds in sketches

grnnvn 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 ¢, is at least
1.25¢t, and the beveled end of the shell is located at a
distance no less than 2t, nor less than 1.25¢t, from the
outer face of the head. The width at the bottom of the
welding groove shall be atleast equal to the shell thickness
but need not be over % in. (6 mm).

(g) Figure HG-307, sketch (i): € = 0.33m put 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¢ isMased, and when
the beveled end of the drum, pipé&joef header is located
at a distance not less than 2% nor less than 1.25¢,
from the outer face of the/head. The width at the
bottom of the welding groove shall be at least equal to
t,, but need not be oyer/, in. (6 mm).

(h) Figure HG-307%.sketches (j) and (k): C = 0.3 for
circular and nodficircular heads and covers bolted to
the shell, flahge, 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\ 1.9WH/Sd>

for circular heads and covers, nor less than
d\/6WH/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.

(j) Figure HG-307, sketch (p): € = 0.25 for circular and
noncircular covers bolted with a full-face gasket to shells,
flanges, or side plates.

(k) Figure HG-307, sketch (q): € = 0.75 for circular
plates screwed into the end of a shell, pipe, or header,
having an inside diameter d not exceeding 12 in.
(300mm); or for heads having an integral flange
screwed over the end of a shell, pipe, or header,
hnving an inside diameter d not pyrppding 12 in (?nn

(e) and (f) shall be at least 0.7¢,. 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

mm); and when the design of the threaded joint
against failure by shear, tension, compression, or radial
deformation, including flaring, resulting from pressure
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and differential thermal expansion, is based on a factor of

(23)

at least five. If a tapered pipe thread is used, the require- A = outside diameter of flange
mentsofTahle HG-370 shall alsaobemet Seal ‘Mnlrling may B = inside-diameterof flancse
be used, if desired. C = bolt circle diameter

(1) Figure HG-307, sketch (r): C=0.33 for circular plates L = inside spherical or crown radius

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 circumference
of the cylinder is uniformly heated to the proper forging
temperature for the material used. For this construction,
the ratio t/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 = §/5d.

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

HG-307.5 Electric Immersion Heating Etement
Support Plates. Electric immersion heating element
support plates shall be supplied using oneef.the following
options:

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

(b) by aSectionIV “H” Certificate Holder or by a Section
VIII, Division 1 “U” Certificate Holder. The design shall be
to the 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
Section VIII, ‘Division 1, Mandatory Appendix 41.”
When_the/part is manufactured by a “U” Certificate
Holden, the U-2 Partial Data Report will be referenced
omthe Manufacturer’s Data Report, Form H-2.

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

HG-309 SPHERICALLY DISHED COVERS
(BOLTED HEADS)

M, = the total moment determined as in Section VII],
Division 1, Mandatory Appendix 2, 2-6, except
that for heads of the type showm\in
Figure HG-309, sketch (d), a momeht.H,h,
(which may add or subtract) shall be(included
in addition to the moment Hphp where

Hp = axial component of the mémbrane load in
the spherical segment:acting at the inside
of the flange ring

= 0.785B°P

hp = radial distance‘frem 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 B4

h, = lever arm of force H, about centroid of
flange ring
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

S = 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

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
(@)

(1) Thethickness ofthe head tshall be determined by
the appropriate equation in HG-305.

(2) Theheadradius L or the knuckle radius rshall not
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 VIIT, Division 1, Mandatory Appendix

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

2, 2-1 through 2-7. (Within the range of ASME B16.5, the
flange facings and drillings should conform to those
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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

Knuckle

radius radius

|

Integral Flange Type

Gasket Gasket

Loose 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)

standards and the thickness specified therein shall:be
considered as a minimum requirement.)
(b) Heads of the Type Shown in Figure HG-309;>Sketch
(b). (No joint efficiency factor is required.)
(1) Head thickness

SPL
6S
(2) Flange thickness T
(-a) For ring gasket,
B[
SBLA — B

(-b) Forfull-face gasket,

'p
T= 06 |—

B(A + B)(C — B)
\'s

A - B

NOTE? The radial components of the membrane load in the sphe-
rical segment are assumed to be resisted by its flange. Within the
fange 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
SPL
6s

(2) Flange thickness for ring gaskets shall be calcu-
lated as follows:

(-a) For heads with round bolting holes,

3 1.875M,(C + B) D
T=Q+ SB(7C — $B)
where
PL[ C + B
= = =2 ]
Q 4s[7c - 53]

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

_ 1.875M,(C + B) 3)
T=Q+ \' SB(3C — SB)
where
Q = FE|EFB (4)

10

3ST3C — B
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B = factor determined from the applicable material
3) Flange thickness for full-face gaskets shall be chart in Section II, Part D, Subpart 3 for
g g
calculated ]r‘\y the Fn”r\un'ng nqnah'nh- maximum Ancign, metal fnmpnrafnrn [cnn (]’\)]
380(C — B) D, = outside diameter of furnace
T =Q + \/QZ + 3BQ(C = B) Q) = design length of plain furnace taken as the distance
L from center to center of weld attachment, in.;
The value of @ in eq. (5) is calculated by (2)(-a), eq. (2) design length of ring reinforced furnace s.ectlon,
) : taken as the greatest center-to-center distance
for round bolting holes or by (2)(-b), eq. (4) for bolting between any two adjacent stiffening rings; or
holes slotted th h the ed f the head. ’
oles sioe rough e ecee 0" the hea the distance from the center of the first stiffening
(4) The required flange thickness shall be T as calcu- ring to the center of the furnace weld-attachment
lated in (2) or (3) above, but in no case less than the value in gin case a flared-end assembly is used thej
of t calculated in (1) above. s ) ) ’
P distance shall be measured to the point of tangenc
(d) Heads of the Type Shown in Figure HG-309, Sketch between the flare and the furnacepand the ad'gacen};
(d). (No joint efficiency factor is required.) tiffen . J
(1) Head thickness _ Zésiegrrlllr[l)%'er;gfll‘e
_ SPL t = minimum requirediwall thickness of furnaces
6S

(2) Flange thickness

F+ F* + ]

T =
where
oo PBY4? — B
8S(A — B)
and
N =
SB\A — B

HG-312 CYLINDRICAL PARTS UNDER
EXTERNAL PRESSURE

HG-312.1 Plain Type Furnaces. Plainfarnaces that
are complete cylinders shall conform to, the following:

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

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

(c) Furnaces shallbe'rolled to a circle, with a maximum
deviation from~the true circle of not more than
Y, in. (6 mm)

(d) Theshickness of the furnace wall shall be deter-
mined by the use of the rules of HG-312.3. External pres-
sure charts for use in determining minimum requirements
are'given in 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-

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 Dg/t,

Step2. Enter SectionII, Part D, Subpart 3, Figure G atthe
valu€ 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 SectionII, 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
maximum allowable external working pressure P, using
the following equation:

B
D,/t

a

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.)

rial chart in Section II, Part D, Subpart 3

11
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Figure HG-312.4
Acceptable Type of Ring-Reinforced Furnace

] i ~ =7
i i H
Alternate end assemblies
Full penetration continuous

weld both sides of rings

L L

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 moreithan 13/ in.
(21 mm) and in no case thicker than 1%, tifnés 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 attaclhied to the furnace by a full
penetration weld as shown in Figure HG-312.4.

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

(f) the design temperature of the furnace shall be taken
as 500°F (260°C)

(g) the beiler design permits replacement of the
furnace. AMlared or welded OG-ring may be accepted
as meéting this requirement. (See Figure HG-312.4.)

(h)ythe thickness of the furnace wall or tube wall and
the'design of stiffening rings are determined by the 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

A = cross-sectional area of the stiffening ring;
in.2 (mm?)

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

P, D,, and t are as defined in HG-312.1.

HG-312.5 Procedure for Determining Moment of
Inertia of Stiffening Rings. Theanoment 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 afe,known, select a rectangular
member to be used\for a stiffening ring and determine
its area A; and~it§ 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 momentofinertia 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
Appendix C.)

HG-312.6 Corrugated Furnaces. The design pres-
sure of corrugated furnaces, such as the Leeds suspension
bulb, Morison, Fox, Purves, or Brown, having plain
portions at the ends not exceeding 9 in. (225 mm) in
length shall be computed as follows:

P = Ct/D

{7 shattapply:

(i) the required moment of inertia of a circumferential
stiffening ring shall not be less than determined by the
following formula:

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

(b) HG-312.1and HG-312.3 shall be used for calculating
the design pressure of the plain section; in applying the

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 not

less than 1% in. (41 mm) deep

mean diameter, in. (mm)

design pressure, psi (kPa)

thickness, in. (mm), not less than % in. (8 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 mean diameter.

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

(c) The thickness of a corrugated or\ribbed furnace
shall be ascertained by actual me@surement 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
more than 3/8 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 helg,'shall be in the center of the second
flat from thel bpiler front; for the Morison, Fox, and
other similarytypes, in the center of the top corrugation,
at least as far in as the fourth corrugation from the front
end ef\the furnace.

HG-312.7 Combination Type Furnaces.
Combination type furnaces for external pressure may
be constructed by combining a plain circular section
and a corrugated section provided

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

]nngfh inthe t‘nvf’ orLinthe Fnrmn]ac’ the ]nngfh usedshall

always be twice the actual length of the plain section; 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 sectioh shall
be determined from HG-312.6.

(d) the full penetration weld joining@-plain self-
supporting section to a corrugated, sélf-supporting
section shall be located 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-
circular and the unstayediportion does not exceed 120 deg
in arc shall conform to ‘the following.

(a) The thickness.0fthe semicircular furnace or crown
sheet shall be nét léss than % in. (8 mm).

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

(c) Sé€micircular portions of the furnace or crown sheet
shallbe'rolled to practically a true circle, with a maximum
de¥iation from the true circle of not more than Y,
in{ (6 mm).

(d) Theallowable 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.

(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/ ¢ in. (21 mm) and in no case thicker than 1Y, times the
wall section of the semicircular portion.

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

furnace at their point of connection.

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—>
|

—

_h
|
1=

(4) The ratio of height of the bar reinforcement to its
thickness H,/T, shall be not more than eight nor 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 flat plate in accordance
with HG-340.

(g) For unstayed firebox boiler wrappetrs or shells,
where the top portion is semicircular, therequired thick-
ness shall be in accordance with HG-30%. The maximum
distance between the tangent of the‘semicircular top and
the first stay in the flat side shall'be a maximum of p/2
+ 2 in. (50 mm) as shown inFigure 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-
dricalyspherical, or conical portions of boilers or in formed
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
twice the short dimension, the reinforcement across
the short dimension shall be increased as necessary to

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-half the 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. (1 000 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
to a generous radius to reduce stress concentrations.
Appropriate proof testing may be advisable in extreme
cases of large openings approaching full boiler diameter,
openings of unusual shape, etc.

. . . 1. . S e
pl UVIUcT dgdlubt CXLESSIVE UISLUTILIUIT dutc LU LVVlbLlug
moment.
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HG-320.3 Strength and Design of Finished
Openings.

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

(a) All references 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 in boiler
walls % in. (10 mm) thick and under

(d) No calculations need be made to demonstrate
compliance with HG-321 for single openings* not
covered in (c) when either the diameter of the.0pening
in the shell or header does not exceed that permitted
in the following equation or the calculated K value is
less than 50%.

(U.S. Customary Units)

d = 275 DEE — K)1/3
(51 Units)
=808 [Dt(1 — K)]'/3
where
D =<outer diameter of the shell, in. (mm)
d«=\'maximum allowable diameter of opening, in. (mm)
K= PD/2St
P = design pressure
S = maximum allowable stress value taken from

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

~
1l

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

HG-321.1 General. The rules in this subparagfaph
apply to all openings other than openings in asdefinite
pattern covered by HG-320.3(b), openings coveéred 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 provide@-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 shéll, the plane containing the axis
of the shell is the plane\of greatest loading due to pressure.

HG-321.2 Design for Internal Pressure. The total
cross-sectiopal area of reinforcement A4 required in any
given plange~for a boiler under internal pressure shall
be not dess than

A = dtF + 24F(1 - f))

where

the diameter in the given plane of the finished
opening (as depicted in Figure HG-326.1)
a correction factor that compensates for the varia-
tion in pressure stresses on different planes with
respect to the axis of a vessel. A value of 1.00
shall be used for all configurations except that
Figure HG-321 may be used for integrally rein-
forced openings in cylindrical shells.
the required thickness of a seamless shell or head
computed by the rules of the Code for the desig-
nated pressure except that

(a) when the opening and its reinforcement are
in a torispherical head and are entirely within the
spherical portion, ¢, is the thickness required for a
seamless hemispherical head of the same radius as
that of the spherical portion

(b) when the opening is in a cone, t, is the thick-
ness required for a seamless cone of diameter D
measured where the nozzle axis pierces the
inside wall of the cone

(c) when the opening and its reinforcement are
in an ellipsoidal head and are located entirely
within a circle the center of which coincides
with the center of the head and the diameter of

which ic agual +0 800, of thao chall diamatar ¢ _ic
WHHERS—eqHa—+0 —o—the-SsheH—alaneters

Threesignificant figuresshattbeemployed forthevari=
ables in the equation and in the resulting value of d.
Additional significant figures are permitted but not

15

t-is
the thickness required for a sphere of radius
K1D where D is the shell diameter and K; is
given by Table HG-321
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Figure HG-321
Chart for Determining Values of F

HG-323 FLANGED-IN OPENINGS IN FORMED
HEADS
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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-323.1 Reinforcement Requirements. Flanged-
in openings in torispherical, ellipsoidal, and hemispherical
heads shall be provided with reinforcement in accordance
with HG-321, except for heads that meet the requirements
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 be entirely within the
spherical portion of torispherical heads, and within a
circle the center of which coincides with the’center of
the head and the diameter of which eqtials 80% of the
shell diameter for ellipsoidal and hemispherical heads.
The center line of the opening shdll not be closer to
the above boundary circle than‘the diameter of the
opening.

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

(a) For flangéd-in openings that do not exceed
6in. (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
requived 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
6 in. (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 3t or (¢t + 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 " in. (17 mm).

HG-325 REINFORCEMENT REQUIRED FOR
OPENINGS IN FLAT HEADS

HG-325.1 General. The rules in this paragraph apply
to all openings other than small openings covered by
HG-320.3(c).

HG-325.2 Specific Requirements. Flat heads that
have an opening with a diameter that does not exceed

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).

16

one-half of the head diameter or shortest span, as
defined in HG-307, shall have a total cross-sectional



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

area of reinforcement not less than that given by the
formula:

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

A 0.5ar

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

(b) in HG-307.2(b), eq. (2), or HG-307.3(b), eq. (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 equa-
tions 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 opening within
which area metal must be located in order to have
value as reinforcement are designated as the limits of rex
inforcement for that plane.

HG-326.2 Limits of Reinforcement Parallel to
Boiler Shell. The limits of reinforcement, neasured
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 ofthe finished'epéning plus the thickness
of the boiler shell, plus the thickness of the nozzle wall

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

(a) 2%;times the nominal shell thickness

(b) 2% times the nozzle wall thickness, plus the thick-
ness.0f any added reinforcement, exclusive of weld metal
on the side of the shell under consideration

HG-326.4 Use of Excess Boiler Shell and Other
Thicknesses. Metal that may be included as contributing
to the area of reinforcement required by HG-321 shall lie
within the limits of reinforcement specified in HG-326.2

A, = areain excess thickness in the boiler shell available
for reinforcement
A, = areain excess thickness in the nozzle wall available

for reinforcement
D, = outside diameter of reinforcing element (actual
size of reinforcing element may excéed 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 opening (see H&X321.2 and Figure
HG-326.1)
1 when an opening is in\th€ solid plate or when the
opening passes thraugh a circumferential jointin a
shell or cone (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
strength reduction factor, not greater than 1.0 (see
HG-327.1)
$4/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)]
SnlSv
(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)

fr
fr
Jr2

Jr3
Jra

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

and HG-326.3 and shall be limited as set forth 1 (bJ, (cJ,
(d), and (e) below (see Figure HG-326.2).

17

required thickness of a seamless nozzle wall
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Figure HG-326.1

Some Representative Configurations Describing the Reinforcement Dimension, t., and the Finished
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(b) Metal in the Boiler Shell Over and Above the
Thickness Required to Resist Pressure. The area of the

boiler shell available as reinforcement that shall be

of the attachment joint on one side of the plane transverse
to the parallel sides of the opening that passes through the

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 ¢fthe
allowable stress values of the reinforcement and theboiler
shell material. No advantage may be taken of theinéreased
strength of reinforcement material having a Higher allow-
able stress value than the material of the boiler shell.
Deposited weld metal outside of eithek 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-tornozzle 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 thejplane defined in HG-326.1, the strength
of the attatChment joining the boiler shell and reinforce-
ment or@ny two parts of the attached reinforcement shall
be atleast 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
HG-326.4.

center of the semicircular end of the npnninrr
)

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 overlap, the two openings
(or similarly for any larger group of openings) shall be
provided with reinforcement in<accordance with
HG-321 with a combined reinforcement that has a
strength equal to the combined/trength of the reinforce-
ment that would be required forthe separate openings. No
portion of the cross section‘shall be considered as applying
to more than one openingot be evaluated more than once
in a combined area.

HG-328.2 Combined Reinforcement for Multiple
Openings. Whenh more than two adjacent openings are to
be provided with a combined reinforcement, the
minim@m distance between centers of any two of
these-openings shall preferably be at least 1/ times
their’average diameter, and the area of reinforcement
bétween 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-330 INSPECTION AND ACCESS OPENINGS

HG-330.1 General Inspection Openings.

ered for its entire length on each side of the plane of the
area of reinforcement defined in HG-326.1. For obround
openings, consideration shall also be given to the strength

19
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openings and handhole or washout plug openings to
permit inspection and removal of accumulated sediment.
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Figure HG-326.2
Nomenclature and Formulas for Reinforced Openings
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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
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(b) Electric boilers of a design employing a removable
cover that will permit access for inspection and cleaning

have an opening for inspection of the water space at the
rear of the combustion chamber.

and having an-internal aross volume (exclusivve of casing
]

and insulation) of not more than 5 ft* (0.14 m®) need not be
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 boiler.

HG-330.3 Size of Manholes and Gasket Surfaces.

(a) An elliptical manhole opening shall not be less than
12 in. x 16 in. (300 mm x 400 mm) in size.

(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 a manhole 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
render such openings inaccessible, shall have one hand-
hole or washout plug neareach corner in the lower part of
the waterleg and atdeast 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 toprow of tubes. This inspection opening
shall besayminimum of NPS 3 (DN 80) or a handhole
as specified in (f) below and used solely for inspection
purpaoses.

{b) Aboiler of the scotch type shall have a handhole or
washout plug in the front head below or on each side of the
furnace or on each side of the shell near the front head, a
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

lfr) Verticalfiretube orsimilar fypn boilers havihg gross.

internal volume (exclusive of casing and insulation) more
than 5 ft> (0.14 m?®) shall have at least three handholes or
washout plugs in the lower part of the waterlegand atleast
two handholes or washout plugs near the line of the lower
tubesheet. Such boilers having gross internal volumenot
over 5 ft* (0.14 m®) shall have at least two washout‘open-
ings in the lower part of the waterleg and at least one
washout opening near the line of the lowér tubesheet.
In addition, boilers designed for steam,service shall
have at least one inspection opening-above the lowest
permissible water level. This inspection opening shall
be a minimum of NPS 3 (DN 80),or athandhole as specified
in (f) below and used solely_forvinspection 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 IN(DN 25) for boilers having gross
internal volume not more than 5 ft3 (0.14 m®).

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

(f)’ 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-
size access to the furnace through the fire door opening.

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

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) shall also

21

uniform cross section that are symmetrically spaced,
shall be calculated by the following equations:
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Figure HG-340.1
Pitch of Staybolts Adjacent to Upper Corners of

-
rircud

le— p
/7

t
3
~ 4
r[Note (1)]

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.

t = pP/SC ¢))]
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 ¢ in. (11 mm) in thickness,
with ends riveted over

3.1 for stays screwed through plates andditted 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 screwéd-through plates, or
made a taper fit and havingthe heads formed on
the stays before installiig 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 than 0.4p and thickness not less than t

P = design\pressure

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

r = radius of firebox corner

S = maximum allowable stress value given in Section II,

Part D, Table 6A or Table 6B

(b) When two flat stayed surfaces intersect at an angle
as shown in Figure HG-340.1, the pitch from the staybolt
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-340.2
Acceptable Proportions for Ends of Through-Stays

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

R
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Not less than 1/2 tif
C=3.5 or less, and not
less than tif C= 4.0
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Figure HG-340.3
Examples of Acceptable Corner Welds for Pressures

(13 mm) beyond the point where the reduction in

section commences. Hollow staybolts may be used in
p]arn of solid cfayhn]fc with-drilled-ends.-Solid cfayhn]fc

AL ) S0 2
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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 to be designed
for water pressures above 30 psi (200 kPa), corner joints
shall comply with the requirements of HW-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 flange shall not be greater
than the pitch of the stays plus the inside radius of the
flange.

HG-340.6 Allowable Pitch of Stays. The allowable
pitch for stays as given in Table HG;:340 may be used in
place of the pitch calculated under HG-340.1 when the
allowable stress of the steelfis 11,000 psi (76 MPa) or
greater.

HG-341 STAYBOLTS

HG-341.1-Threaded Staybolts. The ends of
staybolts extending through the plate shall extend
beyond the'plate notless than two threads when installed,
after which they shall be riveted over or upset by an
equivalent process without excessive scoring of the
plate, or they may be fitted with threaded nuts
through which the staybolt shall extend. 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 telltale holes at least 3¢ in.
(5 mm) in diameter to a depth extending at least % in.

over 8 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 upsetfor: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-341,4Welded-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
the stay computed in accordance with HG-342.2,
HG-342.3, and HG-342.4 by the allowable stress value
for the material.

HG-342.2 Load Carried by Stays. The area
supported by a stay shall be computed on the basis of
the full pitch dimensions with a deduction for the area
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.

(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 1/2 in.
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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) 76 (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%, (110)  4'%4 (122) 5% (135) 5%, (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-342.5 Minimum Cross-Sectional Area. No
ferrous screwed stay, or ferrous stay welded in by the

0.7854 X 60

= 0.98 sectional area, in.2
48

A

fcion i Py £fvalding cball Loca o croc ackiarn-al
TOSTOTPToCeSS— O v TG g —STiaT Tav C—aCros5—StCtroar

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) Y, (13)
Over Y% (3), but not over % (5) % (16)
over %5 (5) ¥, (19)

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

Min. Staybolt
Diameter, in. (mm)

Copper-Nickel Plate Thickness,
in. (mm)

Not exceeding % (3) % (10)
Over % (3), but not over %5 (5) The (11)
Over ¥ (5) Y2 (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,
by the slant or diagonal length of thetstay; divide this
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:

D e
I
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)
I' = 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.?

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 1.15 times [ 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 underthe provisions of these rules.

(b) Forunflanged headsinboilers designed for notover
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 radialline from the inner surface of the shell to a
fully suppotted line does not exceed 1.25p. For unflanged
headsintboilers 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 supported line is a flanged or welded corner joint
or 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.

(d) For unflanged heads, the maximum distance
between the inner surface of the shell and the centers
of stays shall not be more than the allowable pitch as deter-
mined by HG-340, using the value of C given for the thick-
ness 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

L = 60 in, I = 48 in.; substituting and solving:
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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.

(g) When a portion of the head in a horizontal firetube
boiler is provided with a manhole opening, the flange of
which is formed from the solid plate and turned inward to
a depth of not less than three times the required thickness
of the head, measured from the outside or, when an
unflanged manhole ring meeting the requirements of
HG-321 is provided in a flat stayed head of a firetube
boiler, the area to be stayed may be reduced by
100 in.” (645 cm?) provided both the following requiré-
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 suppoffing flange for a
flanged-in manhole in a flanged-liead.

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

HG-346 TUBESHEETS WITH FIRETUBES USED
AS STAYS

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

aa

(2)

(3)

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 centers of
tubes in different rows, which lines may be hori-
zontal, vertical, or inclined

S = maximum allowable stress value given in 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 firetubes used 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 pitch for tubes within or on the perimeter of
a nest of tubes, which are spaced at less than twice
their average diameter.
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HG-346.4 Dimensions and Welding of Firetubes
Used as Stays.

(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 (7':“ mm)’ whichever is less

(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
method permitted in HG-360.2.

(c) Firetubes welded to the tubesheet and used as stays
shall meet the requirements of HW-713.

HG-350 LIGAMENTS

HG-350.1 General. The rules in this paragraph apply
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 corresponding openings in a series
of symmetrical groups of openings

p’ = diagonal pitch of adjacent openings

” = transverse pitch of adjacent openings

T S M
I

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

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

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

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

p—d
P

E €3]

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
efficiency of similarly spaced holes parallel to the shell
axis as calculated in accordance with the rutes in
HG-350.2.

HG-350.4 Holes Along a Diagonal. The ligament
efficiency shall be determined as follows.

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

(3

where F 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
placeyof HG-350.2(b), eq. (2).

HG-360 REQUIREMENTS FOR TUBE HOLES
AND TUBE ATTACHMENTS

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

Figure HG-350.1
Example of Tube Spacing With Pitch of Holes Equal

(23)

(b) For unequal pitch in definite repeating patterns (as in Every Row
in FiguressHG-350.2 and HG-350.3), the efficiency is given - - - - - - -
by thef la: $ S S S S S S
\%e 0:@ fb@ fb& fb@ ‘b@ fb@ fb@
g @ &g & E&EEEE
Py L S L L RS RS RS
A QAT QAR QA QY QY A\
(c) For openings that do not form a definite repeating
pattern, the efficiency shall be the value calculated as M D MDY MDD DD N
follows for the group of openings that gives the lowest N N N N N N
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

29
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Figure HG-350.2
Example of Tube Spacing With Pitch of Holes

(c) Where thermal cutting is used, the effect on the
mechanical and metallurgical properties of the base

metal shall be taken into consideration

tUnequat-inEvery-SecondRow

N N N N N
@é\ @@ é‘s @s @8 @$ @é\
A A 4
NN S X < O O
N\ h_,\v N\ Q,\V N\ ."L,\v ,\\V
5 o
MM MDY MDY MDY
AP ERNYANYERNYANYEANY AN/
JAAVAA NN AA VAL NN AA VAR NN AAWAR
AP ERNYANYERNYANYEANY AN/
12 in.
(305 mm)

Longitudinal Line ————>

(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-arc cut full size from the
solid plate or cut smaller in diameter 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
expanding shall be fabricated using one of the following
methods:

(1) 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
% in. (10 mm) and % in. (3 mm) smaller in diameter than
full size when the plate thicknes$-is % in. (10 mm) or less.
Tube holes shall then be drilled, shaved, reamed, or
finished full size with retating cutters.

(3) laser, thermalior plasma-arc cut in solid plate
sufficiently smaller in“diameter than full size, such that
subsequent machining to full size shall completely
remove all nietal whose mechanical and metallurgical
properties_have been affected as a result of the cutting
process.\Fube 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,

(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
shall notremove more than 0.020 in. (0.5 mm) at one time.

(2) When the plate thickness is ¥ in. (10 mm) orleSs,
the incremental material removal shall not éxceed a
maximum of 0.060 in. (1.5 mm). The final finishing
step shall not remove more than 0.020 in.\(0.5 mm) at
one time.

(e) Thebase metal preparation shall leave the tube hole
with a smooth surface free from déep/notches, striations,
or irregularities.

(f) Tube holes may be countérbored 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 €0 permit a proper amount of flare of
the tube end.

(g9) The sutface for welding shall be free of all scale,
rust, oil,. grease, or other foreign material.

(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
Y in. (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
%4 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

shaved, reamed, or finished full size with rotating cutters.
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tubesteet does ot exceed /g 1. (8 Tm)—The dtameter
of the tube hole in any case shall not be more than Yoo in.
(0.8 mm) greater than the outside diameter of the tube.
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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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HG-360.3 Attachment of Watertubes.

(a) Watertubes\may be attached by expanding,
expanding and-{laring, expanding and beading, expanding
and welding, welding, or brazing. Watertubes attached by
expandingiand welding or welding shall comply with
HW-713>Watertubes attached by brazing shall comply
with \Sibpart 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

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 helésmay 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 shall be 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 conditions. Material selections shall be limited
to those shown in Table HG-360.

Table HG-360
Permitted O-Ring Materials

Temperature Limit,

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,
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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)
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Table HG-370
Minimum Thickness of Material for Threaded

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

0o ° (T

€onnections-to Boiters

Minimum Thickness of
Material Required,

Size of Pipe Connection,

DN in. (mm) in. (mm)
Under %, (20) Y (6)
%, to 1 (20 to 25), incl. %6 (8)
1Y, to 2% (32 to 65), incl. The (11)
3 to 3% (80 to under 100), incl. %% (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)

(5) The O-ring shall be located or shielded in a
manner determined by the boiler Manufacturer to
preclude the O-ring from being exposed to temperatures
higher than the maximum temperature listed in
Table HG-360.

(6) The headers shall be held together by stays
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.

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 tlie
minimum thickness shall be sufficient to permit at
least four full threads to be engaged.

HG-370.2 Flanged Connections.

(a) Itis recommended that dimensiehal 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,injaccordance 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
conné&etions shall be in accordance with HW-730 and
HW-731. Brazed connections shall be in accordance
with HB-1300 through HB-1307.
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ARTICLE 4
PRESSURE-RELIEVING DEVICES

DELETED

(23)
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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.

(b) The installer or Manufacturer 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
véliefvalves 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

(b) The pressure relief valve shall be of the spting-
loaded safety valve type adjusted and sealed to discharge
ata 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 fiel-burning equipment
installed and operated at maxintin capacity, the pressure
cannot rise more than 5 psi (35 kPa) above the MAWP.

(d) Pressure relief valves shall have a controlled blow-
down of 2 psi to 4 psi (15 kPa to 30 kPa).

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

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

(9) 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.

(i) 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. Each pressure relief valve
shall be marked either with the Certification Mark and HV
Designator in accordance with Section XIII or with the
Certification Mark and V Designator in accordance

(23)

Section I.
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WIth Section 1.
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(b) Each pressure relief valve shall be of the spring-

loaded safety relief valve type and set to relieve at or
below the MAWDP of the bgiler

(3) The pressure relief valves shall be of sufficient
rated capacity to prevent the heat exchanger pressure

(c) 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.

(d) Nopressure reliefvalve shall be smaller than NPS %,
(DN 20) norlarger 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).

(e) The required steam-relieving capacity, in pounds
per hour (kilograms per hour), of the pressure-relieving
device or devices on a boiler shall be determined 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 (c) shall be met.

(f) 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 shall be in accordance with (c). The additional valves
required due to changed conditions may be installed on
the outlet piping provided there is no intervening valve:

(g) Hot water heating or supply boilers limited to~a
water temperature not in excess of 210°F (99°CYnay
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 Certifieation Mark
and HV Designator in accordance with Séction 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.

(1) When a het\water supply is heated indirectly by
steam in a coil.or _pipe within the service limitations set
forth in HG-101,the pressure of the steam shall not exceed
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 Designator in accordance with
Séction 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
notexceed 3 psi (20 kPa) for pressures up to and including

fromrisingmorethan109% above the maximum-allowable
£ &

working pressure of the vessel.

(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 cigculated
through the coils or tubes of a heat exchanger(to"warm
water for space heating or hot water supply, within
the service limitations set forth in HG-101, the heat
exchanger shall be equipped with one-or more pressure
reliefvalves marked either with the-€ertification Markand
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 setto 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
ratediedpacity to prevent the heat exchanger pressure
fromrising more than 10% above the maximum allowable
working pressure of the vessel.

(4) Nopressurereliefvalve 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
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).

(4) Nopressurereliefvalve for asteam boiler shall be
smaller than NPS % (DN 15) nor larger than NPS 4 (DN
100).

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

60 psig (400 kPa) and 5% for set pressures above 60 psig
(400 kPa).
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HG-402A.4 Pressure Relief Valves for Potable
Water Heaters. See HLW-800.

(b) The waterwall heating surface and other equivalent
surface within the furnace shall be measured as the

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.

The heating surface shall be computed as follows:

(a) The boiler heating surface and other equivalent
surface outside the furnace shall be measured circumfer-
entially plus any extended surface.

proiectedtube areafdiameter x leneth) nlus anvextended
r J \Y o Jr J

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 calculated.

(c) Thetotal heating surface is the sum of the boilet and
waterwall heating surfaces.

36
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ARTICLE 5
TESTS, INSPECTION, AND MARKING

HG-500 PROOF TESTS TO ESTABLISH DESIGN
PRESSURE

HG-501 General

(a) Thedesign pressure for pressure parts of boilers for
which the strength cannot be computed with a satisfactory
assurance of accuracy shall be established in accordance
with the requirements of this paragraph, using one of the
test procedures applicable to the type ofloading 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.

(23)

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. (2a) of (d)(2)(-a) or eq. (2b) of (d)(2)(-b)
is used, the material in the pressure part shall have had no

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) forahy acceptable material listed in Section II,
Part D, Table' 6A, Table 6B, Table 6C, or Table 6D

P = 04H (2b)

where

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

apprnr‘iah]n cold ulnrl!ing 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

(23)

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

BN
I
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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 II,
Part D, Table 6A, Table 6B, Table 6C, or Table 6D

0.5H<#
S+ 34500

(2b)

p 0.4H

where

hydrostatic test pressure at which the test was
stopped

specified minimum tensile strength

actual average yield strength from test specimens
specified minimum yield strength

(c) When eq. (2a) of (b)(2)(-a) or eq. (2b) of (b)(2)¢*b)
is used, the material in the pressure part shall hayé’had no
appreciable cold working or other treatment ‘that would
tend to raise the yield strength above the-fiormal.

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

(i) The pneumatic test method shall be immersed
visual inspection.

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) Nitrogen or clean, dry, oil-free air shall‘berused.

(d) Theboiler shallbe visually inspected fofevidence of
damage before pressurization.

(e) The boiler should be tested in such a manner as to
ensure personnel safety from a releasef the total internal
energy of the vessel. Section IV does not address all
possible safety considerationsvassociated with use of
the pneumatic test. It is"the responsibility of the
Manufacturer to establish appropriate safety and
health practices and o determine the applicability of
any regulatory regllirements or limitations before the
application of the pneumatic test.

(f) The required test pressure shall be greater of 38
psi (262 kPRa) or 1.1 times the MAWP.

(g) Overpressure relief protection shall be provided.
The Set/pressure of a pressure relief valve should not
bémore than the greater of

(1) the test pressure plus 10 psi (70 kPa)
(2) 110% of the test pressure

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

(i) The Manufacturer’s Data Report Forms shall state in

(1) The boilershall be nvfnrnﬂ"y cleaned-to prnvnhf

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 a minimum of 6 in. (150 mrh)
below the surface of the water, and the water shall
have a minimum temperature of 60°F (16°C).

(3) Before the holding period, the immersed boiler
shall berotated aminimum of 180 deg aroundajateral axis
to release any trapped air.

(4) After the holding period, the-pressure may be
reduced to the MAWP, but{not less than
38 psi (262 kPa), and maintained at this pressure
while a thorough visual inspégetion for leakage is made
with the boiler submerged i 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 detéction 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

HG-515.1 General. The inspection and testing of
boilers to be marked with the Certification Mark with
H designator shall conform to the general requirements
for inspection and testing in the following paragraphs and,
in addition, to the specific requirements for inspection and
tests given in Parts HF 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 contral, the detailed examination and the

(23)

Tite Remarks Section, Peumatic test performed i {ieu of
standard hydrostatic test as prescribed in HG-510.”

41

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
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be limited to, providing or making available for review the
following:

(m) affixing the required marking and/or nameplate to
the boiler and making certain it is affixed to the proper

(nj) 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 Manufacturer’s 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 Contrel
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) evidence of qualification of all welders, welding
operators, or 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)

(j) records of examihation of parts prior to joining to
make certain that-they have been properly fitted for
welding or brazing and that the surfaces to be joined
have beenleaned and the alignment tolerances are main-
tained (see.Subpart HW, Article 8; Subpart HB, Article 14;
and F:202.7)

(k)) records of examination of parts 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)

boiler (cnn ”P-':Qn)

(n) completing the required Manufacturer’s Data
Report Form and having it certified by the Inspector
(see HG-520) for boilers and boiler parts constructed
of wrought materials

(o) completing the required Manufacturer’s Master.
Data Report Form and having it certified by the
Certified Individual meeting the current requirenients
of ASME QAI-1 (see HC-502.12 or HA-502.42; for
boilers constructed of cast iron or cast aluminum, see
HC-403 or HA-404)

(p) retention of Manufacturer’s Data Reports [see
HG-520.1(b), HC-403, HC-502210/ HA-404, and
HA-502.10]

(q) the Certificates of Conformance for cast iron boiler
sections (see HC-520) and cast-aluminum boiler sections
(see HA-504)

HG-515.3 Inspection by an Authorized
Inspector.

(a) Exceptfor cast iron boilers, cast aluminum boilers,
or pressiire relief valves, the inspection required by this
Sectionshall 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
been qualified (see HW-910)

(5) checking to see that all welders and welding
operators have been qualified (see HW-911)

(23)

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

42

(6] checking to see that all brazing procedures have
been qualified (see HB-1501)
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(7) checking to see that all brazer and brazer opera-
tors have been qualified (see HB-1502)

applied shall complete a Manufacturer’s Data Report Form
for each boiler he produces, except that an individual

(23)

(8) checkinagtoseethatthe bropericintfactorisused
=7 O r r J

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 the marking and/or nameplate is
correct and has been applied 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 constructien
and after completion and, at the option of the Authofized
Inspector, at such other stages of the work as he may.desig-
nate. For specific requirements, see the applicable parts of
this Section. Each Manufacturer or assemblet’is required
to arrange for the services of Authorized Inspectors (see
HG-515.2) to perform such inspections.an all of this work
within the scope of this Section, whethet performed in the
shop or in the field.

(b) When mass production ofiboilers or HLW-marked
vessels makes it impracticabte for the Inspector to person-
ally perform each of his réquired duties, the Manufacturer,
in collaboration with the Inspector, shall prepare an
inspection and quality control procedure setting forth,
in complete detdil, the method by which the requirements
of this Section.shall be maintained (for summaries of the
responsibilities of the Manufacturer and the duties of the
Inspector/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.

HG-520 Manufacturer’s Data Reports

Manufacturer's Data annrf Eorm may be used - to

include the serial numbers in uninterrupted sequence
of identical boilers completed, inspected, and marked
in a continuous 8-hr period. Form H-2 or Form H-3
shall be used.

A Manufacturer’s Master Data Report Form shallbe
created when a completed boiler or an unintertupted
sequence of identical boilers completed, inspected, and
marked in a continuous 8-hr period a§-defined in
HG-530.1 has more than one associated Manufacturer’s
Data Report. The Manufacturer’s Master Data Report
Form shall be used to summayrize all applicable
Manufacturer’s Data Reports, Partial Data Reports, and
Supplementary Sheets for_the/items comprising the
completed boiler or completed sequence of boilers as
defined in HG-530.1~The “YES” box next to
“Manufacturer’s Master Data Report” shall be checked
to create the Manufacturer’s Master Data Report Form.
Form H-2 or Form/H-3 shall be used.

(a) The bojler Manufacturer shall have the responsi-
bility of furfiishing a copy of the Manufacturer’s Master
Data Report or Manufacturer’s Data Report at the
place-of installation to the inspection agency, the
purchaser, and the state, municipal, or provincial
authority.

(b) The Manufacturer shall either keep a copy of the
Manufacturer’s Master Data Report or Manufacturer’s
Data Report on file for at least 5 years, or the boiler
may be registered and the original Manufacturer’s
Master Data Report or Manufacturer’s Data Report
filed with the National Board of Boiler and Pressure
Vessel Inspectors, 1055 Crupper Avenue, Columbus,
Ohio 43229.

HG-520.2 Manufacturer’s Partial Data Reports.

(a) 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 completed
by the parts manufacturer and shall be forwarded in dupli-
cate to the manufacturer of the finished boiler.

(b) Manufacturer’s Partial Data Report Forms,
Form H-4, shall be completed for all parts that require
inspection under this Code that are fabricated by a manu-
facturer other than the manufacturer of the completed
boiler. These Manufacturer’s 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

HG-520.1 Manufacturer’s Master Data Report.
Each manufacturer of heating boilers of wrought materials
to which the Certification Mark with H designator is to be
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OWT Certifitate of AUThoriZation, may (ransfer parts {rom
one of their locations to another without Manufacturer’s
Partial Data Reports, provided the Quality Control System
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Figure HG-530.1
Official Certification Mark to Denote the American

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

NOTE: The year built may be incorporated into the serial number

—Societyof Mechanicat Engineers*-Standard

(23)

describes the method of identification, transfer, and
receipt of the parts.

HG-520.3 Manufacturer’s Data Report
Supplementary Sheet. The Manufacturer’s Data
Report Supplementary Sheet, Form H-6, shall be used
to record additional data where space was insufficient
on a Manufacturer’s Data Report Form. This
Manufacturer’s Data Report Supplementary Sheet shall
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.

HG-520.4 Multipage Manufacturer’s Data
Reports. Requirements for completing multiple pages
of Manufacturer’s Data Report Forms are shown in
Mandatory Appendix 4.

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 whoiis'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+¥ 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/“€Eertified 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) heating surface, as determined according to
HG-403A (or power input for electric boilers)

ra P £l 1 1o £l
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(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 coating that obscures the marking shall be allowegd:
For processes other than direct stamping, the following
additional 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‘ef)displaces mate-
rial, controls shall be established go’that the characters
shall be at least 0.004 in. (0.L0“mm) deep.

(3) For processes that do-not remove or displace
material (e.g., etching, laser annealing), the surface condi-
tion shall be clean, unceated, and unpainted.

(4) Laser annealingshall be allowed only on stainless
steel and aluminum.

(c) Ttems (a)(il).through (a)(7) listed in (a) above, with
the markings,arranged substantially as shown in Figure
HG-530.2.0orFigure HG-530.3, shall be marked with letters
atleast&4gin. (8 mm) high [except as permitted in (f)] and
in some conspicuous place on the boiler proper or on 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 Boilers: on the front
head above the central rows of tubes or flues.

(2) Locomotive Firebox, Compact, or Vertical Firetube
Type Boilers: over or near the fire door or handhole or
washout plug opening on the front 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 or near the fire door or handhole or
washout plug opening on the front end or side. Each
section shall carry identifying markings.

(5) Scotch Type Boilers: on either side of the shell
near the normal water level line adjacent to 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, smaller letter dimensions may be
used, provided

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

above—and
oacs e

(5) manufacturer’s serial number
(6) year built
(7) maximum water temperature

44

aa—

(2) character size shall be no smaller than
% in. (4 mm)
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Figure HG-530.2
Steam and Water Boilers Form of Marking on

(Not Applicable for Boilers Constructed Primarily
of Cast Iron)

Certified by

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

Kilowatt power input for electric boilers.

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

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

()
3

4

(g) The required markings on the boiler proper shall
not be covered with insulating or other material unless at
least one of the following conditions is met:

(1) The required markings .are“duplicated and
marked directly on the boiler casing\ih some conspicuous
place using letters and numeral§ at least % in. (8 mm)
high.

(2) Anopening witharemovable coverisprovided in
the jacket or other formof casing so that, when removed,
the required markings or nameplate on the boiler proper
can be viewed.

(3) Theequired markings are duplicated and
marked oma nonferrous nameplate at least 3in. x 4
in. (75 Mm% 100 mm) size with letters at least % in.
(3 mm))high. The nameplate is permanently attached
to.thecasing in some conspicuous place by mechanical
meéans or by an adhesive system meeting the require-
ments of Mandatory Appendix 3.

(h) The Certification Mark may be preapplied to a
nameplate. The nameplate may be attached to the
boiler after the final fabrication and examination sequence
butbefore the hydrostatictest, provided the procedure for

Figure HG-530.3
Boilers Suitable for Water Only

Their
Nameplates
(Not Applicable for Boilers Constructed Primarily
of Cast Iron)

Certified by

(Name of Manufacturet)

MAWP, Water

H Maximum Water Temp.

"Heating surface boiler
2Heating surface water wall

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

GENERAL NOTE:~Atceptable 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).

(i) The Certification Mark shall not be used by an orga-
nization to which it was not issued.

HG-530.2 Marking Requirements for Castironor (23)
Cast Aluminum Boilers.
(a) All cast iron boiler parts or sections to which the
Certification MarKk 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 sections, shall be cast or etched
with the 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:
(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

0

sequence of marking is described in the manufacturer’s
accepted quality control system.

45

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.
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Figure HG-530.4
Steam and Water Boilers

(b) All cast aluminum boiler parts or sections to which
the Certification Mark is to be applied shall be built

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).

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:

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)

(3)
(Pattern number)

(4)
(Casting date)

nr‘r‘nrﬂing to the rules of this Section l‘\y a

Manufacturer® who is in possession of a Certification
Mark and a valid Certificate of Authorization. Each
boiler section, including end and intermediate cored
sections, shall be cast, stamped, or etched with the
Certification Mark shown in Figure HG-530.1 with the
H designator and with the following data cast in letteks
or numerals at least % in. (8 mm) high:

(1) the boiler or parts Manufacturer’s® nameor 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“Cért. by” shall not
be used on nameplates)®

(2) maximum allowable workihg pressure® °

(3) pattern number

(4) casting date

(5) the material specification identification number
and grade or an abbreviation traceable to the material
certification® *°

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
permanentlyattached %, in. (0.2 mm) thick nonferrous
nameplateuising 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 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, 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, the 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

GENERAL NOTE: For (1) through (4), refer to HG-530.2(a)(1)
through HG-530.2(a)(4).
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(2) the shop that installs the nameplate on a boiler,
previously assembled and hydrotested by another author-
ized Certificate Holder



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

Figure HG-530.6
Boilers Suitable for Water Only

(1) boiler model number
(2) number of sections

edonCast-Atuminum
Boiler Sections

Certified by

(1)
Name of Manufacturer

MAWP, Water
(3)
(Pattern number)
(4)
(Casting date)

(5)
(Material specification/grade)

(2)

GENERAL NOTE: For (1) through (4), refer to HG-530.2(b)(1)
through HG-530.2(b)(5).

(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.bedisted. The
following additional information shall\be-included for
each size listed:

Figure HG-530.7
Steam and Water Boilers
Form of Marking on Completed Cast Iron Boilers or
Their Nameplates

[3) iacket lenath
=77 o

(4) the statement: “To determine boiler size, count

the number of sections or measure the jacket length”
(g) Theprovisions of (c) above shall be met using one of
the following methods:

(1) stamping or etching the required markings.on a
nonferrousnameplateatleast3in.x4in.(75mm x 100.mm)
in size and ¥, in. (1.2 mm) thick using lettets 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, €xcept that when a
jacket or other form of casing s applied to a boiler, an
opening with a removable cover shall be provided for
viewing the required marKings.

(2) stamping or ete¢hing the required markings
directly into the hoiler-jacket in some conspicuous
place using letters and numerals at least
6 in. (8 mm) higHh.

(3) stamping or etching the required markings on a
nonferrousslameplateatleast3in.x4in.(75mmx 100 mm)
in size USing letters and numerals at least % in. (3 mm)
highand permanently attaching the nameplate to the
casing in some conspicuous place by mechanical means
or by an adhesive system.

(4) marking the required markings 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 following pertain to the above methods
where applicable:

Figure HG-530.8
Boilers Suitable for Water Only
Form of Marking on Completed Cast Iron or Cast
Aluminum Boilers or Their Nameplates

Certified by

Name of Shop Assembler

MAWP, Steam
MAWP, Water

Maximum Water Temp.

Certified by

Name of Shop Assembler

MAWP, Water

Maximum Water Temp.

Minimum relief valve capacity

Minimum relief valve capacity

47



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

(-a) the nameplate and the adhesive system shall
meet the requirements of Mandatory Appendix 3. Other

(f) No partor accessory of a boiler may be marked with
the Certification Mark shown in Figure HG-530.1 unless so

(23)

data may be marked on the }'nrlznf or-the nnmnp]afn

provided the required markings are distinct and separate
from the other data. The marking “ASME” or “ASME stan-
dard” shall not be used.

(-b) the Certification Mark may be preapplied to a
nameplate.

(-c) the nameplate may be attached to the casing of
acastiron 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.

(-d) the Certification Mark shall not be used by an
organization to which it was not issued.

HG-530.3 Modular Boilers. Requirements for
marking modular boilers are given in Article 8.

HG-531 Marking of Parts and Accessories

(a) Parts and accessories of boilers for which
Manufacturer’s 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-530.1 with the H designator above the word
“Part” along 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 IV designator along with
the following:

(-a) the part manufacturer’s name
(-b) the part manufacturer’s serial number

(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.

(c) Each individual part or accessory shall be marked.

(d) Small parts [5-in. (125-mm) 0.D.and under] may be
marked with an identification-acceptable to the Inspector
(e.g., a bar code, etchingter paint stencil) and traceable to
the Manufacturer’s Partial Data Report in lieu of the mark-
ings described in (a)yand (b). Such marking shall be of a
type that will remain visible until the part is installed. The
Certification(Mark is not required.

(e) A nameplate furnished with the Certification Mark
on partsmay be removed during the completion of a boiler
if all~ot the following conditions are satisfied:

(1) The nameplate interferes with further fabrica-

cpnr‘iﬁ'nﬂ inthe Code-—The marlzingc “ASME” or “ASME

standard” shall not be used.

(g) Manufacturers and assemblers of parts or acces-
sories who do not perform or assume any design respon-
sibility for the parts or accessories they manufacture shall
identify on the Manufacturer’s 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. When a boiler manufactured'6f wrought material
is furnished by one manufacturer*and is not assembled
and subjected to a hydrostatic test prior to shipment,
the manufacturer of the boiler shall record on a
Manufacturer’s Data-Report Form, Form H-2 or Form
H-3, all items completed on the boiler.

HG-532.2 Campletion of Manufacturer’s Data
Report Form. The Manufacturer’s Data Report Form
shall be properly completed by the manufacturer and
the Authiorized Inspector, who shall sign the certificate
of shop inspection certifying that each enumerated
itém that has been inspected at the shop conforms to
the requirements of the ASME Code. The manufacturer
in signing each Manufacturer’s Data Report Form shall
state under his signature the expiration date on the
Certificate of Authorization to use the Certification Mark.

HG-532.3 Applying the Certification Mark and
Certifying Manufacturer’s Data Report Forms.
Proper marking as required by HG-530.1 shall be
applied at the shop, and the Manufacturer’s Data
Report Forms shall be signed by the same or different

Figure HG-531.1
Form of Marking on Part or Accessory —
H Designator

(Name of Manufacturer)

tion or service. H

(2) The Manufacturer of the completed boiler has
agreement from the Authorized Inspector to remove (Serial Number of Part)
the hn‘mnp]nfn

(3) The removal of the nameplate shall be noted in PART

the Remarks section of the Manufacturer’s Data Report.
(4) The removed nameplate shall be destroyed.
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Figure HG-531.2
Form of Marking on Part or Accessory —

name or an acceptable abbreviation, shall be applied in

the field on the boiler near the marking called for in
HG-530 1, when the accnmh]y is arr‘npfnﬂ }'\y the

(23)

(23)

DDT- I D aes Py
FRT TV UGIgiialul

(Name of Manufacturer)

PRT IV

(Serial Number of Part)

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
boiler that requires welding shall be made by one posses-
sing 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 Completion of Manufacturer’s Data
Report Forms. When the assembly is perfornied by
anyone other than the manufacturer of the boiler, the
Manufacturer’s Data Report Form shall-b& properly
filled in in accordance with HG-532 and\forwarded to
the assembler who shall be responsible for the proper
completion of the Manufacturer’s,'Data Report Form,
filling in such items as are not filled in at the manufac-
turer’s shop, and sign the Manufacturer’s Data Report
Form as the “assembler”’:gr)“assembling organization”
instead of as the “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 inspections as he believes
are needed to enable him to certify that the boiler has
been constructed in accordance with the Code.
Properly filled-in Manufacturer’s Data Report Forms,
together with the Inspector’s own inspection, shall consti-
tute his authority to sign the Certificate of Field Inspection.

Authorized 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-
cants shall show that the authorization t0’ use the
Certification Mark with H designator is-limited to the
field assembly of welded boilers construeted to Section
IV (see HG-540).

HG-533.6 Certificate of¢Field Inspection. The
Certificate of Field Inspectioh on the Manufacturer’s
Data Report Form shdll be completed by the
Authorized Inspector. Th& assembler or assembling orga-
nization 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
beenscompleted in the Manufacturer’s shop, field
assembly involving no welding does not need to be
performed by a Company possessing a heating boiler
Certificate of Authorization. However, 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 on the
Manufacturer’s Data Report Form by a representative
of the Manufacturer, after the required hydrostatic test
has been 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

(23)

HG-533.4 Application of Assembler’s
Certification Mark. The Assembler’s Certification
Mark with H designator, together with the assembler’s
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installer to follow when mechanically assembling the
boiler, including instructions for performing the
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hydrostatic test of the assembled boiler in HC-410.1 and
HC-410.2.

the purchaser of the part, are controlled and how the parts
are controlled when in the custody of the parts’

Manufacturer or Assembler

(23)

HG-540 Certification Marks

HG-540.1 Authorization. A Certificate of
Authorization to use the Certification Mark with H,
HLW, and/or PRT IV 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.

HG-540.2 Application for a Certificate of
Authorization. Any organization desiring a Certificate
of Authorization shall apply to ASME in accordance
with the certification process of ASME CA-1.
Authorization to use Certification Marks may be
granted, renewed, suspended, or withdrawn as specified
in 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,
examination (by the Manufacturer), inspectionrof
boilers, vessels, parts (by the Authorized Inspectof); pres-
sure testing, and certification will be met.

(a) The quality control system shall be ifrtaccordance
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 descrjbe.how the design documents, including speci-
fications,\drawings, and sketches that are received from

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 PRT IV designator, the
Manufacturer’s facilities and organization are subject
to a joint review by his Authorized Inspection Agency
and an ASME Designee who is selected by the ceneerned
legal jurisdiction, except that for Certification Mark'with H
designator (castiron) and Certification Mark'with H desig-
nator (cast aluminum), the review shallbe yearly by an
ASME Designee selected by ASME.

Certificates of Authorization will'\be endorsed to indi-
cate the scope of activity autherized.

HG-540.6 Authorization of Changes. Any changes
to be made in the quality.control system shall be made and
accepted in accordange with the requirements specified in
ASME CA-1. For Manufacturers of multiple duplicate pres-
sure vessels,'* ateeptance of these changes by the juris-
diction (if applicable) and an ASME Designee is also
required.

For those areas where there is no jurisdiction, that func-
tion shall'be performed by an ASME Designee selected by
ASME. Where a jurisdiction does not review a
Manufacturer’s facility, that function shall be performed
by an ASME Designee who is selected by the concerned
legal jurisdiction. Where the jurisdiction is the
Manufacturer’s Inspection Agency, the joint review and
joint report shall be made by the jurisdiction and an
ASME Designee.

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.

(23)
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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) Thelowest visible 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) In electric 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) Inelectricboilers 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.ef
the steam header, and the water connection shallbe
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 individual)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
réaches 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) Each automatically 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 DetweelT 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

(a) Thermometer shall have a minimum reading of
70°F (20°C) or less.

fh) Thermometer shall have 3 maximum Pnﬂrhnn at

fittings and-the side outlet or branch of the tee or Y shall
57

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-610 FOR HOT WATER HEATING OR HOT
WATER SUPPLY BOILERS

HG-611 Pressure or Altitude Gages

(a) Each hot water heating or hot water supply boiler
shall have a pressure or altitude gage connected to it or to
its flow connection in such a manner that it cannot be shut
off from the boiler 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
the pressure or altitude gage shall be graduated to notless
than 1% 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
all times. The gage shall have a backup power supply.

(2) The full scale range of the transducer must be a
minimum of 1% times the pressure atwhich the pressure
relief valve is set. It shall be accurate\to within +2% of full
scale.

(3) The transducer shallfhave 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 otherwise
required by the application.

(d) Piping or tubing for pressure- or altitude-gage
connectiohs“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 temperature sensor with display
so located and connected that it shall be easily readable.
The thermometer or sensor shall be so located that it shall

least equal to 320°F (160°C) but not more than 400 F
(205°C).

(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 (1602C). 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
supply at or below the marked maximum water tempera-
ture at the boiler outlet. This control shall be constructed
to prevent a temperature setting above the maximum.

(b) Each individual hot water heating or hot water
supply boiler shall have a control that will cut off the
fuel supply when the system water temperature
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) Asthere is no normal waterline to be maintained in
ahotwater boiler, any location of the low-water fuel cutoff

at all times indicate the temperature of the water in the
boiler at or near the outlet.
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(c) A coil-type boiler or a watertube boiler with heat
input greater than 400,000 Btu/hr (117 kW) requiring

(1) This system shall consist of the line, neutral, and
equipment ground conductors. The control panel frame

forced circulation-to prnvnnf nunrhnah'ng 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 follows. If the
means temporarily isolates the device from the boiler
during this testing, it shall automatically return to its
normal position. The connection may be so arranged
that the device cannot be shut off from the boiler
except by a cock placed at the device 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-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 on a water boiler are visible through an
opening or openings 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 ihstalled in accordance with
the provisions of the National Electric Code and/or should
comply with the applicable local electrical codes. All
boilers supplied withfactory mounted and wired controls,
heat generating apparatus, and other appurtenances nec-
essary for the operation of the boilers should be installed
in accordancewith 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 150V
orless. One of the two following systems may be employed
to provide the control circuit.

and-associated -control Pirrnif‘ry metallic enclosures

shall be electrically continuous and be bonded to the
equipment ground conductor.

(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.*?

(3) The line side of the control circuit shallbe
provided with a time delay fuse sized as smallas
practicable.

(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 isplation 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 2304 or 208 V or 440 V.

(2) Both Sides of the two-wire primary circuit shall
be fused. Thiehotleg on the load side of the isolation trans-
former shall be fused as small as practicable and in no case
fused-abeve 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 identification.
Consideration should also be given to the type and location
of the switch to safeguard against tampering. If the boiler
room door is on the building exterior the switch should be
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 burners
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 auxiliaries, only
the fuel input supply to the firebox need be shut off.

HG-640 CONTROLS AND HEAT GENERATING
APPARATUS

(a) 0il and gas-fired and electrically heated boilers

(a) Two-Wire Nominal 120 V System With Separate
Equipment Ground Conductor
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(b) The symbol of the certifying organization'* that has equipment and shall be considered as evidence that
investigated such equipment as having complied with a the unit was manufactured in accordance with that

nafir\na”y rnr‘ngnivnﬂ standard-shall be affixed to the 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) WhenaY-baseisused, thelinletareashall be notless
than the combined outlet areéas)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. [t§ /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 dischafge 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.

57

— . ] 1 b R
pl CVCIIU IT CCLIIIB UIIUCT TIUT'IIIdI UPCI dl,lllg CUITUILIUIILS.



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

‘suone(ie}

™~

Ve |an} J91eM MO
oaAleA doig
$]0J1U09
ainssaid
abeb weoslg

ulew weals

"98.1eydSIp 9A[eA Ja1[ad aanssald Jdadae] pue (Gz NQ) Ul T 10j papuUIWIW0IY

[A{ddns 191em a[qei0d.e w0y sI 92In0S J1ajem dnayew oY) usaym Ja[10q e uo Iajuasald moppoeq ajdourid ainssaad paonpal e Jo uone[eisul ay3 alnbal Aew sapod 3y

"S901A9p 9[qeIns J0 s[onuod Arejuswaiddns [[eisul 03 A1essaoau aq|

sur.1a1oq a[dnnu ur s[pAsTIa1ea Jadoad urejurew o3 Jap.ao uj “Apredoad s1erado [[Im wialsAs ay3 1ey) aansul sfem[e 10u Aew UONE[[BISULIS[I0q S[dI[NW B .10J UMOYS SUO[IISUUOD)

(1) :HLON

qumnig (q)
Aew 31

winyay (e)

‘SHLON TVHANHID

yuel 18A18981 Eo\i\

an|eA
uleip/snjea piousjos
: AA[BA )09
Inous yomolg A [BeA X294
uinay.sjbuig /r g A > . g
-7 N X QS
J ) JuB] J9AI9J8] W04
- ” juel \
uleip/anjea ETNEETN
(uotun ynum) 1919931 01 ' U\to“sO_m_ v_o:_m_om
Buidid abieyasip ; SA[BA YD3YD
aAjeA ya1ja1 ainssaid (lBuondo)
dewyuiealg
' aAlea dolg
}J01N0 |any b -7 ~
Jelem mo - =~ umous
onen suinjay ajdiinAl
sse|b abeb pue _ o104 aunssaud Y,
joJ1u09 dwnd -7 JINSY - ue
4 # Janl1aoal o]
N (uoiun yum)
$|0J1u02 d buidid s61eyosip
ainssald Y 9A|BA Ja)fa4.81nSS3ld J
/\ -~ ¥ (leuondo)
X | desy wealg
Ajddns abeb wears sse|b abeb pue g o
BunesH joJ3u0d dwnd }4oind

9A|BA
_-Jo184 aunssaid
g NSy T

wV

[(1) @10N]
Buidid
abueyosip
EINLY SETEY]
ainssald
aAIIBUIBYY

g
/\ -1 (zgoL-oH 993)

4
/

aAleA dolg

duqg

uonjeyeisu] buidid 91qeydasdy — uinjay padwind — K13j3eq ul sidjlog weals

(e)T°'€02-9H 2anbig4

58


https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

‘suornyeyrey

"a81eyosIp aA[ea Ja1aa aanssaad Jadre] pue (GZ NJ) ‘Ul T J0J POPUIWIWOIY

[A[ddns 193eMm 9[q€30d B WO ST 921n0S Jojem dnaseuwr ay} uaym Jo[loq e uo Iajuaadxd mopppeq ardourid aanssaxd paonpal e Jo uone[eisul ay3 aimbai Aew sapod Sul
'S301AP d[qeINS 10 S[o13u0d Arejuawa(ddns [[eisur 03 A1eSSadau aq
sur.19[10q a[dnnuw ur s[pA3] Jarem 1odo.ud urejurewr 03 1ap.o uj "Apradoad ayerado [[Im walsAs a3 ey} aInsur SAem[e J0u Aew UOB[[BISULIS[I0q S[dI3[NUI B 10] UMOYS SUO[}IUUOD

uinjal mc:mo_._/r

uleip/anjen
Homolg

aAleA Yo8Y)

umoys _ o aAleA doig

uinjay ajbuig

uleJp/onjeA

ACO_C—._ r_u._\sv Jomo|g

Buidid abieyosip
9A|BA Ja1]9J 94nsSsald

aAjeA )o8Y)

anlen doig

0INno [an
t;w«m\,_\, 2”.0._ - : oulpsiem o o
oM__M\w a|qIssiwiad suinjay ajdiyniy
sse|B abeb pue _ E:mmw_a B
uwin|od J8l1epn -7 JNSY

y uoI199UU0d
(uolun yum) doo| uiniay
$|0J1U00 M Buidid abieyosip
ainssald T aA|eA J8ifar aunssald
abeb wealg

sse|b abeb pue
joJluo0o dwnd yoino
|any 1a1em mo]

m»_m>
1918
_ ainssaud
JNSY

™~

Alddns
Buneay

anjeA doig Ve 4

[(1) ®10N]
‘spesy $]041U0D Buidid
uinjal [ B,
oL 9Insseld /\ -} (€'€0L-DH 995) m>_m_> ,hw__%
ujew wealg abeb wealg ainssaid
YT EN |V

%
anleA doig

uonejeisu] buidid 31qeidadasy — uinyay MAineln — L13jjeg ul sidjlog weadls
(9)1°€02-9H 1nb14

(1) *HLON

qunig (q)
Aew 1

uwinyoy (e)

‘SHLON TVHANHAD

59


https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

Figure HG-703.2

Hot Water Boilers in Battery — Acceptable Piping Installation
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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
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) The stop valves required by (a) may be eliminated
when the boiler can be drained without draining the
system. Means to allow draining the boiler without
emptying the system may include installation of the
boiler above the system or isolation of the boiler from
the system by equipment.

HG-710.3 For Multiple Boiler Installations. A

. 311
IS dvdlldUIC,
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stop valve shall be used in each supply and return
pipe connection of two or more boilers connected to a

(23)
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Table HG-715
Size of Bottom Blowoff Piping, Valves, and Cocks

piping, valves, 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

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.

common system. See Figures HG-703.1(a), HG-703.1(b),
and HG-703.2.

HG-710.4 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, threaded, or have
ends suitable for welding or brazing.

(d) Allvalves or cocks with stems or spindles shall have
adjustable-pressure-type packing glands or alternate
design to prevent leakage through the stenf and all
plug-type cocks shall be equipped with'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 hdve tight closure when
under boiler hydrostatic 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
connected to the’lowest water space practicable with a
minimum<ize 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.

(c) Drain Valve. Each steam, hot water heating, or hot
water supply boiler shall have one or more drain connec-
tions at the lowest practicable point on the boiler. A valve

water containing space, a separate drain connection is
not required.

(d) Minimum Pressure Rating. The minimum pressure
rating of valves and cocks used for blowoff or drain
purposes 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). The temperature rating of such valves
and cocks shall not be less than 250°F (120°C).

HG-720 Setting

Boilers of wrought materials of the‘wet-bottom type
having an external width of over 86.,in. (900 mm) shall
have not less than 12 in. (300’ mm) between the
bottom of the boiler and thé floorline, with access for
inspection. When the width“is 36 in. (900 mm) or less,
the distance between the bottom of the boiler and the
floorline shall be not less than 6 in. (150 mm), except
that, when any part of the wet bottom is not farther
from an outeréedge than 12 in. (300 mm), this distance
shall be notJJess than 4 in. (100 mm).

HG-725-Methods of Support

HG-725.1 Loadings.

(a) The design and attachment of lugs, hangers,
saddles, and other supports shall take into account the
stresses due to hydrostatic head in determining the
minimum thicknesses required. Additional stresses
imposed by effects other than working pressure or
static head, which increase the average stress by more
than 10% of the allowable working stress, shall also be
taken into account. These effects include the weight of
the component and its contents, and the method of
support.

(b) Inapplying the requirements of (a) above, localized
stresses due to concentrated support loads, temperature
changes, and restraint against dilation of the boiler due to
pressure shall be provided for. Lugs, hangers, brackets,
saddles, and pads shall conform satisfactorily to the
shape of the shell or surface to which they are attached
or are in contact.

HG-725.2 Boilers Over 72 in. (1800 mm) in
Diameter. A horizontal-return tubular boiler over 72
in. (1800 mm) in diameter shall be supported from
steel hangers by the outside-suspension type of setting,
independent of the furnace wall. The hangers shall be
so designed that the load is properly distributed.

or cock shall be fitted to these drain connections or to the
lowest point on piping connected to the boiler at these
drain connections. The minimum size of the drain

62

HG-725.3 Boilers Over54in. (1400 mm).upto72
in. (1800 mm) in Diameter. A horizontal-return
tubular boiler over 54 in. (1400 mm) and up to and
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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.

including 72 in. (1 800 mm) in diameter shall be supported
by the outside-suspension type of setting, or at four points
by not less than eight steel brackets set in pairs, the
brackets of each pair to be spaced not over 2 in. (50
mm) apart and the load to be equalized between them.
[see Figure HG-725(a).]

HG-725.4 Boilers up to 54 in. (1400 mm) in
Diameter. A horizontal-return tubular boiler up to
and including 54 in. (1400 mm) in diameter shall be
supported by the outside-suspension type of setting, or
by not less than two steel brackets on each side.

HG-725.5 Supporting Members. If the boiler{s
supported by structural steel work, the steel supperting
members shall be so located or insulated that.the heat
from the furnace cannot impair their strength.

HG-725.6 Lugs oriHangers. Lugs, hangers, or (23)
brackets made of materials in accordance with the
Code requirements‘may be attached by fusion welding
provided theyiare attached by fillet welds along the
entire peripheryor contact edges. Figure HG-725(b) illus-
trates an aC¢eptable design of hanger bracket. The bracket
plates shall be spaced at least 2% in. (64 mm) apart, but
this dimtension shall be increased if necessary to permit
access for the welding operation. The stresses computed
by dividing the total load on each lug, hanger, or bracket,
by the minimum cross-sectional area of the weld shall not
exceed 2800 psi (19 MPa). Whereitis impractical to attach
lugs, hangers, or brackets by welding, studs with not less
than 10 threads/in. (approx. 4 threads/cm) may be used.
In computing the shearing stresses, the root area at the
bottom of the thread shall be used. The shearing and
crushing stresses on studs shall not exceed 8% of the

Figure HG-725(b)
Welded Bracket Connection for Horizontal-Return Tubular Boiler

2y in: (64 mm) min.
A S N "™

Section B - B'

1

20 deg min.
%

20 deg max.

l

1
1
1
1
L
T
|
1

GENERAL NOTE: R = not less than 1% x diameter of hole; T = not less than 1% of the boiler diameter.
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strength given in Section II, Part D, Table 6A for bolting
materials.

between the bottom of the boiler and the floorline
shall be not less than 6 in. (150 mm), except when any

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

parf of the wet bottom-is not farther from the guter

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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(23)

ARTICLE 8
MODULAR BOILERS

HG-800 INSPECTION AND ACCESS OPENINGS

Modular boilers that are installed side by side, front to
back, or by stacking in accordance with the Manufacturer’s
recommendations shall have their inspection openings
located so that they are accessible.

HG-801 MARKING AND CERTIFICATION OF
MODULAR BOILERS AND USE OF
MANUFACTURER’S MODULAR
MASTER DATA REPORTS

Modular boilers shall be marked and certified using one
of the following methods:

(a) Multiple individual marked and certified boilers are
combined as follows:

(1) Individual boilers that are not constructed
primarily of cast iron or cast aluminum shall have
their own markings applied directly on the boilers pefr
the requirements of HG-530.1. Each individual koiler
shall have its own Manufacturer’s Master DatasReport
or Manufacturer’s Data Report per the requirements of
HG-520.1. Form H-2 or Form H-3 shall be used.

(2) Individual boilers constructed ptimarily of cast
iron or cast aluminum shall have their own markings
applied per the requirements of HG-530.2.

(3) The common supply and return headers are
exempt from Section IV requiréements.

(4) The Manufacturer’s Modular Master Data report
shall summarize specifiginformation for each boiler,
including the applicable Manufacturer’s Data Reports.
Form H-1 shall besused.

(b) Multiple individual unmarked modules are
combined and-certified as a complete modular boiler
as follows:

(D~ The assembled modular boiler shall have a single
nameplate per the requirements of HG-530 and a
Manufacturer’s Modular Master Data Report.

(2) Individual modules not constructed primarily of
cast iron or cast aluminum shall bear the manufacturer’s
name and be permanently identified using one of the
methods described in HG-530.1(b) in a manner traceable
to the modular boiler nameplate and Manufacturer’s

(3) The supply and return headetrs~shall be
constructed in accordance with Section IV and recorded
on the Manufacturer’s Data Report. Form H-2 or Form H-3
shall be used.

(4) The aggregate heating surface of all the modules
and the combined minimum pfesstre relief valve capacity
shall be marked on the nameplate.

(5) The Manufacturer’s Modular Master Data Report
shall summarize spetific-information for each module,
including the applicable Manufacturer’s Data Reports.
Form H-1 shall\be used.

HG-802 “‘INSTRUMENTS, FITTINGS, AND
CONTROLS

HG-802.1 Modular Steam Heating Boilers.

(a) Each individual boiler of a modular steam heating
boiler shall be equipped with

(1) a steam gage (see HG-602)

(2) a 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 [see
HG-605(b)]

(4) a 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
apressure setting above 15 psi (100 kPa) [see HG-605(a)].

(c) When the assembled steam heating boiler is certi-
fied as a single boiler in accordance with HG-801(b), the
boiler assembly shall be equipped with

(1) asteam gage, which may be located on the supply
header (see HG-602).

(2) a 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 [see
HG-605(b)].

(4) a low-water cutoff (see HG-606).

Master Data Report or Manutacturer’s Data Report per
the requirements of HG-520.1. Form H-2 or Form H-3
shall be used.
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(5) 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



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

of the boiler. The control shall be constructed to prevent a
pressure setting above 15 psi (100 kPa) [see HG-605(a)].

(b) The stop valves required by (a) may be eliminated
when the modular boiler can be drained without draining

the cycfnm Means-to-allow drainineg the modular beoiler

(23)

HG-802.2 Modular Hot Water Heating and Hot
Water Supply Boilers.

(a) Each individual boiler of a modular hot water
heating or hot water supply boiler shall be equipped with

(1) a pressure or altitude gage (see HG-611)

(2) a thermometer (see HG-612)

(3) a 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 [see HG-613(b)]

(b) The assembled modular hot water heating or hot
water supply boiler shall also be equipped with

(1) a safety limit control that will cut off the fuel
supply to prevent the water temperature from exceeding
the maximum allowable temperature at the boiler outlet.
The control shall be constructed to prevent a temperature
setting above the maximum. This control shall be located
within 3 ft (1 m) of the fitting connecting the last boiler to
the supply piping [see HG-613(a)].

(2) alow-water fuel cutoff (see HG-614).

(c) When the assembled hot water heating or hot water
supply boiler is certified as a single boiler in accordance
with HG-801(b), the boiler assembly shall be equipped
with

(1) apressure or altitude gage, which may be located
on the supply header (see HG-611).

(2) a thermometer, which may be located in the
supply header (see HG-612).

(3) a temperature control that will cut off ¢he fuel
supply when the temperature reaches an*gperating
limit, which shall be less than the maximim allowable
temperature [see HG-613(b)].

(4) a safety limit control that will cut off the fuel
supply to prevent the water temperature from exceeding
the maximum allowable temperature at the boiler outlet.
The control shall be constructedto prevent a temperature
setting above the maximum. This control shall be located
within 3 ft (1 m) of the fitting connecting the last module to
the supply piping [see/HG-613(a)].

(5) alow-water fuel cutoff (see HG-614).

HG-803 ANSTALLATION REQUIREMENTS

HG<803.1 Modular Boilers.

{a) The individual boiler modules shall be manifolded
together without intervening valves between modules
and shall be provided with a single set of stop valves
on the common supply and return headers.

without emptying the system may include locating the
modular boiler above the system or isolating the
modular boiler from the system by equipment.

(c) Flow control valves and circulating pumps may be
located in the return line of each boiler.

(d) Modular boilers that are installed side by side, froat
to back, or by stacking in accordance with(the
Manufacturer’s recommendations shall have théirname-
plate marking located to provide access for inspection in
the assembled position.

HG-803.2 Modular Steam Heating Boilers.

(a) Each individual boiler of-a-modular steam heating
boiler shall be equipped with

(1) a safety valve (see HG-701)

(2) a blowoff valve\[see HG-715(a)]

(3) a drain valve_Jsee HG-715(c)]

(b) The assembled modular steam heating boiler shall
also be equipped, with

(1) a féedwater connection [see HG-705(a)]

(2)_a-return pipe connection (see HG-703.2)

(c) When the assembled modular steam heating boiler
is certified asasingle boilerin accordance with HG-801(b),
it shall be equipped with

(1) one or more safety valves, which may be located
on the supply header (see HG-701)

(2) a blowoff valve [see HG-715(a)]

(3) oneormore drainvalves, which may belocated in
the return header or piping connected to the boiler
provided the arrangement of the modules is such as to
allow the drain valve or valves to drain the entire
modular boiler [see HG-715(c)]

(4) a feedwater connection [see HG-705(a)]

(5) a return pipe connection (see HG-703.2)

HG-803.3 Modular Hot Water Heating and Hot
Water Supply Boilers.

(a) Each boiler of a modular hot water heating or hot
water supply boiler shall be equipped with
(1) one or more safety relief valves (see HG-701)
(2) a drain valve [see HG-715(c)]
(b) The assembled modular hot water heating or hot
water supply boiler shall also be equipped with
(1) a makeup water connection [see HG-705(b)]
(2) aprovision for thermal expansion (see HG-709)
(c) When the assembled modular hot water heating or
hot water supply boiler is certified as a single boiler in
accordance with HG-801(b), it shall be equipped with
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located on the supply header (see HG-701)
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(2) oneormore drainvalves, which may belocated in allow the drain valve or valves to drain the entire
the return header or piping connected to the boiler modular boiler [see HG-715(c)]

prr\viﬂnr‘ the arrangement of the modules-is such as to (?} a mnlznnp water connection [cnn HP-7n':(h)]
5

(4) aprovision for thermal expansion (see HG-709)
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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.

68
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(23)

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 11, 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) as indicated in Section II, Part D, Tdble
6A, Note GO.

(2) The material shall be fully annealed.

(c) For pressure-retaining plate material,,a‘material
test report is required to verify that thechemical and
mechanical properties are within the permissible range
listed in Section II.

HF-202 RODS, BARS, AND-SHAPES

Rods, bars, and shapes nay be used in boiler construc-
tion for pressure parts stich as flange rings, stiffening
rings, braces, frames for reinforced openings, stays and
staybolts, and similar parts. Rods, bars, and shapes
used for pressure-parts shall conform to one of the speci-
fications inSection II and shall be limited to those listed in
Section [I;Rart D, Table 6A or Table 6B except as otherwise
provided-in HF-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

completed boiler, including inspection in_the shop of
the parts manufacturer and the furnishing of
Manufacturer’s Partial Data Reports except as permitted
in HF-203.1, HF-203.2, and HF-20333.

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 casingsof pumps thatare part of a boiler circu-
lating systemrthat are wholly formed by casting, forging, or
die forming’shall not require inspection, mill test reports
or Manufacturer’s Partial Data Reports. Standard pressure
parts.that comply with some ASME standard'® shall be
made of materials listed in the ASME Code-accepted stan-
dard covering the particular type of pressure part.
Standard pressure parts that comply with a
Manufacturer’s standard'® 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 markings as are required by the several stan-
dards. Such markings shall be considered as the manufac-
turer’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 part itself, the parts described
herein have been marked in any permanent or temporary
manner that will serve to identify the part with the manu-
facturer’s written listing of the particular items and such
listings are available 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

(23)

are furnished by other than the shop of the manufacturer
responsible for the completed boilers shall conform to all
applicable requirements of the Code as related to a
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HF-203.2 Cast, Forged, Rolled, or Die-Formed
Nonstandard Pressure Parts. Pressure parts such

(b) The maximum allowable stress value for the finned
tube shall be that given in Section II, Part D, Table 6A or

(23)

[EN) b}lc}}b, }lcddb, IClllUde}C CUVCI platcs, dlld lJll)C LUillb
that are attached to other wrought parts and that are
wholly formed by casting, forging, rolling, or die
forming may be supplied basically as materials. All
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 Manufacturer’s 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 ofthe manufacturer and with such other markings as
will serve to identify the materials of which the parts are
made. Such markings shall be considered as thes-manufac-
turer’s certification that the product complies with (a)(1).
A statement by the parts manufacturer\tihiat all 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 or welded 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 orTable 6B except as otherwise provided in
HF-203 and-fE-205 when used in the construction of pres-
sure-containing parts.

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 11, except that the pressure test is not required
for nonferrous tubes. These tubes may be used under

the fn"nvving conditions

Table 6B forthetube before finning nvr‘npf as pnrmiffnﬂ 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 fot the
temper or condition involved. The qualifying tensile‘tests
shall be made on specimens of finned tube from which the
fins have been removed by machining.

(d) The maximum allowable internaleréexternal design
pressure of the tube shall be based on either the minimum
wall thickness of the finned sectionvor of the unfinned
section, whichever is smaller.

(e) In addition to the tests\fequired 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 250 951 (1720 kPa) for 5 sec. The test
method used shall permit easy visual detection of any
leakage, suél’ as immersion of the tube under water or
a pressufe-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

(a) Thetubes after finning shall have atemper or condi-
tion that conforms to one of those provided in the
governing specifications.
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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]iFinﬂ in-accordance with.

(f). The WPS shall be requalified for any change as
described in the following variables:
(1) achange 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) achangeintheoptical 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 calorimetfic or
other suitable means
(f) Procedure qualification shall consist of metallo-
graphic examination at a magnification of 10x of three
cross-sections taken at locations separated by not less
than 3 ft (1 m) along the length of atube. The welds
shall be free of cracks, and penetration of the weld
into the tube wall shall not exceed 20% of the tube
wall thickness.
(g) Qualification of welding operators is not required.
(h) Production sanipling 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 of 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
conditions 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‘nrr" the material shall be cnhjnr‘fnr‘ 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..Fhe carbon
and manganese contents shall be determinedin all check
analyses. The Inspector shall decide, whether these
contents are acceptable when the pérmitted specification
does not specify carbon and manganese limits. When the
direction of rolling is not definitely known, two tension
specimens shall be takencat right angles to each other
from a corner of each plate, and two bend specimens
shall be taken from\the middle of adjacent sides of
each plate. One tension specimen and both bend speci-
mens shall meetthe)permitted specification requirements.

(b) Tubesand‘Pipe. Each length of tube or pipe shall be
subjected{te,'a chemical check analysis and sufficient
mechanieal tests to satisfy the Inspector that all the mate-
rial isidentified with a given heat or heat treatmentlotand
thatthe material complies with the chemical and mechan-
ical requirements 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 parti-

cular lot of material. A suitable report, clearly marked as
]'\ning 2 "annv‘f on-Tests of Nonidentified ]\/lafnri')]‘" 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

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 corro-
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 used in@sensi-
tized condition or with residual cold work. Conicentration
of corrosive agents (e.g., chlorides, causti¢ or reduced
sulfur species) can occur under deposits.formed on the
surface of these materials and can result in severe

gniﬂﬂnr‘n 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 or tita-
nium-stabilized grades should be considered.

(b) Proper consideration of fabrication methods.and
techniques to reduce residual stresses and Gites for
crevice corrosion. Cold working, grinding, bénding, and
high-heat input welding should be minimized. In the
design of the boiler, stagnant fluid regions should be
avoided, as should crevices. Weld jeints should be
designed to avoid integral backiup rings or back-up
bars that are left in place and(create a crevice.

(c) Control of boiler water'‘chemistry and avoidance of
other environmental sources of chlorides, such as chloride
containing insulation or‘swimming pool environments.

HF-210 MAINTAINING MATERIAL
IDENTIFICATION

(a) Material for pressure parts shall carry identifica-
tion 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.
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ARTICLE 3
DESIGN STRESSES AND MINIMUM THICKNESSES

HF-300 MAXIMUM ALLOWABLE STRESS
VALUES

Section 1], 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) Platesthat will 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
with thicknesses less than those permitted by (a) and b)
may be used when the following requirements are/met:

(1) The material thickness of plates thatwill be
exposed to primary furnace gases shall bé'not less
than %, in. (2.5 mm).

(2) The material thickness of secondary flue gas heat
exchanger surfaces shall be not lesstthan 0.0394 in.
(1 mm).

(d) The minimum thickness-of any tubesheet with
tubes installed by expanding shall be ¥, in. (6 mm).

HF-301.2 Nonferrous Plates.

(a) The minimunthickness of any nonferrous plate
under pressure (shall be %, in. (2.5 mm).

(b) The minimum thickness of any nonferrous tube-
sheet with tubes installed by expanding shall be %
in. (8 mm)!

HF-302 BASIS FOR ESTABLISHING'STRESS
VALUES INSECTIONII, PART D, TABLE
6A OR TABLE 6B

(a) In the determination of allowable stress values for
pressure parts, the Committee'is guided by successful
experience in service, insofar as 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 on successful applications of similar
materials,

(b)At any temperature below the creep range, the
allowable stresses are established at no higher than
the lowest 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.
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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

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 transition 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) 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)]:
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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,,

NI

ts orts

(a)

Not less than 1.25t;
but need not be greater than t,

i

I

K ts orts
Backing strip

may be used

~

— — 1ty
(d)
a

*>‘| r—min. tm |
\.

ts ortg

(b)

min. 2t

:

)

-

ts orty

Backing strip
may be used

ty

N N

(e-1).Unstayed Flat Head

—_— <—th

(f) [Note (1)1

Legend:
{x'= nominal furnace thickness
t;, = nominal head thickness
tm = lesser of ¢, t;, or tras applicable
t, = nominal shell thickness

GENERAL NOTES:

~

<—th

()

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) Mlustrations (a), (b), and (c) are permissible for boilers for pressures up to 30 psi (200 kPa).
(b) Ilustrations (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
of the cf‘ay in—contact-with-the shell-The prnr‘nrf of the

(d) the shell or wrapper sheet, where exposed to

primary furnace gases and not water cooled, shall not
extend l‘\nynnﬂ the outside face of the head or tubesheet

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 lessthan
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 tubwlar 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

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 Thah 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 to a head or tubesheet with a fillet weld as
shown in Figure HW-701.3, sketch¥(a) or (b), provided
(a) thefurnace, head, or tubesheet projections shall not
extend beyond the outsidé-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 excess material before welding
(b) the throat'ef'the full fillet weld is not less than 0.7
times the smialler of the following:
(1) the thickness of the furnace
(2)\the thickness of the head or tubesheet
(c)sthe 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
depth (if present) shall be no smaller than the tube thick-

nace Eaor tihac that oen ot avayant Loy caleplatione oo
¥ T tHo atafre—f o1

Figure HW-701.3, sketch (f)
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Table HW-713
Firetube Extension Through Tubesheets for Welded Construction

Tubes Exposed to Primary
Furnace Gases [Note (1)]

Tubes Not Exposed to Primary
Furnace Gases [Note (1)]

Tubesheet beveled or recessed
tubesheet

max. = type

Tubesheet not beveled or recessed

max. = greater of type OI 14 in. (6 mm)

min. = type [Note (2)]

min. = the tube shall extend at least through the min. = the tube shall extend at least through

the tubesheet

max. = greater of type O 7 in. (10 mm)

min. = type [Note (2)]
max. = greater of type O 3% in. (10 _ndrn)

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

Heads Attached to Shells

HW-715.1

2t, min., but not less than 1/, in. (13 mm)
for ellipsoidal heads

] —

Tangent
line

~=>— 2t, min. + 1/, in. (13 mm) for other heads

L—»— 3t, min. + 1, in. (13 mm) tn
but not less

than 1 in. (25 mm)

Fy . .
b %7}‘—'# 3t, min. + 1/2in.

(a) Single Fillet Weld

Bevel optional 2/, t max.
¢ R 1t min.
£ ‘ rf
z A 02%%)
o U,
Avoid sharp break

Depth of offset = t;
Pressure on this side

As desired _/ .
11/, t min.

tor ty =1/, in. (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 therules
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¢follows:

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 fdctor's: 87%% for combined end and side loading,
80% for(shear strength, and the applicable joint efficiency
factogs:

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:

3t, min., but need not exceed
2ts min. Tangent 11/, in. (38 mm)
S line —| ‘mi
1.3ts min. rts s min.
[ 7 ) |
¥ 7
a “ \ f
fh 1.3t, min.
(13 mm) Taper .
but not less optional 2t min.
than 1 in. (25 mm)
rh b

Details (c), (d), and (e)
are not permissible

hales 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-102, 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) Studsattached by stud welding shall notbe 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

Y in {6 mm) pineta

o 6-mm }-pipe-tapd
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

that mau ha tannad faor o nraling
........ ay-be-tappeetorapretin

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 groove weld or by two fillet
or partial penetration welds, one on each face of the boiler
wall. The minimum weld dimensions shall be as shown in
Figure HW-731, sketches (u) through (x).

(b) Flange-type fittings not exceeding NPS 3 (DN 80) as
shown in Figure HW-731, sketch (w-4), may be attached
without additional reinforcement other than that in the
fitting and its attachments, provided all of the following
conditions are met:

(1) The boiler wall thickness shall not exceed
%in. (10 mm).
(2) The minimum fillet leg shall be %, in. (2.5 mm).

welds deposited from one side only when the shell thick-
ness is over % in. (10 mm) or when complete joint pene-
tration cannot be verified by visual inspection. The two
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(3] The openingin the boiler wall shalliot exceed the
outside diameter of the nominal pipe plus %, in. (19 mm).
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Figure HW-731
Some Acceptable Types of Welds for Fittings, Nozzles, and Other Connections to Shells, Drums, and Headers

Backing strip if used may be removed after welding

(a) (b) (c)

——————,
— ~—>

(d) t; + t, = 11/,t min. (e-1) (e-2)
t, or t, not less than (f)
the smaller of 1/, in. (6 mm)
or 0.7t min.
t, = 0.7t min.
e s | >1/\
I 1 T T 1
Atc Atc ) | | i l P |
t]7 ‘
1
1/2tmin.
(k)
T — N
tn_» < tn—> le—
b ' >§ : > .
t, = 0.7t min.
Atc w Atc
| ‘]
Weld to pad
Weld to shell
1
_t ]
t,, = 0.7t min. ' > < t,, = 0.7t min.
w min ) w
n (m) (n)
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Figure HW-731
Some Acceptable Types of Welds for Fittings, Nozzles, and Other Connections to Shells, Drums, and

Headers—{Comnt'd)

t. j‘
\ TN
—pm e ) __ 2 / (_____ —’/
1, tmin.J “—11/, t min. 11/, t min—"
(0-1) (0-2) (p-1) (p-2)
*—11/, t min. 11/, tmin.—~" 1/, t min. 1, tmin./
(g-1) (9-2) (r-1) (r-2)
N
B %
1‘/4tmm 11/4tm|n 11/4tmin./
(s-1) (s-2) (t-1) (t-2)
E|ther method of attachment is satlsfactory 3in. (76 mm) %3z in.

NPS max. 3/gin. (10 mm) (2._5 mm)

g max EmmL leg
‘
E E t,, (not Iessthan ‘

the thickness of
schedule 160 pipe)

t1 or t, not Iess than the smaller of 1/, in. (6 mm) or 0.7t min.
(u-1) (u-2) (v-1)  (v-2) (w-1) (w-2) (w-3) (w-4)

t1 + t2- 11/4 t min.

{ 1/, t min.
N W ligin. AT
~ recess " not less than (2)
t,=0.7 tmin. 1/4in. (6 mm) t,
For nozzels or tubes recessed into thick
(x) boiler shells or headers [see HW-731.2 (b)]

when used for other than square, round or
oval headers, corners shall be rounded off.

| — Nozzle or tube connections ——/
[see HW-731.2(b) and HW-731.8]
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Figure HW-740
Three-Ply Joint Assemblies

HW-731.7 Fittings and Nozzles Not Exceeding
NPS 3 (DN 75).

Spot or seam

Edge seam

Three-Ply Assembly ¢
2

(a) Two Outer Embossed or Dimpled Plates
Welded to Inner Flat Plate

Seam welds

t

I B

|
1

Section A- A Section B -B

Three-Ply Assembly

(b) Two Outer Embossed Plates Welded
to Inner Edge Frame and Spacers

1in. (25 mm) to
11/4in. (32 mm)
Filler as

required for "— As required *" J

tension-test | i | |
X

grip \ i D
*,( %1 in. (25 mm)

v 1 to 17/,iy(32 mm)
(c) Spot-Welded Tension Specimen for
Three-Ply Joint

}<— As required—-{

1in. (25 mm)to
1/4 in. (32 mm)

-section on ¢
of seam weld

1 ina{25)mm) to i
13/,%n. (32 mm) [

P

|4
£ 1 51 [
|« T

‘k 1in. (26 mm)
to 11/, in. (32 mm)

(d) Seam-Welded Specimen for Tension
and Macro-section for Three-Ply Joint

(a) Fittings, nozzles, or equivalent bolting pads may be
attached to vessels having a wall thickness not greater
than % in. (10 mm) by a fillet weld deposited from
the outside only, having the minimum dimensions
shown in Figure HW-731, sketches (o) through (t).

(b) Fittings shown in Figure HW-731, sketches((u-2),
(v-2), (w-2), and (x), may be attached by welds that
are exempt from size requirements other than those speci-
fied in HW-730.1.

(c) Fittings may be attached by a groove‘and fillet weld
from the outside only as shown in Figure HW-731, sketch
(w-3). The groove weld t,, shall notbe less than the thick-
ness of Schedule 160 pipe (ASME B36.10). The external
fillet weld throat shall be notless than t..

(d) Fittings and nozzlesnot exceeding NPS 1% (DN 40)
as shown in Figure HW-731, sketches (t-1) and (t-2) may
be attached to vessels by a fillet weld deposited from the
outside only proyvidéd the following conditions are met:

(1) The~beiler wall thickness shall not exceed
% in. (10 aDmy).

(2)/ The fillet weld shall be a minimum of 0.7t instead
of 1%8xin shown in Figure HW-731, sketches (t-1) and
(t-2))but in no case less than %, in. (2.5 mm) leg.

HW-731.8 Watertube Attachments. Watertubes
not exceeding 3% in. (89 mm) 0.D. may be attached to
tubesheets with fillet welds deposited from the outside
only, having a minimum weld dimension as shown in
Figure HW-731, sketch (z) [see HG-360.3(d)].

HW-740 Resistance Welding in Carbon Steel for
Other Than Butt-Welded Joints

Resistance spot and seam welding may be used in the
construction of embossed or dimpled assemblies under
the following limitations and additional requirements:

(a) Materials used in the resistance welded parts are
SA-285 and SA-414 with the further limitation that the
carbon content is 0.15 maximum on heat analysis.

(b) Embossed or dimpled assemblies consist of either
two embossed plates welded together, or two dimpled
plates welded together, or an embossed or dimpled
plate welded to a flat plate as in Figure HW-745
sketch (a). A third, intermediate plate, frame, or series
of spacers, as illustrated in Figure HW-740, sketch (a)
or (c), may be used to form a three-ply assembly .

(c) The allowable working pressure for resistance
welded embossed or dimpled assemblies shall be the
lowest pressure established by the following:

(1) aprooftestin accordance with the requirements
of HG-500.
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(2) the computed value of the plain plate, if used in
resistance spot-welded construction. The plain plate, if

manship samples shall be recorded. Except for minor
variations and adjustments as may be permitted at the

ncnr" shall meet the rnqnirnmnnfc for braced and

stayed surfaces in HG-340.

(3) the computed value of the plain plate if used in
resistance seam-welded construction. The plain plate, if
used, shall meet the requirements of HG-307.3(a), eqs. (3
and (4), with z = 2.5 max,, ¢ = 0.2.

(d) In lieu of the Procedure and Performance
Qualification requirements of Section IX, the following re-
quirements shall be met for resistance spot-welded and
resistance seam-welded pressure vessels.

(1) Proof Test. A pressure proof test to destruction
shall be conducted on a finished vessel or representative
panel. The test shall be conducted as specified in HG-502.3.
If a representative panel is used, it shall be rectangular in
shape and at least 5 pitches in each direction, but not less
than 24 in. (600 mm) in either direction.

(2) Workmanship Samples

(-a) Three single spot-welded specimens, and/or
one seam-welded specimen, as shown in Figure HW-745
for two-ply joints, and in Figure HW-740 for three-ply
joints, shall be made immediately before and after the
welding of the proof test vessel. These test specimens
shall be representative of the manufacturing practice
employed in the fabrication of the proof test vessel.
When a difference in the amount of magnetic material
in the throat of the machine or the part geometry
precludes the welding of satisfactory test specimens at
the same machine settings as those used for the proef
test vessel, sufficient material shall be placed in the
throat of the welding machine to compensate forthe
difference in size of the proof test panel and_the small
test specimens.

(-b) The spot-welded specimens shallbe subjected
to tensile loading for ultimate strength’and visually
inspected for nugget size, electrode, indentation, and
evidence of defects. The seam-welded specimens shall
be similarly tested for ultimaté_strength and prepared
for macrographic examindtion to reveal nugget size,
spacing, penetration, soundness, and surface conditions.

(-c) In addition;-a“typical spot weld sample and
seam-welded sampleshall be cut from the proof test
vessel after failure/A portion of each sample shall be
sectioned for-macroetch examination.

(-d)-AlWpertinent information obtained from the
foregoing\tésts shall be recorded. These samples and
data constitute workmanship samples that shall be avail-
able for comparison with quality control specimens that
may be made during production.

(-e) With every change in production run of mate-
rial or gage, the machine setting control will be verified by
test samples.

discretion of the Authorized ]ncpnrfr\r' the app]irah]n

settings shall be used in the fabrication of all vessels
in a given production run.

(4) Pressure Tests and Inspection. All production
vessels shall be pressure tested to a pressure not less
than 1.5 times the allowable working pressure. These
tests and inspection during fabrication shall be in accor-
dance with HG-510.

(5) Records.Records shall be kept of all data©btained
from tests of the proof test vessel, the wgrkmanship
samples, the welding machine settings, thewelding proce-
dure, and process control parameters~Récords shall be
kept of all preheat, postheat, and heat-tteatment proce-
dures and of inspection procedures.

(6) If spot- and seam-welding machines other than
those used for the initial prooftest vessel and workman-
ship samples are to be used in"production, each additional
machine and welding procedure shall be qualified in full
accordance with (d),\The performance of the additional
proof test vess€ls shall substantiate the allowable
working pressure previously established for the specific
boiler design’

(7)~Eapijoints only, between two thicknesses of metal
sheet;may be resistance spot or seam welded. The use of
projection welding (including resistance stud welding) is
excluded.

(8) The range of thickness of sheet materials that
may be resistance spot or seam welded under this
case shall be as follows:

(-a) Two-Ply Joints [See Figure HW-745, Sketch (a)]

(-1) The minimum thickness t; or t; shall be
0.045 in. (1.14 mm).

(-2) The maximum thickness t; or t, shall be
Y, in. (6 mm) nominal.

(-b) Three-Ply Joints [See Figure HW-740, Sketches

(@) and (b)]

(-1) Thetwo outer layers t; and t; shall be equal
in thickness.

(-2) Theinner layer t3 shall be atleastas thick as
t; or ty.

(-3) The minimum thickness of ¢y, t;, and t3 shall
be 0.045 in. (1.14 mm).

(-4) The maximum thickness of t; and ¢, shall be
0.126 in. (3.20 mm).

(-5) The maximum thickness of t; shall be 0.188
in. (4.8 mm).

(-6) The total thickness of the three layers
| + tp + t3 shall be 0.135 in. (3.43 mm) min., 0.378 in.
(10 mm) max.

(3) Machine Settings and Controls. The resistance
welding machine settings and process control parameters
used in the making of the proof test vessel and the work-
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HW-745 Resistance Welding of Hydraulically
Formed Panels

Figure HW-745, sketches (d-1) and (d-2)]. The weld cross
sections shall be subjected to macroetch examinations and

shall shaow nao cracks

Resistance spot and seam welding may be used in the
construction of embossed or dimpled assemblies under
the following limitations and additional requirements.

(a) Materials used in the resistance welded parts of
such vessels are carbon steel SA-285, SA-620, and SA-
414, or any proven combination, with the further limita-
tion that the carbon content is 0.15% maximum.

(b) Construction consists of employing resistance spot
welding or resistance seam welding to join two sheets
together [see Figure HW-740, sketch (a)]. Subsequent
to the joining and sealing operation, the assembly is
subjected to a hydraulic or pneumatic pressure to
achieve a dimpled formation.

Construction may consist of two sheets of equal thick-
ness that results in the formation of a dimpled surface on
both sides of an assembly or two sheets of different thick-
nesses that results in the formation of a dimpled surface on
only one side of a pressure assembly. Any number of such
assemblies may be joined together, by fusion welding, to
make a boiler or boiler parts.

(c) The allowable working pressure for the construc-
tion shall be the lowest pressure established by the
following:

(1) aproof test in accordance with the bursting test
procedures in HG-502 and HG-503 need not be followed,
provided that when performing the proof test, the appli«
cation of pressure is continuous until burst or untilythe
proof test is stopped. In using the formulas for calculating
the maximum allowable working pressure, a valug)of 0.80
shall be used for E, the weld joint efficiengy,factor. All
provisions of HG-501 and HG-504 shall apply.

(2) the computed value of the plain\plate, if used in
resistance spot-welded constructionThe plain plate, if
used, shall meet the requiremeénts for braced and
stayed surfaces in HG-340.

(3) the computed value of the plain plate, if used in
resistance seam-welded-construction. The plain plate, if
used, shall meet the requirements of HG-307.3(a), eqgs. (3)
and (4), with z = 2.5\max,, ¢ = 0.2, and E = 1.0.

(d) The following design limitations apply:

(1) A change in any of the following variables will
require requalification of the design proof test of (c):

(*a)) anincrease in the spot or row pitch exceeding
Y16 inA.5 mm)

(-b) achange in the specification, type, or grade of
material or material thickness for either sheet or both
sheets

(-c) a change in the electrode size or material

(2) Aduplicate test panel of that used to establish the
maximum allowable working pressure shall be inflated to

The maximum pi”nur hnig}‘\fc

measured, as shown in Figure HW-745, sketch (e), of
panels made in production shall not exceed 95% of the
maximum pillow height of this duplicate test panel.
The maximum forming pressure shall not exceed 80%
of the burst pressure.

(e) Inlieu of the Procedure Qualification requirements
of Section IX, the following requirements shall bemet for
resistance spot-welded and resistance seam-welded
panels.

(1) Proof Test. A pressure proof testito destruction as
set forth in (c)(1) above shall be cenducted on a finished
boiler or representative panel. This tést may be a separate
test or part of the test in (c)(1)above. If a representative
panel is used, it shall be rectangular in shape and atleast 5
pitchesin each direction, but notless than 24 in. (600 mm)
in either direction.

(-a) A typical spot-welded sample and seam-
welded sample\shall be cut from the proof test panel
after failure{A portion of each sample shall be sectioned
for macroetch examination.

(2}« Workmanship Samples

(-a) Three single spot-welded specimens, and/or
one-seam-welded specimen as shown in Figure HW-745,
sketches (b) and (c), shall be made immediately before and
after the welding of the proof test panel. These test speci-
mens shall be representative of the manufacturing prac-
tice employed in the fabrication of the proof test panel.
When a difference in the amount of magnetic material
in the throat of the welding machine or the part geometry
precludes the welding of satisfactory test specimens at the
same machine settings as those used for the proof test
panel, sufficient material shall be placed in the throat
of the welding machine to compensate for the difference
in size of the proof test panel and the small test specimens.

(-b) Thespot-welded specimens shall be subjected
to tensile loading for ultimate strength and visually
inspected for nugget size, electrode indentation, and
evidence of defects. The seam weld specimens shall be
similarly tested for ultimate strength and prepared for
macrographic examination to reveal nugget size,
spacing, penetration, soundness, and surface condition.

(-c) All pertinent information obtained from the
foregoing tests shall be recorded. These samples and
data constitute workmanship samples that shall be avail-
able for comparison with quality control specimens that
may be made during production.

(-d) With every change of material gage, the
machine setting control shall be verified by test samples.

(-e) At the beginning of each production run,
which is a group of panels or assemblies all produced

apressureatteast5%greaterthamrthe-maximunrforming
pressure to be used in production. The rate of pressuriza-
tion shall be the same as that used in the burst test. The
panel shall be sectioned to show atleast six spot welds [see
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Figure HW-745

(23) Two-Ply Joint Assemblies
Edge seam Spot or Asrequired ———
9 d seam welds Edge seam
ty we weld
L o
ﬁ ] : T
T :
; Two-Ply Assembly Lo D
2 1
Two Embossed or Embossed or Dimpled ! l
Dimpled Plates Plate to Flat Plate

@) 1in. (25 mm) < D <11/, in. (32 mm)
a

As required —————

(b) Single-Spot-Weld Tension Specimen, Two:Ply Joint

1
JE PO P+ N I —
1
D i ~— Tension
I P LR ] \ 4
1
2in. i Macro-section
(50 mm) ! on ¢ of
min. | seam weld
1
1
J S DO S
D 1 — ;
! Tension
2 D D, S
’ (d=1) (d-2)

Pillow height
1in. (25 mm) <D < 11/, in. (32 mm) /
(c) Seam-Weld Specimen for Tension and Macro-section, ﬁ I /——

Two-Ply Joint

G O, )7

Step (1) Step (2) Step (3)

Step-1.\Grip specimen in vise or other suitable device.

Step 2: Bend specimen (this step may not be required if the gripped portion of the specimen is greatly thicker than the
other portion).

Step 3: Peel pieces apart with suitable tool until they are separated.

(f) Peel Test
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shall be performed. The acceptance criterion for these
tests shall be that the parent metal adjacent to the

weld must fail before the weld-itself fails

each additional machine and welding procedure shall be
qualified in accordance with (e)(2)(-a) and (e)(2)(-b)

above

(3) Machine Settings and Controls. The resistance
welding machine settings and process control parameters
used in the making of the proof test panel and the work-
manship samples shall be recorded. Except for minor
variations and adjustments as may be permitted at the
discretion of the Inspector, the applicable settings shall
be used in the fabrication of all panels in a given produc-
tion run.

(4) Pressure Tests and Inspection. All production
boilers shall be pressure tested to a pressure not less
than 1.5 times the allowable working pressure. These
tests and inspection during fabrication shall be in accor-
dance with HG-510, except that provisions of HG-510(b)
may be exceeded because the application of pressure
during formation of the pillows will exceed the design
and test pressure by more than the allowed 10 psi
(70 kPa).

(5) Records.Records shall be kept of all data obtained
from tests of the proof test boiler or panel, duplicate test
panel, the workmanship samples, the welding machine
settings, and the welding procedure and process
control parameters. Records shall be kept of all
preheat, postheat, and heat-treatment procedures and
of inspection procedures.

(f) lf spotand seam welding machines other than those
used for the initial proof test panel, duplicate test pamel;
and workmanship samples are to be used in production,

(g) Lap joints only, between two thicknesses of metal
sheet, may be resistance spot or seam welded. The use of
projection welding (including resistance stud welding) is
excluded.

(h) The range of thickness of sheet materials thatmay
be resistance spot or seam welded shall be as folleWws for
two-ply joints [see Figure HW-745, sketch (a)]

(1) the minimum thickness t; orCty;shall be
0.045in. (1.14 mm)

(2) the maximum thickness:tq\ or t; shall be
Y,in. (6 mm) nominal

(i) 1f arc welding, gas welding, or’brazing are used for
the attachment of nozzles, tubés,dnd fittings, for repair or
for the closing of periphefal,'seams, the qualification of
welding or brazing procedure and welding or brazing
performance shall be\conducted in accordance with the
requirements of Section IX. Filler metals, if used, shall
conform to the‘requirements of Section IX.

(j) For construction having sheets formed within dies
where the‘dies control the shape of the pillow and restrain
the spotAvelds so that the bending in the sheet is outside
the leat-affected zone, the welding may be done before or
afterforming. The requirements and limitations in (d)(2)
above do not apply to this method of construction.
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ARTICLE 8
FABRICATION REQUIREMENTS

HW-800 FORMING PLATES

The ends of plates that form the longitudinal joints of
boiler shells shall be formed by pressure, not sledging, to
the proper curvature.

HW-801 BASE METAL PREPARATION

(a) The preparation of joints prior to welding may
involve any of the conventional methods in use such as
machining, thermal cutting, chipping, grinding, or combi-
nations of these.

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

(c) The method of base metal preparation used shall
leave the welding groove with reasonably smooth surfaces
and free from deep notches, striations, or irregularities.
The surfaces for welding shall be free of all scale, rust, oil,
grease, or other foreign materials.

(d) Cast surfaces to be welded shall be machined;
chipped, or ground where necessary to remove
foundry scale and to expose sound metal.

HW-810 ASSEMBLY

(a) Parts that are being welded shall-be fitted, aligned,
and retained in position during the welding operation
within the tolerance specified in\HW-812.

(b) Bars, jacks, clamps, tack-welds, or other appro-
priate means may be used_to hold the edges of the
parts to be welded in alignment.

(c) Tackwelds used.to'secure alignment shall either be
removed completely when they have served their
purpose, or thejrstopping and starting ends shall be prop-
erly prepared by grinding or other suitable means so that
they may be satisfactorily incorporated into the final weld.
Tack welds, whether removed or left in place, shall be
madedsing a fillet weld or butt weld procedure qualified
in'aecordance with Section IX. Tack welds to be leftin place
shall be made by welders qualified in accordance with
Section IX and shall be examined visually for defects,
and if found defective shall be removed.

Itis not necessary thata subcontractor performing such

shall maintain the controls to assure that the nécéssary
welding procedure and performance qualifications are
met in order to satisfy Code requirements.

(d) When joining two parts by the inertia and contin-
uous drive friction welding processes, one of the two parts
must be held in a fixed position andithe’other part rotated.
The two faces to be joined must be.essentially symmetrical
with respect to the axis of rotatien. Some of the basic types
of applicable joints are solid reund to solid round, tube to
tube, solid round to tubejysolid round to plate, and tube to
plate.

HW-812 ALIGNMENT TOLERANCE

(a) The.edges of plates at butt joints shall not be offset
from each other at any point in excess of the amount in the
following table, where ¢ is the plate thickness.

Direction of Joints
in Cylindrical Vessels

Plate Thickness,

in. (mm) Longitudinal Circumferential
Up to % (13), incl. Yat Yt
Over % to ¥, 1/g in. (3.0 mm) Yt

(13 to 19), incl.

Over %, (19) Y%in. (3.0mm) ¥ in. (5.0 mm)

(b) Butt joints in heads and butt joints between cylin-
drical shells and hemispherical heads shall meet the re-
quirements in (a) above for longitudinal joints in

cylindrical shells.

HW-813 DISTORTION

(a) The cylinder or barrel of a drum or shell shall be
circular at any section within a limit of 1% of the mean
diameter, based on the differences between the maximum
and minimum mean diameters at any section, and if nec-
essary to meet this requirement shall be reheated,
rerolled, or reformed. To determine the difference in
diameters, measurements may be made on the inside
or the outside. For vessels with longitudinal lap joints,
the permissible difference in inside diameters may be
increased by the nominal plate thickness.

tack welds for the vessel manufacturer be a holder of an
ASME Certificate of Authorization. If the tack welds are
permanently left in place, the final vessel manufacturer
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(b) Cylindrical furnaces and other cylindrical parts
subjected to external pressure shall be rolled to a

with Section IX. Further requirements for stud welding are
as follows.

(23)

circle with 3 maximum pnrmicci]ﬂ]n deviation from-the

true circle of not more than Y, in. (6 mm).

HW-820 SPECIFIC WELDING REQUIREMENTS

HW-820.1 Finished Longitudinal and
Circumferential Joints. Butt-welded joints shall have
complete penetration and full fusion. The surface of
the weld may be left as-welded provided the weld is
free of coarse ripples, grooves, overlaps, abrupt ridges,
or valleys. A reduction in thickness due to the welding
process is acceptable provided all of the following condi-
tions are met:

(a) The reduction in thickness shall not reduce the
material of the adjoining surfaces below the minimum
required thickness at any point.

(b) The reduction in thickness shall not exceed
Y, in. (0.8 mm) or 10% of the nominal thickness of
the adjoining surface, whichever is less.”*

HW-820.2 Fillet Welds. In making fillet welds, the
weld metal shall be deposited in such a way that adequate
penetration into the base metal at the root of the weld is
secured. The reduction of the thickness of the base metal
due to the welding process at the edges of the fillet weld
shall meet the same requirements as for butt welds [see
HW-820.1].

HW-820.3 Double-Welded Butt Joints. Before
applying weld metal on the second side to be welded,
the root of double-welded butt joints shall be*prepared
by suitable methods such as chipping,gfinding, or
thermal gouging, so as to secure sound-metal at the
base of weld metal deposited on the-face side, except
for those processes of welding by which proper fusion
and penetration are otherwise (obtained and by which
the root of the weld remainsfrée from impurities.

HW-820.4 Stud Welding. In the case where arc stud
welding and resistance stud welding is used to attach load
carrying studs, a praduction stud weld test of the proce-
dure and welding)operator shall be performed on five
studs, welded.and tested in accordance with either the
bend or torque stud weld testing described in Section
IX as follows:

(a)\prior to start of daily operation if used continuously
omunits of similar construction

(b) prior to the start of application to a given unit when
not used continuously

(c) after adjustment or servicing is done on welding
equipment

HW-820.5 Procedure and Performance

{a)Metallic coatings (such as cadmium plating) if used
shall not be within % in. (13 mm) from the weld end of the
stud.

(b) The base metal must be above 50°F (10°C) during
the welding process.

HW-820.6 Stud Welding. When stud welding,and
resistance stud welding are used for joining nonpres-
sure-bearing attachments, which have esséntially no
load-carrying function [such as extended heat transfer
surfaces and insulation attachment\pins, except as
provided in HW-840(b)], to pressufe parts by an auto-
matic welding process performeddn accordance with a
Welding Procedure Specification (in compliance with
Section IX as far as applicable), procedure and perfor-
mance qualification testing-is not required.

When stud welding is\used to attach nonload-carrying
studs, a production‘stud weld test, appropriate to the end
use application, fequirements, shall be specified by the
ManufacturerioriAssembler and carried out on a separate
test plate or. tube

(a) prior'to the start of daily operation if used continu-
ously on“units of similar construction

(b)) prior to the start of application to a given unit when
net used continuously

(c) after adjustment or servicing is done on welding
equipment

HW-820.7 The welded joint between two members
joined by the inertia and continuous drive friction welding
processes shall be a full penetration weld. Visual exam-
ination of the as-welded flash roll of each weld shall be
made as an in-process check. The weld upset shall meet
the specified amount within +10%. The flash shall be
removed to sound metal.

HW-820.8 Welding (Brazing) by Non-Certificate
Holders. Welders, including brazers, and welding and
brazing operators not in the employ of the manufacturer
(Certificate of Authorization Holders) may be used to
fabricate boilers or parts thereof constructed in accor-
dance with the Section, provided all of the following condi-
tions are met:

(a) All Code construction shall be the responsibility of
the Manufacturer.

(b) All welding shall be performed in accordance with
the Manufacturer’s welding procedure specifications
which have been qualified by the Manufacturer in accor-
dance with the requirements of Section IX and this Section.

(c) Allwelders shall be qualified by the Manufacturerin
accordance with the requirements of Section IX and this
Section.

Qualification Tests and Material Requirements
for Stud Welding. Procedure and performance qualifi-
cation tests for stud welds shall be made in accordance
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(1) arequirement for complete and exclusive admin-
istrative and technical supervision of all welders by the

Manufacturer

HW-840 POSTHYDROTEST WELDING OF
NONPRESSURE PARTS TO PRESSURE

(2) evidence of the Manufacturer’s authority to
assign and remove welders at his discretion without in-
volvement of any other organization

(3) a requirement for Assignment of Welder
Identification symbols

(4) evidence that this program has been accepted by
the Manufacturer’s Authorized Inspection Agency which
provides the inspection service

(e) The Manufacturer shall be responsible for Code
compliance of the completed boiler or part, including
applying the Certification Mark with appropriate desig-
nator and providing Manufacturer’s Data Reports prop-
erly completed and certified by the Inspector.

HW-820.9 Flash Welding. If tube butt welds are
made using the flash welding process, production
testing shall be performed in accordance with Section
IX, QW-199.7.3 as follows:

(a) one example shall be tested at the start of
production

(b) one sample shall be tested at the beginning,
midpoint, and end of each work shift

(c) when production shifts are consecutive, a test at the
end of the shift may serve as the test for the beginning of
the next shift

(d) when a welding operator is replaced during
production

(e) if any machine’s settings are changed

When any production run weld fails to pass the required
tests, the welding parameters shall be adjusted until two
consecutive welds pass the bend test. In addition;all welds
that were made subsequent to the previous successful test
shall be either cutout and rewelded or cutgut and tested in
reverse sequence of welding until two successive welds
pass the tests.

HW-830 REPAIR OF WELD DEFECTS

Visible defects, such as.cracks, pinholes and incomplete
fusion, and defects detected by leakage tests shall be
removed by mechanical means or by thermal grooving
processes, after-which the joint shall be rewelded and
reexamined.

PARTS

(a) Nonpressure parts, other than insulation attach-
ment pins welded by the capacitive discharge method,
may be welded to pressure parts after the hydrostatic
test has been performed in accordance with the require-
ments as set forth in HG-510, provided the following
criteria are met.

(1) The welding is done in accordance with this
Subpart (see HW-820).

(2) The material requirements shall comply as
follows:

(-a) The pressure part matefial is limited to
P-No. 1, Group 1 or 2 materials.

(-b) The nonpressure-attachment material is
limited to carbon steel with a carbon content not
exceeding 0.20% or any-P:No. 1 material.

(-c) When themnonpressure attachment material is
other than P-No. 1,a'minimum 200°F (93°C) preheat shall
be applied when the pressure part thickness exceeds ¥, in.
(19 mm).

(3) Thedattachment is done by stud welding or with
fillet welds‘where the throat of the weld is not to exceed
the lesser’of 1.5 times the thickness of the pressure part or
Y, in. (6 mm).

(4) The completed weld is inspected by the
Authorized Inspector.

(5) The Manufacturer’s Data Report Form shall be
signed only after completion of the welding.

(6) Welding is not permitted on brazed joints.

(b) Insulation attachment pins may be stud welded to
pressure parts after the hydrostatic test without requiring
inspection by the Authorized Inspector and without
requiring a production stud weld test, provided the
following conditions are met.

(1) Insulation attachment pins shall have a nominal
diameter not exceeding 50% of the plate thickness or
%6 in. (5.0 mm), whichever is less.

(2) Capacitive discharge welding process shall be
used.

(3) The procedure shall be included in the
Manufacturer’s Quality Control Manual, and the
Authorized Inspector shall have the opportunity to
monitor the process.

(4) The insulation attachment pins shall be installed
prior to application of the Certification Mark and the
signing of the Manufacturer’s Data Report.
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ARTICLE 9
INSPECTION

HW-900 INSPECTION DURING FABRICATION

The manufacturer shall submit the boiler or other pres-
sure part for inspection at such stages of the work as may
be designated by the Inspector.

HW-910 CHECK OF WELDING PROCEDURE
QUALIFICATIONS

(a) Itis the duty of the Inspector to assure himself that
the welding procedures employed in construction have
been qualified under the provisions of Section IX. The
manufacturer shall submit evidence to the Inspector
that those requirements have been met.

(b) Thelnspectorhastherightatany time to call forand
witness the test welding and testing, although it is not
mandatory that he witness the test welding and the
testing unless he so desires.

HW-911 CHECK OF WELDER AND WELDING
OPERATOR PERFORMANCE
QUALIFICATIONS

(a) ltis the duty of the Inspegetor to assure himself that
all welding is done by welders ‘or*welding operators qual-
ified under the provisions 6fSection IX. The manufacturer
shall make available to theThspector a certified copy of the
record of performance qualification tests of each welder
and welding operatoras evidence that these requirements
have been met.

(b) TheInspector hastherightatany time to call forand
witness the test welding and testing, although it is not
mandatdpy that he witness the test welding and the
testing*unless he so desires.
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PART HF — SUBPART HB

REQUIREMENTS FOR BOILERS FABRICATED
BY BRAZING

ARTICLE 10
GENERAL REQUIREMENTS

HB-1000 SCOPE

The requirements of this Subpart HB are applicable to
boilers and parts thereof that are fabricated by brazing.

HB-1001 RESPONSIBILITY OF
MANUFACTURER OR CONTRACTOR

Each manufacturer or contractor is responsible for the
brazing done by his organization and shall establish the
procedures and conduct the tests required in Section IX to

qualify the brazing procedures he uses in the construction
of the brazed assemblies-built under Section IV and the
performance tests of brazers and brazing operators to
determine their ability to apply the procedure properly.
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ARTICLE 11
MATERIAL REQUIREMENTS

HB-1100 GENERAL

Materials used in the construction of boilers and parts
thereof by brazing shall conform to the specifications in
Section II, and shall be limited to those materials for which
allowable stress values have been assigned in Section II,
Part D, Table 6A or Table 6B. The materials being brazed
shall be of proved brazing quality with the brazing filler
metal employed. Satisfactory qualification of the brazing
procedure under Section IX is considered proof of accept-
able material for brazed construction.

HB-1101 COMBINATIONS OF DISSIMILAR
MATERIALS

Combinations of dissimilar metals may be joined by
brazing provided they meet the qualification require-
ments of Section IX.

HB-1102 BRAZING FILLER METALS

The selection of the brazing filler metal for a specific
application shall depend upon its_ suitability for the
base metals being joined. Satisfactory qualification of
the brazing procedure under‘Section IX is considered
proof of the suitability of the-filler metal. Brazing used
with brazing filler metals-other than those listed in
Section II, Part C, SFA-5.8 shall be separately qualified
for both procedure and performance qualification in
accordance with(Section IX.

HB-1103_FLUXES AND ATMOSPHERES

Suitablé fluxes or atmospheres or combinations of
fluxes:and atmospheres shall be used to prevent oxidation
of thie brazing filler metal and the surfaces to be joined.
Satisfactory qualification of the brazing procedure under
Section IX is considered proof of the suitability of the flux
and/or atmosphere.
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ARTICLE 12
BRAZING PROCESSES, PROCEDURES, AND QUALIFICATIONS

HB-1200 BRAZING PROCESSES

Specific brazing processes which are permitted for use
under this Section are classified by method of heating and
are torch brazing, furnace brazing, induction brazing, elec-
trical resistance brazing, and dip brazing — salt and flux
bath.

HB-1201 JOINT BRAZING PROCEDURES

A joint brazing procedure shall be developed for each
different type of joint of a brazed assembly. A recommend-
ed form for recording the brazing procedure is shown in
Section IX, QB-480. If more than one joint occurs in a
brazed assembly, the brazing sequence shall be specified
on the drawing or in instructions accompanying the
drawing. If welding and brazing are to be done on the
same assembly, the welding shall precede the brazing
unless it is determined that the heat of welding will
not adversely affect the braze previously made, and
the weld will not be adversely contaminated by the
brazing metal.

HB-1202 BRAZING QUALIFICATIONS:AND
RECORDS

HB-1202.1 Qualification of Brazing Procedures.

(a) Each brazing procedure employed in the fabrica-
tion of boilers shall be qualified in accordance with
Section IX. Only qualified precedure specifications shall
be followed in construction. Each manufacturer shall
conduct the required tests to qualify all brazing proce-
dures to be used byjhis organization.

(b) The nominal thickness of base material uSed’with
lap joints tested using the test fixture shown irrSection IX,
QB-463.7 shall not exceed % in. (13 mm).\There is no
thickness limitation when specimens are tested
without the test fixture shown in Sectien IX, QB-463.7.

HB-1202.2 Qualification of:Brazers and Brazing
Operators. All brazers assigned‘to manual brazing shall
have passed the tests prescribed for brazers in Section IX.
All brazing operators assigned to brazing by automatic
means or by furnacejinduction, resistance, or dip
brazing shall pass;the tests as prescribed in Section IX.
Such tests shall.be conducted by the manufacturer or
contractor.

HB-1202.3 No Production Work Without
Quatifications. No production work shall be
undertaken until both the brazing procedure and the
brazers or brazing operators have been qualified.

HB-1202.4 Maintenance of Records of
Qualifications and Identifying Marks.

(a) The manufacturer shall maintain qualification
records of the brazers and brazing operators employed
by him showing the date and results of qualifying tests
and the identifying mark assigned to each. These
records shall be certified to by the Manufacturer by signa-
ture or some other method of control in accordance with
the Manufacturer’s quality control system, and shall be
accessible to the Inspector.

(b) Each brazer and brazing operator so qualified shall
be assigned an identifying number, letter, or symbol by the
manufacturer which shall be used to identify the work of
that brazer or brazing operator.
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ARTICLE 13
DESIGN

HB-1300 STRENGTH OF BRAZED JOINTS

(a) ltis the responsibility of the designer to determine
from suitable tests or from past experience that the spe-
cific brazing filler metal selected can produce a joint which
will have adequate strength over the operating tempera-
ture range. The strength of the brazed joint shall notbeless
than the strength of the base metal, or the weaker of the
two base metals in the case of dissimilar metal joints.

(b) For any type of joint, the strength of the brazed
section shall exceed that of the base metal portion of
the test specimen in the qualification tension tests
provided for in Section IX, QB-150. Lap joints shall
have a sufficient overlap to provide a higher strength
in the brazed joint than in the base metal.

HB-1301 BRAZED JOINT EFFICIENCY
FACTORS

(a) The joint efficiency factor to be used in design of
boilers with brazed joints shall be 0.80 for joints in
which visual examination assures that the brazing filler
metal has penetrated the entire joint.

(b) Thejoint efficiency factor to be useddin the design of
boilers shall be 0.50 for joints in which visual examination
will not provide proof that the brazing filler metal has
penetrated the entire joint.

HB-1302 MINIMUM THICKNESS

The minimum thickness'of nonferrous and other copper
or copper-alloy plates, heads, and tubesheets shall be as
specified in HF-301

HB-1303( PERMISSIBLE SERVICE
TEMPERATURE

Satisfactory qualification of the brazing procedure in
accordance with Section IX, Part QB is considered satis-
factory proof of the adequacy of the base materials, the
brazing filler metal, the flux and/or atmosphere, and other
variables of the procedure for service not exceeding
250°F (120°Q).

HB-1304 APPLICATION OF BRAZING FILLER
METAL

The design shall provide for the/application of the
brazing filler metal as part of.the/design of the joint.
Where practicable, the brazing filler metal shall be
applied in such a manner that'it will flow into the joint
or be distributed acros§ the joint and produce visible
evidence that it has penetrated the joint.

(a) Manual Applieation. The manual application of the
brazing filler metal by face-feeding to a joint should be
from one side~only. Visual observation of the other
side of thejoint will then show if the required penetration
of the jaint by the filler metal has been obtained. If the side
opposite to the filler metal application cannot be visually
examined, as is the case with socket-type joints in pipe and
tubing (blind joint), a joint efficiency factor of 0.50 shall be
used in design of this joint.

(b) Preplaced Brazing Filler Metal. The brazing filler
metal may be preplaced in the form of slugs, powder,
rings, strip, cladding, spraying, or other means. After
brazing, the brazing filler metal should be visible on
both sides of the joint. If the brazing filler metal is
preplaced within a blind joint in such a manner that it
penetrates the major portion of the joint during
brazing and appears at the visible side of the joint, a
joint efficiency factor of 0.80 may be used in the
design of the joint. If the brazing filler metal is preplaced
on the outside or near the outside of a blind joint, and the
other side cannot be inspected to ascertain complete
penetration, then a joint efficiency factor of 0.50 shall
be used in the design of the joint.

HB-1305 JOINT CLEARANCE

(a) The joint clearance shall be kept sufficiently small
so that the filler metal will be distributed by capillary
attraction. Since the strength of a brazed joint tends to
decrease as the joint clearance used is increased, the clear-
ances for the assembly of joints in boilers shall be within
the tolerances set up by the joint design and as used for the
corresponding qualification specimens made in accor-
dance with Section IX.
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Table HB-1305
Recommended Joint Clearances at Brazing

Fem ¢ (a) Openings fornozzles and other connections shallbe

Brazing Filler
Metal

B Al Si Group

Clearance, in. (mm)
0.006-0.010 (0.15-0.25) for laps < %, in. (6.35)
0.010-0.025 (0.25-0.64) for laps >, in. (6.35)
0.001-0.005 (0.02-0.12)
0.002-0.005 (0.05-0.12)
0.002-0.005 (0.05-0.12)
0.000-0.002 (0.00-0.05)

B CuP Group
B Ag Group

B Cu Zn Group
B Cu Group

which will not interfere with the quality of the braze. If
such means are employed in production, they must also be
employed in qualification of procedure, brazer, and
operator.

NOTE: For guidance, see Table HB-1305, which gives recom-
mended joint clearances at brazing temperature for various
types of brazing filler metal. Brazing alloys will exhibit
maximum unit strength if clearances are maintained within
these limits.

HB-1306 OPENINGS

far enough away from any main brazed joint so that the
joint and the opening reinforcement plates do not inter-
fere with one another.

(b) Openings for pipe connections in boilers having
brazed joints may be made by inserting pipe couplings,
not exceeding NPS 3 (DN 80), or similar devices in tlie
shell or heads and securing them by welding, provided
the welding is performed by welders who have been‘qual-
ified under the provisions of Section IX for the Welding
position and type of joint used. Such attachiments shall
conform to the rules for welded connections.

HB-1307 BRAZED CONNECTIONS

(a) Connections, such as-saddle type fittings and
fittings inserted into openingsformed by outward flanging
of the vessel wall, in sizes-hot exceeding NPS 3 (DN 80),
may be attached to boilers by lap joints of brazed construc-
tion. Sufficient brazing shall be provided on either side of
the line throughithe center of the opening parallel to the
longitudinalaxis’of the shell to develop the strength of the
reinforcement through shear in the brazing.

(b) For'nozzle fittings having a bolting flange and an
integral flange for brazing, the thickness of the flange
attached to the boiler shall not be less than the thickness
of the neck of the fitting.
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ARTICLE 14
FABRICATION REQUIREMENTS

HB-1400 CLEANING OF SURFACES TO BE
BRAZED

The surfaces to be brazed shall be clean and free from
grease, paint, oxides, scale, and foreign matter of any kind.
Any chemical or mechanical cleaning method may be used
that will provide a surface suitable for brazing.

HB-1401 POSTBRAZING OPERATIONS

Brazed joints shall be thoroughly cleaned of flux residue
by any suitable means after brazing and prior to inspec-
tion.”* Other postbrazing operations such as thermal
treatments shall be performed in accordance with the
qualified procedure.

HB-1402 REPAIR OF DEFECTIVE BRAZING

Brazed joints which have been found-to be defective
may be rebrazed, where feasible, aftér'thorough cleaning,
and by employing the same brazingprocedure used for the
original braze. If a differedt/brazing procedure is
employed i.e., torch repair“of furnace brazed parts, a
repair brazing procedure’/shall be established and
qualified.

When a repair brazing procedure is established it shall
provide control of the application of brazing filler metal to
meet the conditions set forth in HB-1301(a). Where these
requiremernits cannot be met, the limitations of
HB-1301(b) will apply.
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ARTICLE 15
INSPECTION AND MARKING

HB-1500 INSPECTION

HB-1501 Inspection of Brazing Procedure

The Inspector shall examine the procedure for each type
ofjointbeing produced and shall determine that the proce-
dure has been qualified in accordance with the require-
ments of Section IX and shall satisfy himself that
fabrication of the joint is in accordance with the proce-
dure. Where there is evidence of consistent poor
quality, the Inspector shall have the right at any time
to call for and witness tests of the brazing procedure.

HB-1502 Certification of Brazer and Brazing
Operator

(a) The manufacturer shall certify that the brazing on a
vessel or part thereof has been done by brazers or brazing
operators who are qualified under the requirements of
Section IX, and the Inspector shall assure himself that
only qualified brazers or brazing operators have been
used.

(b) The manufacturer shall make availabléto the
Inspector a certified copy of the record of the qualification
tests of each brazer and brazing operator. The Inspector
shall have the right at any time to call for attd witness tests
of the ability of a brazer or brazing eperator.

HB-1503 Visual Examination

(a) Where possible, both sides of each\brazed joint
shall be visually examined after flux résidue removal.
Where it is not possible to inspect orie side of a brazed
joint (blind joint), the Inspector shdll check the design
to determine that the proper§eint factor has been
employed, unless he cangassure himself that the
brazing filler metal has been preplaced in such a
manner that it satisfied\HB-1304.

(b) There shall be évidence that the brazing filler metal
has penetrated the-joint. In a butt braze there shall be no
concavity. The/braze may be repaired or rebrazed.

(c) The presence of a crack in the brazing filler metal
shall be causefor rejection. Dye penetrant inspection may
be used.ifdesired. The braze may be repaired or rebrazed.

(d)\The presence of a crack in the base metal adjacentto
abraze shall be cause for rejection even if the crack s filled
with brazing alloy. Such cracking shall not be repaired.

(e) Visible pinholes or open defects in the braze shall be
cause for rejection. The joint may be rebrazed.

(f) Rough fillets, particularly those with a convex
appearance, are cause for rejection. Such joints may be
repaired or rebrazed.

HB-1510 Marking

Boilers shall be marked according to the requirements
of HG-530 or the marking may be placed on a nonferrous
plate, irremovably attached to a visible part of the boiler.
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PART HC

REQUIREMENTS FOR BOILERS CONSTRUCTED
OF CAST IRON

ARTICLE 1
GENERAL

HC-100 SCOPE

The rules in Part HC are applicable to heating boilers
that are constructed primarily of cast iron sections, and
shall be used in conjunction with general requirements of
Part HG of this Section.
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ARTICLE 2
MATERIAL REQUIREMENTS

HC-200 GENERAL MATERIAL REQUIREMENTS

(a) All materials used for cast sections of boilers that
are constructed primarily of cast iron shall meet the re-
quirements of this Article for gray iron castings.

(b) External appurtenances, such as cast or welded
headers and other miscellaneous pressure parts, shall
be manufactured under Part HC or HF-203. The design
pressure for these pressure parts for which the strength
cannot be computed shall be established in accordance
with HG-500.

HC-201 MANUFACTURE

The melting procedure shall be optional with the
Manufacturer.

HC-202 CHEMICAL COMPOSITION

Drillings taken from test ingots, broken test specimens,
or from castings, shall conform to the following as to chemi-
ical composition.

(a) The manganese shall be controlled as required to
meet Mn > (1.7 X S) + 0.2, where Mn is percent.manga-
nese and S is percent sulfur.

(b) The phosphorous content shall not-exceed 1.00%.

HC-203 TENSILESTRENGTH-CLASSIFICATION

Castings shall be known and:listed by classes according
to the minimum requiremefits ‘as to tensile strengths of
test bars, specified as follows:

Class No. Tensile Strength Min., psi (MPa)
20 20,000 (140)
25 25,000 (170)
30 30,000 (200)
35 35,000 (240)
40 40,000 (275)

HC-204 TEST BARS

Test bars shall be cast separately from the castings

Figure HC-204.1. Tension test specimens “castto-size”
shall not be used. The test bar castings"shown in
Figure HC-205.1 may be used for optional transverse
tests, when that test is specified.

HC-205 SELECTION OF TESTBAR SIZE

The dimensions of the~test bars as shown in
Figure HC-205.1 shall be, determined by the thickness
of the controlling sectiomn-of the casting as follows (the
body or shell of thé casting shall be the controlling
section):

Thickness of Controlling Section

of Casting, in. (mm) Test Bar
0.5 (13)¢and.under A
0.51 t0,1:00 (13.0 to 25) B
Over .00 (25) C

HC-206 MOLDING AND POURING TEST BARS

Testbars shall be made under the same sand conditions
as the castings. The bars shall be poured from the same
ladles of iron used to pour the castings. The test bars shall
receive the same thermal treatment as the castings.
Thermal treatment involving a liquid quench from
above the critical range is not permitted for castings
covered in this Article.

HC-207 NUMBER OF TESTS

(a) For purposes of this requirement, a melting period
shall not exceed 24 hr.

(b) For tensile or transverse tests for each class of iron,
one or more test bars shall be cast during each 4 hr period
during the melt. No less than two test bars are to be cast
from each melt, one during the first half of the melting
period, and the other during the last half of the
melting period. For chemical composition test samples,
see HC-202.

(c) During each 8 hr period, one chemical composition
test and either one tensile or one transverse test shall be
made on each melt (or each mixture if two or more

(see HC-206). The sizes of cast test bars shall be as deter-
mined in HC-205. Tension specimens shall be machined
from those castings to the dimensions shown in
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mixtures of a different class of iron are made in a
given melt) for each controlling section (see HC-205)
in the castings made from each melt (or mixture).?®
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Figure HC-204.1
Dimensions of Tensile Test Specimen
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TEQATEmO W

Dimensions, in. (mm)

Test Approx.
Bar Min. A B c D Min. E F Min. G Min. L Min. R
A 1Y%, (32) [Note (1)] % (19)  0.500/% 0.010 Y (6) Vet Yu 0.50 (13) 3%, (95) 1 (25)
(43 '+ 0.25) (16 + 0.4)
B 1Y% (38) [Note (1)] 1% (29) 0750 £ 0.015 Y (6) 6 * Yoa 0.75 (19) 4 (100) 1 (25)
(19 £ 0.38) (24 £ 0.4)
o 2Y, (57) [Note (1)] 17%.(48)  1.25 + 0.025 %6 (8) 176 * Yeu 1.25 (32) 6% (160) 2 (51)
(32 £ 0.63) (37 £ 0.4)

NOTE: (1) Optional to fit holders on testing machine. If threaded, root diameter shall not be less than dimension F.

HC-208 TENSION TEST

The tension testshall be considered the primary test for
qualification ytidet this Article. The results of the tension
or transverse .tests shall determine compliance for the
various €lasses given in HC-203 (see HC-210, Retests.)

HC-209 TENSION TEST PROCEDURE

Tension test specimens (Figure HC-204.1) shall fit the
holders of the testing machine in such a way that the load
shall be axial. The use of self-aligning shackles is recom-
mended.?® After reaching a stress equivalent to 15,000 psi
(100 MPa), the speed of the moving head of the testing

HC-210 TENSION RETESTS

(a) If any test specimen shows defective machining or
obvious lack of continuity of metal, it shall be discarded
and replaced by another specimen.

(b) In no case shall the actual tensile strength of the
tension specimen be more than 10% under the
minimum tensile strength listed in HC-203. If it is, the
casting(s) shall be rejected.

(c) Iftheactual tensile strength of the tension specimen
isnot more than 10% under the minimum tensile strength
listed in HC-203, two more tension specimens may be
tested. The arithmetical average tensile strength, psi
(MP:) of the three tension specimens shall nr}nnl or

machine shall not exceed 0.125 in./min (3.18
mm/min). The minimum tensile strength shall be as speci-
fied in HC-203 (see HC-210).
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exceed the minimum tensile strength specified in
HC-203 for the casting(s) to be accepted.
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Figure HC-205.1
Cast Test Bars

(23)

a

¢

Dimensions Length, b, in. (mm)

Distance Between Supports in Permissible Variations,

Test Bar Diameter a, in. (mm) [Note (1)] Transverse Test, in. (mm) in. (mm)
A 0.875 (22) 15 (380) 12 (300) +0.05.(#1.3)
B 1.20 (30) 21 (530) 18 (460) £0.10 (£2.5)
C 2.00 (50) 27 (680) 24 (600) 30.10 (2.5)

GENERAL NOTE: Testbars shall be plain, cylindrical shapes as shown. Where bars are cast on end, allowance for draft miay be made. However, the
diameter at the center of the length must correspond to the normal diameter, within the permissible variatiens.

NOTE: (1) If only tensile strength are specified, dimensions b may be reduced to the minimum length shown in Figure HC-204.1.

HC-211 TRANSVERSE TEST

Except for the tension tests required in HC-402.2, the
Manufacturer may waive the tension test specified in
HC-208 and use the transverse test. When used, the
minimum breaking load, prescribed as follows, shall
apply (see HC-213):

Minimum Breaking Load, 1b (kg)

Test Bar A Test Bar B Test Bar C
0.875 in. 1.20 in. (30 mm) 2.00 in. (50anm)
(22 mm) Diam., Diam., 18 in. Diam., 24 in.

Class 12 in. (300 mm) (450 mm) (600 mm)
No. Supports,lb(kg) Supports,lb (kg) Supports,1b (kg)
20 900 (400) 1,800 (800) 6,000 (2700)
25 1,025 (450) 2,000 (900) 6,800 (3000)
30 1,150 (500) 2,200 (1000) 7,600 (3400)
35 1,275 (550) 2,400 (1\460) 8,300 (3700)
40 1,400 (600) 2,600.(1200) 9,100 (4100)

HC-212 TRANSVERSE TEST PROCEDURE

(a) The transverse test shall be made on the bar as cast,
or as skin machined (provided in the latter case that the
diameterdsnot reduced below the minimum sizes given in
Table HC~212) with central loading between supports.
Coyrettions shall be made for sizes of round bars as
shown in Table HC-212. In case of slightly elliptical
bars (maximum and minimum diameters both within
the tolerances given in Table HC-212), loading shall be

on the minimum diameter, and the correction factor
shall he abtained as follows: Qqnarn the r]npfh aof the

size bar. A bakt/whose diameters (maximum and
minimum) vary.by more than 0.025 in. (0.60 mm) for
the 0.875¢1./(22 mm) diameter nominal size, or by
more than 0.050 in. (1.25 mm) for the 1.2 in. (30 mm)
and 2104n. (50 mm) diameter nominal sizes, respectively,
shall, be considered a slightly elliptical bar.

(b) In all cases, controlling dimensions shall be the
diameter of the bar at fracture.

(c) The rate of application of the load shall be such that
fracture is produced in not less than 15 sec for the 0.875
in. (22 mm) diameter bar, 20 sec for the 1.2 in. (30 mm)
diameter bar, and 40 sec for the 2.0 in. (50 mm) diameter
bar.

HC-213 TRANSVERSE RETESTS

(a) If any test specimen shows defective machining or
obvious lack of continuity of metal, it shall be discarded
and replaced by another specimen.

(b) In no case shall the breaking load of the transverse
test bar be more than 10% under the minimum breaking
load listed in HC-211. If it is, the casting(s) shall be
rejected.

(c) Ifthe breaking load of the transverse test bar is not
more than 10% under the minimum breakingload listed in
HC-211, a retest may be made. If the retest fails, the
casting(s) shall be rejected, except as provided for in (d).

(d) When the transverse test bar fails to meet the
minimum breaking load listed in HC-211, the
Manufacturer shall have the right to have tension test
specimens machined from the broken ends of the trans-
verse test bar. If the arithmetical average tensile strength,

bar measured at the point of application of the original
load, multiply by the width, and divide the product by
the cube of the diameter of the standard or nominal
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psi (MPa), of the tension specimens equal or exceed the
minimum tensile strength specified in HC-203, the cast-
ings are accepted.
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Table HC-212
Correction Factors for Transverse Test Bars

Test Bar A 0.875 in. (22 mm) in Diameter | Test Bar B 1.20 in. (30 mm) in Diameter | Test Bar C 2.000 in. (50 mm) in Diameter
Diameter of Test Correction Factor Diameter of Test Correction Factor Diameter of Test Correction Factor
Bars, in. (mm) Load Deflection Bars, in. (mm) Load Deflection Bars, in. (mm) Load Deflection
0.825 (20.96) 0.838 1.061 1.10 (27.94) 0.770 1.091 1.90 (48.26) 0.857 1.053
0.830 (21.08) 0.853 1.054 1.11 (28.19) 0.791 1.081 1.91 (48.51) 0.871 1.047
0.835 (21.21) 0.869 1.048 1.12 (28.45) 0.813 1.071 1.92 (48.77) 0.885 1.042
0.840 (21.34) 0.885 1.042 1.13 (28.70) 0.835 1.062 1.93 (49.02) 0.899 1.037
0.845 (21.46) 0.900 1.036 1.14 (28.96) 0.857 1.053 1.94 (49.28) 0.913 1.032
0.850 (21.59) 0.916 1.029 1.15 (29.21) 0.880 1.043 1.95 (49.53) 0.927 1.026
0.855 (21.72) 0.933 1.023 1.16 (29.46) 0.903 1.034 1.96 (49.78) 0.941 1.021
0.860 (21.84) 0.949 1.017 1.17 (29.27) 0.927 1.026 1.97 (50.04) 0.955 1.015
0.865 (21.97) 0.966 1.012 1.18 (29.97) 0.951 1.017 1.98 (56.29) 0.970 1.010
0.870 (21.10) 0.983 1.006 1.19 (30.23) 0.975 1.009 1.991(50:55) 0.985 1.005
0.875 (22.23) 1.000 1.000 1.20 (30.48) 1.000 1.000 2,00%(50.80) 1.000 1.000
0.880 (22.35) 1.017 0.994 1.21 (30.73) 1.025 0.992 2.01 (51.05) 1.015 0.995
0.885 (22.48) 1.034 0.989 1.22 (30.99) 1.051 0.984 2.02 (51.31) 1.030 0.990
0.890 (22.61) 1.051 0.983 1.23 (31.24) 1.077 0.976 2.03 (51.56) 1.046 0.985
0.895 (22.73) 1.069 0.978 1.24 (31.50) 1.105 0968 2.04 (51.82) 1.061 0.980
0.900 (22.86) 1.087 0.972 1.25 (31.75) 1.130 0.960 2.05 (52.07) 1.076 0.976
0.905 (22.99) 1.106 0.967 1.26 (32.00) 1,158 0.952 2.06 (52.32) 1.092 0.972
0.910 (23.11) 1.125 0.962 1.27 (32.26) 1.185 0.945 2.07 (52.58) 1.109 0.967
0.915 (23.24) 1.143 0.956 1.28 (32.51) 1.214 0.938 2.08 (52.83) 1.125 0.962
0.920 (23.37) 1.162 0.951 1.29 (32.77) 1.242 0.930 2.09 (53.09) 1.141 0.957
0.925 (23.50) 1.181 0.946 1.301(33.02) 1.271 0.923 2.10 (53.34) 1.158 0.952

GENERAL NOTE: To correct to the standard diametet,/divide the breaking load and deflection obtained in testing the bar by the respective

correction factors.

HC-214 WORKMANSHIP,FINISH, AND REPAIR

(a) The surface of the casting shall conform substan-
tially to the dimensions©n drawings or to the dimensions
predicated by the pattern, and be free from injurious
defects. The surface*of the casting shall be free from
burnt-on sand.and shall be reasonably smooth. Risers,
fins, and projections used to facilitate the making of
the casting shall be removed. In other respects, they
shall cenform to whatever requirements may be specially
agreéd™apon between the Manufacturer and Purchaser.

{b) Seepage about chaplets, and minor leakage defects,
may be repaired by peening or by plugging as directed
below. Provided the surrounding metal is sound, a
minor leak may be plugged with a solid cast iron
tapered thread pipe plug. The maximum size of the
pipe plug shall be 1 in. NPS (DN 25) and there shall be

HC-215 EXAMINATIONS AND TESTS

The Manufacturer shall be responsible for all examina-
tions and tests. When requested by a Purchaser, the
Manufacturer shall agree to permit a representative of
the Purchaser to have entry, at the time while work
under the contract of the Purchaser is being performed,
to all parts of the Manufacturer’s works that concern the
castings manufactured to the requirements of this Article.
All examinations and tests shall be made at the place of the
manufacture prior to shipment, unless otherwise speci-
fied and shall be so conducted as not to interfere unne-
cessarily with the operation of the works.

HC-216 TEST RECORDS

The Manufacturer shall record and retain all test results

vnqnirnr‘ ]ny this Article fora pavinr‘ ofatleastl e Thetest

no less than four full standard pipe threads In the
section metal (see Table HC-214.)
(c) Welding shall not be permitted.
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results shall be readily identifiable with the casting repre-
sented by the test results.
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Table HC-214
Pipe Plug Size for Minimum Wall Thickness

Pipe
PllI:g, Minimum Wall Thickness for Four-Thread
NPS (DN) Engagement, in. (mm)
% (-) 0.15 (3.8)
Ya (4 0.22 (5.6)
% (10) 0.22 (5.6)
Y (15) 0.285 (7.2)
%, (20) 0.285 (7.2)
1 (25) 0.35 (8.9)

108



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

ARTICLE 3
DESIGN

HC-300 MAXIMUM ALLOWABLE STRESS
VALUES

(a) Table HC-300 gives the maximum allowable stress
values in tension for castings conforming to the class iron
listed therein.

(b) The maximum allowable stress value in bending
shall be 1'% times that permitted in tension and the
maximum allowable stress value in compression shall
be two times that permitted in tension.

(c) Stressvaluesin Table HC-300 shall be used in calcu-
lations employing the available formulas in Part HG when
applicable to the geometry of the boiler or boiler parts.
Where the design pressure cannot be calculated under
the available formulas, then the design pressure of the
part in question shall be established in accordance
with the provisions of HC-400.

HC-301 BASIS FOR ESTABLISHING STRESS
VALUES IN TABLE HC-300

In the determination of allowable stress valuésfor pres-
sure parts, the Committee is guided by successful experi-
ence in service, insofar as evidence of\satisfactory
performance is available. Such evidetice is considered
equivalent to test data where operatihg conditions are

Table'HC-300
Maximum Allowable Stress Values in Tension for
Cast Iron, ksi (MPa)

Minimum
Tensile Maximum Allowable
Spec. Noy Strength, Design Stress Values in
[Note (1)]Class ksi (MPa) Tension, ksi (MPa)
20 20.0 (140) 4.0 (28)
25 25.0 (173) 5.0 (35)
30 30.0 (207) 6.0 (41)
35 35.0 (242) 7.0 (48)
40 40.0 (276) 8.0 (55)

GENERAL NOTE: Multiply ksi by 1,000 to obtain psi (multiply MPa by

known with reasonable certainty. In the €vdluation of
new materials, it is necessary to be guided to a certain
extent by the comparison of testdinformation with
similar data on successful applications of similar
materials.

At any temperature below the/reep range, the allow-
able stresses are established-at no higher than the lowest
of the following:

(a) Y of the specified minimum tensile strength at
room temperature

(b) s of thetensile strength at temperature

HC-310 ‘HEADS
HC-310.1 Heads With Pressure on Concave Side.

Heads with pressure on the concave side (plus heads) shall
b€ designed in accordance with formulas in HG-305 using
the maximum allowable stress value in tension from Table
HC-300. Bolted flanges when cast integral with concave
heads shall have dimensions that conform to ASME B16.1,
Cast Iron Pipe Flanges and Flanged Fittings, Class 125 and
Class 250, and may be used as part of a pressure vessel for
pressures not exceeding the ANSI ratings at temperatures
not exceeding 450°F (230°C).

HC-310.2 Heads With Pressure on Convex Side.
The thickness of heads with pressure on the convex side
(minus heads) shall notbe less than the thickness required
in HC-310.1 for plus heads under the same pressure, nor
less than 0.01 times the inside diameter of the head skirt.

HC-311 SPHERICALLY SHAPED COVERS

Circular castiron spherically shaped covers with bolting
flanges, similar to Figure HC-311, sketches (a), (b), and (c),
shall be designed in accordance with the following, and
shall also be subjected to the proof test provisions of
HC-400.

(a) Notations. The symbols used in the formulas of this
paragraph are defined as follows:

outside diameter of flange
inside diameter of flange
bolt circle diameter

1'UUU to obtain Kraj.

NOTE: (1) Cast iron specifications shall comply with
Part HC, Article 2.

109
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inside spherical or crown radius
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Figure HC-311
Spherically Shaped Covers With Bolting Flanges

Use radius in
accordance with HC-320

12A

r——1/4 (A+B) ——~
' Use radiustin

dius i Point of accordance with HC-320
e esardance with HC-320 %HD; ction J P
T T |
_I_ L | |Centfoid ir L
Use an
Ring . | suitat:lle L‘A”zg
gasket \ type of (Afe— 12 ¢ 1
shown " . gasket i
M, = the total moment determined as in Section VH, t = minimum required thickness of head plate after
Division 1, Mandatory Appendix 2, 2-6, eXcept forming
that for heads of the type shown jin'®igure 1 = angle formed by the tangent to the center line of
HC-311, sketch (c), a moment H,h, (which may the dished cover thickness at its point of intersec-
add or subtract) shall be includediin addition tion with the flange ring, and a line perpendicular
to the moment Hphp, where to the axis of the dished cover
Hp = axial component of theymembrane load in = arcsin [B/(2L + t)]
the spherical segment’acting at the inside
of the flange ring NOTE: Since H,h, in some cases will subtract from the total
= 0.785B%P moment, the moment in the flange ring when the internal pres-
hp = radial distance from the bolt circle to the sure is zero may be the determining loading for the flange design.
H, = lrlallillic:lec(;frrtlzzl?earrtgoef':llfégmembrane load in HC-311.1 Heads Concave to Pressure. Circular
the'spherical segment acting at the inter- spherically dished heads W.ith bolting flanges, concave
settion of the inside of the flange ring with to the pressure and conforming to the several types illus-
the center line of the dished cover trated in Figure HC-311, shall be designed in accordance
thickness with the following formulas:
= Hp cot B (a) Heads of the Type Shown in Figure HC-311,
h, = lever arm of force H, about centroid of Sketch (a)
r r .
flange ring (1) Head thickness
P = design pressure for existing vessels _ SPL
r = inside knuckle radius 6S
S = maximum allowable stress value as given in
Table HC-300
T = flange thickness
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(2) Flange thickness T:

Eor ring gasket
O O 4

(c) Headsofthe Type Shown in Figure HC-311, Sketch (c)
(1) Head thickness

M,

SB

A+ B
A - B

il

B(A + B)(C - B)
A — B

For full-faced gasket,

P
T = 0.6\/ S

|

NOTE: The radial components of the membrane load in the sphe-
rical segment are assumed to be resisted by its flange. Within the
range of ASME B16.1, the flange facings and drillings should
conform to those standards and the thickness specified
therein shall be considered as a minimum requirement.

(b) Heads of the Type Shown in Figure HC-311, Sketch
(b)
(1) Head thickness
_ SPL
T o6s

(2) Flange thickness for ring gaskets shall be calcu-
lated as follows:
(-a) For heads with round bolting holes,

_ 1.875M,(C + B) )
T=Q+ SB(7C — $B)
PL[ C + B
= = =2 (2)
Q 45[7c - 53]

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

_ 1.875M,(C\+ B) 3)
T_Q+\ SBGBC)— B)
Q = ﬁ[ C+5B ] ()

4S13C - B

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

SR

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

(4) The required 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).

(5

DE
orL

6S

(2) Flange thickness

.
T =F+ (F* + ]

i
8S(A — B)
( )

I

HC-315 OPENINGS AND REINFORCEMENTS

(a) The dimensional requirements in HG-320 through
HG-328 are applicabletto cast iron and shall be used in the
design of openihgs‘and reinforcements in boilers and
boiler parts.

(b) Cast’iron flanges, nozzles, and opening reinforce-
ments £hat’enter into the design calculations of the
completed boiler or boiler part, shall be cast integrally
witlrthe boiler or boiler part.

where

and
MO
SB

A ++B
A ,—VB

HC-320 CORNERS AND FILLETS

(a) A liberal radius shall be provided at projecting
edges, reentrant corners, and the juncture of nonload-
bearing heat-transmitting fins and pins where they
connect to the body of the casting, in accordance with
good foundry practice. Abrupt changes in surface
contour and in wall thickness atjunctures shall be avoided.

(b) Fillets and transition sections between adjacent
main pressure containment walls or integral attachments
thereto, such as nozzles, lugs, supports, flanges, and
bosses, shall have radii or the equivalent not less than
one times the thickness of the thinner of the sections
being joined.

HC-325 WASHOUT OPENINGS

All cast iron steam and hot water boilers shall be
provided with washout openings to permit the
removal of any sediment that may accumulate therein.
Washout plugs shall not be smaller than NPS 1% (DN
40) for boilers having gross internal volume more than
5 ft3 (142 L). Washout plugs shall not be smaller than
NPS 1 (DN 25) for boilers having gross internal
volume not more than 5 ft* (142 L). Washout openings
may be used for return pipe connections and the
washout plug placed in a tee so that the plug is directly

111

opposite and as close as possible to the opening in the
boiler.
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HC-330 ASSEMBLY METHOD

Cast iron boilers may be assembled using internal

connections such as cast iron headers or threaded pipe
headers. The completed boiler shall satisfactorily pass

connections, such as electrochemically compatible
metallic push nipples or grommet seals, or external

the hyr]rncfafir test prncrrihnd inHC-410
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ARTICLE 4
TESTS

HC-400 TESTS TO ESTABLISH DESIGN
PRESSURE

HC-401 General

(a) The design pressure for a boiler or boiler parts, for
which the strength cannot be computed with a satisfactory
assurance of accuracy, shall be established in accordance
with the requirement of this paragraph using the following
test procedure.

(b) Safety of testing personnel should be given serious
consideration when conducting the bursting tests in
HC-402.

HC-401.1 Purpose for Which Tests May Be Used.
The tests in these paragraphs may be used for the purpose
of establishing the design pressure of those parts or
component parts for which the thickness cannot be deter-
mined by means of design rules given in this Section
Design changes shall also require a retest/The
maximum allowable working pressure of allhother
elements or component parts shall not be greater than
that determined by means of the applicable design rules.

HC-401.2 Frequency of Tests. Thetests performed
in HC-401.1 shall be repeated withinzevery 5-yr period.
This testing period may be extended'when parts are inter-
mittently produced, in which case the tests shall be
performed at the time of or\before the first production
run after the 5-yr periodsAll requirements of HC-403
shall be met.

HC-402 Bursting Test Procedure

(a) The design pressure of any component part 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 hydrostatic test may be stopped
when the test pressure reaches a value that will, by the
formula in (b), justify the design pressure.

(b) The design pressure of any component part deter-
mined by either method shall be based on hydrostatically
testing three representative boilers or boiler parts. The
lowest value of Py obtained shall be used in determining

P = Pp y Specified minimum tensile strengthr
R = S Average tensile strength of assoCiated test bar
where
Pp = test pressure per (a),.psi“(kPa)
Pr = design pressure, psi-(kPa)

NOTE: Due to the geomeétryof parts of cast iron boilers, failure
under hydrostatic_tests is principally in bending. When an
analysis of the test indicates failure occurred in bending, Pg
may be multiplied by 1.5.

HC+402.1 Test Gages.

(@) Anindicating gage shall be connected directly to the
véssel. 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
vessels, itisrecommended thatarecording 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 wider range of pressure
may be used provided the readings give the same or
greater degree of accuracy as obtained with dial pressure
gages.

(c) All gages shall be calibrated against a standard
deadweight tester or a calibrated master gage. Gages
shall be recalibrated at any time that there is reason
to believe that they are in error.

HC-402.2 Associated Test Bars. A separately cast
test bar shall be produced, machined, and tested in accor-
dance with the requirements of the tension test procedure
in Article 2 of Part HC for each of the three boilers or boiler
sections to be tested to destruction [see HC-402(b)]. Each
test bar shall be from the same ladle of iron from which is
castthe boiler or boiler section to be subjected to bursting.
The arithmetical average tensile strength, psi, of the three

the value of Py in the following formula:*’

NOTE: See HC-402.2 for "average tensile strength of associated
test bar,” which appears in the following equation.
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hars shall he determined and shall pqn;ﬂ ar exceed the
minimum tensile strength, specified in Table HC-300,
for the class of iron selected by the Manufacturer for
use in the formula in HC-402(b) for determining the
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design pressure. In no case shall the actual tensile strength
of any of the three test bars, used to determine this arith-

working pressure thus determined and shall be subjected

to a hydrostatic test pressure in conformity with rules of
HC-410

metical average tensile cfrnngfh’ hemorethan 109% under

the minimum tensile strength listed in Table HC-300 for
the class of iron selected by the Manufacturer. The tensile
strengths obtained from the associated test bars shall be
recorded on the Manufacturer’s Master Data Report for
Boilers Constructed From Cast Iron (Form H-5).

HC-403 Witnessing, Recording, and Certifying
Tests

Tests to establish the design pressure of a boiler or
boiler parts shall be witnessed by a Certified
Individual (see HC-502.12). These bursting tests shall
be recorded on the Manufacturer’s Master Data Report
Form, Form H-5. The designated responsible engineering
head of the Manufacturer shall certify the completed
Manufacturer’s Master Data Report Form by signature
or some other method. These Manufacturer’s Master
Data Reports shall be kept on file by the Manufacturer
as a matter of record.

Requirements for completing multiple pages of
Manufacturer’s Data Report Forms are shown in
Mandatory Appendix 4.

HC-404 Rating of Production Boilers Based on
Tests

All boilers or boiler parts of the same material, design;
and construction, whose design pressures are based oh.a
test to destruction of a sample boiler or boiler partrin
accordance with HC-402, shall be considered to have
design pressures equal to the maximum*allowable

HC-410 Hydrostatic Test

All completed boilers or boiler parts shall satisfactorily
pass the hydrostatic test prescribed in this paragraph.

HC-410.1 Steam Boilers. All steam boilers shall
have each individual section or boiler part subjected to
a hydrostatic test pressure of not less than 60
psig (400 kPa) at the shop where made. The.assembled
boiler shall be subjected to a hydrostati¢c’test of not less
than 45 psig (300 kPa).

HC-410.2 Hot Water Boilers: All hot water heating
or hot water supply boilers marked for maximum allow-
able working pressures not over 30 psi (200 kPa) shall
have each individual section or boiler part subjected to
a hydrostatic test of not.less than 60 psi (400 kPa) at
the shop where made. Hot water heating and hot
water supply bailers marked for maximum allowable
working pressures over 30 psi (200 kPa) shall have
each individual section or boiler part subjected to a hydro-
static testof 2%, times the maximum allowable working
pressure-at the shop where made. The assembled boiler
shdll be subjected to a hydrostatic test pressure not less
than 1% times the maximum allowable working pressure.

HC-410.3 Required Test Pressure. In making
hydrostatic pressure tests, the pressure shall be under
such control thatinno case shall the required test pressure
be exceeded by more than 10 psi (70 kPa).
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ARTICLE 5
QUALITY CONTROL AND INSPECTION

HC-501 GENERAL
HC-501.1 Quality Control System. Any

Manufacturer®® or Shop Assembler holding or applying
for a Certificate of Authorization shall demonstrate a
quality control program that meets the requirements
of ASME CA-1 and establishes that all Code requirements,
including material, design, testing, fabrication, examina-
tion, and inspection (by the Manufacturer and shop assem-
bler), shall be met.

Providing that Code requirements are suitably identi-
fied, the system may include provisions for satisfying any
requirements by the Manufacturer or shop assembler or
user that exceed minimum Code requirements and may
also include provision for quality control of non-Code
work. In such systems, the Manufacturer or shop assem-
bler may make changes in parts of the system that do not
affect the Code requirements.

The system that the Manufacturer or shop assemblér
uses to meet the requirements of this Section must‘be
one suitable for his own circumstances. The negessary
scope and detail of the system shall dependiupon the
complexity of the work performed and upopn the size
and complexity of the organization. A written description
ofthe system the Manufacturer or shop.assembler will use
to produce a Code item shall be available for review.
Depending upon the circumstances, the description
may be brief or voluminous.

The written description may contain information of a
proprietary nature relating.to the Manufacturer’s or shop
assembler’s processes."Therefore, the Code does not
require any distribution of this information, except to
the ASME Designee, as covered by HC-502.11.3. It is
intended that_ihformation learned about the quality
control system in connection with evaluation will be
treated.as confidential.

HC-502 OUTLINE OF FEATURES TO BE
INCLUDED IN THE WRITTEN
DESCRIPTION OF THE QUALITY
CONTROL SYSTEM

The following is a guide to some of the features that

HC-502.1 Product or Work Description. The
quality control system shall contain a brief description
of the products the Manufacturer wishes to fabricate
under the Code or the work th€ shop assembler
wishes to accomplish under the Code.

HC-502.2 Authority-and Responsibility. The
authority and responsibility of those in charge of the
quality control system. shall be clearly established.
Persons performing*quality control functions shall
have sufficient(and well-defined responsibility, the
authority, and-the organizational freedom to identify
quality control problems and to initiate, recommend,
and provide solutions.

HC-502.3 Organization. An organization chart
shewing the relationship between management and engi-
neering, purchasing, manufacturing, inspection, and
quality control is required to reflect the actual organiza-
tion. The purpose of this chart is to identify and associate
the various organizational groups with the particular
function for which they are responsible. The Code does
not intend to encroach on the Manufacturer’s or shop
assembler’s right to establish and, from time to time,
alter whatever form of organization the Manufacturer
or shop assembler considers appropriate for his Code
work.

HC-502.4 Drawings, Design Calculations, Test
Results, and Specification Control. The
Manufacturer’s or shop assembler’s quality control
system shall provide procedures that will insure that
the latest applicable drawings, design calculations, test
results, specifications, and instructions required by the
Code, as well as authorized changes, are used for manu-
facture, assembly, examination, inspection, and testing.

HC-502.5 Material Control. The Manufacturer or
shop assembler shall include a system that requires veri-
fication that the material meets the requirements of
Part HC, Article 2. The system shall assure that only
the intended material is used in Code construction.

HC-502.6 Examination Program. The
Manufacturer’s or shop assembler’s quality control

should be covered in the written description of the
quality control system.
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system shall describe the bursting test procedure and
the fabrication operations, sufficiently to determine at
which stages specific examinations are to be performed.
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HC-502.7 Correction of Nonconformities. There
shall be a system for correction of nonconformities. A
BB Bfarmidrie oL B-ditian—that d Bk Barlax
retreonformityisanyconditdonthat-deesneotecomply
with the applicable rules of this Section.
Nonconformities must be corrected or eliminated
before the completed component can be considered to

comply with this Section.

HC-502.8 Calibration of Measurement and Test
Equipment. The Manufacturer or shop assembler shall
have a system for calibration of all equipment used for
examination, measuring, and testing to fulfill the require-
ments of this Section.

HC-502.9 Sample Forms. The forms used in the
quality control system and any detailed procedures for
their use shall be available for review. The written descrip-
tion shall make necessary references to these forms. The
forms exhibited shall be marked “Sample” and completed
in a manner typical of actual production and test
procedures.

HC-502.10 Retention of Records and
Certifications.

HC-502.10.1 Retention of Records. The
Manufacturer or shop assembler shall have a system
for retaining the Manufacturer’s Master Data Reports
for a minimum of 15 yr.

HC-502.10.2 Certifications. Methods other thafi
written signature may be used for indicating certifications,
authorizations, and approval where allowed and’as
described elsewhere in this Section. WhereJother
methods are employed, controls and safeguards shall
be provided and described to ensure thelintegrity of
the certification, authorization, and apptoval.

HC-502.11 ASME Designee.

HC-502.11.1 The wrifteh'description of the quality
control system shall include reference to the ASME
Designee.

HC-502.11.2 The Manufacturer or shop assembler
shall make available to the ASME Designee a controlled
copy of the written description of the quality control
system.

HE-502.11.3 The Manufacturer’s or shop
assembler’s quality control system shall provide for
the ASME Designee to have access to all drawings, calcula-
tions, specifications, procedures, process sheets, repair
procedures, records, test results, and any other docu-
ments as necessary for the ASME Designee to perform

access either to his own files of such documents or by
providing copies to the ASME Designee.

HC-502.12 Certified Individual (CI). A
Certified Individual shall provide oversight of the activ-
ities that affect the proper utilization and application
of the Certification Mark with H designator on cast
iron sections as outlined in Part HC.

HC-502.12.1 Requirements for a Certified
Individual (CI). A Certified Individual (CI) shall
(a) be qualified in accordance with ASME CA<1
(b) have the following qualifications as a‘minimum:
(1) knowledge of the requirements,of Parts HG and
HC
(2) knowledge of the Manufacturer or shop assem-
bler’s quality program
(3) training commensyupate with the scope,
complexity, or special nature of the activities to which
oversight is to be provided
(c) have a record;"maintained and certified by the
Manufacturer or shop”assembler, containing objective
evidence of the\qualifications and training of the CI
meeting the cufrent requirements of ASME QAI-1
(d) not be.directly involved in the production of cast
iron sections for which he is performing the duties
listed\in"HC-502.12.2

HC-502.12.2 Duties of a Certified Individual
(ClI). A Certified Individual (CI) shall

(a) witness tests to determine the design pressure of a
boiler or boiler part as outlined in HC-403.

(b) verify that cast iron sections marked with the
Certification Mark with H designator have a current
Manufacturer’s Master Data Report. Form H-5 shall be
used.

(c) review the tensile and chemical composition tests
records, verifying that they meet the requirements of
Part HC, Article 2.

(d) review documentation to verify that cast iron
sections marked with the Certification Mark with H desig-
nator have been hydrostatically tested as required by
HC-410.

(e) verify that the application of the nameplates, with
the Certification Mark with H designator, meets the re-
quirements of HG-530.2.

(f) sign the Certificates of Conformance as outlined in
HC-520.

HC-510 EXAMINATION

Examination of each boiler or boiler part shall be in
compliance with Part HC, Article 2. Hydrostatic tests
shall be conducted as required in HC-410 by the

(23)

his review in accordance with this Section. The
Manufacturer or shop assembler may provide such
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HC-520 CERTIFICATES OF CONFORMANCE

Cast iron boiler sections marked with the Certification

and the Certified Individual may be by signature or
some other method of control in accordance with the

Mark with H designator shall be recorded on Certificates of
Conformance as follows:

(a) A Certificate of Conformance Form HC-1 listing the
pattern number, cast date, and quantity of castings
marked with the Certification Mark with H designator
shall be filled out and certified by a representative of
the Manufacturer and certified by a Certified
Individual. Certification by the representative of the
Manufacturer and the Certified Individual may be by
signature or some other method of control in accordance
with the Manufacturer’s Quality Control System.

(1) Multiple cast iron boiler sections may be
recorded on the same HC-1 form.

(2) Castings with the same cast date may be recorded
on the same line.

(b) A Certificate of Conformance Form HC-2 listing the
pattern number, MAWP, hydrostatic test pressure, and
quantity of cast iron sections that have satisfactorily
passed the hydrostatic test required in HC-410 shall be
filled out and certified by a representative of the
Manufacturer and certified by a Certified Individual.
Certification by the representative of the Manufacturer

Manufacturer’s Qna]if‘y Control chmm

Multiple cast iron boiler sections may be recorded on
the same HC-2 form.

(c) A Certificate of Conformance Form HC-3 listing the
nameplate, with the Certification Mark with H designatadr,
part number, quantity applied, boiler model number,cand
date applied shall be filled out and signed by a represen-
tative of the Manufacturer or shop assembler, and signed
by a Certified Individual.

Multiple nameplates may be recorded ¢n the same HC-3
form.

(d) The Manufacturer or shopya§sembler’s written
quality control program shall include requirements for
completion of the Certificates ‘0f €Conformance and reten-
tion by the Manufacturéryor shop assembler for a
minimum of 5 yr.

(e) The representative of the Manufacturer or shop
assembler and the €ertified Individual above shall not
be the same person.

(f) Requirvements for completing Certificate of
Conformance Forms are shown in Mandatory Appendix 4.
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PART HA

REQUIREMENTS FOR BOILERS CONSTRUCTED
OF CAST ALUMINUM

ARTICLE 1
GENERAL

HA-100 SCOPE

The rules in Part HA are applicable to hot water heating
boilers that are constructed primarily of cast aluminum
sections and shall be used in conjunction with general re-
quirements of Part HG of this section.
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ARTICLE 2
MATERIAL REQUIREMENTS

HA-200 GENERAL MATERIAL REQUIREMENTS

(a) All materials used for cast sections of heating
boilers that are constructed primarily of cast aluminum
shall meet the requirements of this Article and material
specifications listed in HF-300.2 for aluminum castings.

(b) External appurtenances such as cast or welded
headers and other miscellaneous pressure parts shall
be manufactured from materials permitted under Part
HF-203. The design pressure for these pressure parts
for which the strength cannot be computed shall be estab-
lished in accordance with HG-500.

(c) Maximum allowable water temperature is
250°F (120°C).

HA-201 WORKMANSHIP, FINISH, AND REPAIR

(a) The surface of the casting shall conform substan-
tially to the dimensions on drawings or to the dimensions
predicated by the pattern, and be free from injurious
defects. The surface of the casting shall be free from
burnt-on sand and shall be reasonably smooth:\Risers,
fins, and projections used to facilitate the,making of
the casting shall be removed. In other,respects, they
shall conform to whatever requirementsmay be specially
agreed upon between the Manufacturer and shop assem-
bler when the shop assembler is'separate from the
Manufacturer.

(b) Seepage about chaplets;-and minor leakage defects,
may be repaired by plugging, impregnation, or welding as
directed in the following:

(1) Provided thesurrounding metalis sound, aminor
leak may be pluggedwith a solid aluminum, brass, or stain-
less steel tapered thread pipe plug. The maximum size of
the pipe plagsshall be NPS 1 (DN 25) and there shall be no
less than four full standard pipe threads in the section
metal\(see Table HC-214).

{2) Impregnation may be used to correct seepage
teaks in aluminum alloy castings under the following
conditions:

(-a) Limitations of the extent and frequency of
impregnation shall be as approved in the
Manufacturer’s written quality control system.

.h) Impraanatod cactinac chall bo ymarlod in o
HRpFreg a—caS £5-Sha—Be-hRdrkeath—=

documented in the shop assembler’s QC manual when
the shop assembler is separate from the"Manufacturer.

(-c) Control of the impregnatien\process shall be
addressed in the Manufacturer’s QC«manual.

(-d) The impregnation material shall meet the re-
quirements of Class 1 matérial as defined in
MIL-I-17563C.*°

(-e) Impregnationshall be accomplished in accor-
dance with MIL-STD-276:*

(-f) Welding'shall not be performed on castings
after impregnatjen!

(-g) TheManufacturer shall hydrostatically test
each castifigyper HA-406 after impregnation.

(3)ACastings may be repaired by welding only as
approved in the Manufacturer’s and shop assemblers
writtén quality control system.

(-a) Limitations on the extent and frequency of
such repairs, and methods of inspection of repaired
areas shall also be covered in the written quality
control system.

(-b) The welding procedure and welders shall be
qualified in accordance with Section IX.

(-c) Control of the welding process shall be
addressed in the quality control manual.

(-d) Welding shall not be performed after
impregnation.

HA-202 EXAMINATIONS AND TESTS

The Manufacturer shall be responsible for all examina-
tions and tests. When requested by a shop assembler, the
Manufacturer shall agree to permit a representative of the
shop assembler to have entry, at the time while work
under the contract of the shop assembler is being
performed, to all parts of the Manufacturer’s works
that concern the castings manufactured to the require-
ments of this Article. All examinations and tests shall
be made at the place of manufacture prior to shipment,
unless otherwise specified and shall be so conducted as
not to interfere unnecessarily with the operation of the
works.

%7 rete
way that is approved in the Manufacturer’s written
quality control system. The method of marking shall be
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HA-203 TEST RECORDS

The Manufacturer shall record and retain all test results

required by this Article for a period of atleast 1 yr. The test
results shall be readily identifiable with the casting repre-
sented by the test results.
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ARTICLE 3
DESIGN

HA-300 MAXIMUM ALLOWABLE STRESS
VALUES

(a) Section II, Part D, Table 6B gives the maximum
allowable stress values in tension for aluminum castings.

(b) Stress values in Section I, Part D, Table 6B shall be
used in calculations employing the available formulas in
Part HG when applicable to the geometry of the boiler or
boiler parts. Where the design pressure cannot be calcu-
lated under the available formulas, then the design pres-
sure of the part in question shall be established in
accordance with the provisions of HA-400.

HA-301 HEADS AND SPHERICALLY SHAPED
COVERS

Circular spherically dished heads with bolting flanges,
concave to the pressure and conforming to the several
types illustrated in Figure HC-311 shall be designed-in
accordance with HC-311 and HC-311.1.

HA-302 OPENINGS AND REINFORCEMENTS

(a) The dimensional requirements in HG:320 through
HG-328 are applicable to aluminum and:shall be used in
the design of openings and reinforcements in boilers and
boiler parts.

(b) Cast flanges, nozzles, and.opening reinforcements
that enter into design calculations of the completed boiler
or boiler part shall be gastiintegrally with the boiler or
boiler part.

(c) Core holes.innaluminum alloy castings may be
plugged with €lectrochemically compatible push-in
sealing caps under the following conditions:

(1) The sealing caps shall only be used to plug holes
required.for the manufacturing process, such as core sand
removall They shall not be used for repair.

{2) The dimensions of the plug and mating hole shall
conform to manufacturers’ standards or such published
standards as DIN 443.

(3) Proof testing to establish design pressure is
required and shall comply with HA-402.

(4) The shop assembler shall hydrostatically test

(1) The welded plugs may only be usedto®plug holes
required for the manufacturing process, stuchas core sand
removal. They shall not be used for repair.

(2) Proof testing to establish\design pressure is
required and shall comply with- HA4402.

(3) The shop assemblerishall hydrostatically test
each casting per HA-406.

HA-303 CORNERS AND FILLETS

(a) A liberal tadius shall be provided at projecting
edges and reentrant corners, and the juncture of non-
load-bearing heat transmitting fins and pins where
they cofinect to the body of the casting, in accordance
withegood foundry practice. Abrupt changes in surface
contour and in wall thickness atjunctures shall be avoided.

(b) Fillets and transition sections between adjacent
main pressure containment walls or integral attachments
thereto, such as nozzles, lugs, supports, flanges, and
bosses, shall have radii or the equivalent not less than
one-half times the thickness of the thinner of the sections
being joined.

HA-304 WASHOUT OPENINGS

All cast aluminum hot water boilers shall be provided
with washout openings to permit the removal of any sedi-
ment that may accumulate therein. Washout plugs shall
not be smaller than NPS 1% (DN 40) for boilers having a
gross internal volume more than 5 ft® (142 L). Washout
plugs shall not be smaller than NPS 1 (DN 25) for boilers
having gross internal volumes from 2.0 ft* (57 L) through
5.0 ft> (142 L). Washout plugs shall not be smaller than
NPS %, (DN 20) for boilers having gross internal volumes
less than 2.0 ft* (57 L). 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.

HA-305 ASSEMBLY METHOD

Castaluminum boilers may be assembled using internal
connections, such as electrochemically compatible
metallic push nipples, grommet seals, or external connec-

Cdl.}l L,aatius Pl IIA'“‘R‘GU.

(d) Core holes in aluminum alloy castings may be
plugged by welded patches made of the same material
as the castings under the following conditions:
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tions such as cast headers or threaded pipe headers. The
complete boiler shall satisfactorily pass the hydrostatic
test prescribed in HA-406.
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ARTICLE 4
TESTS

HA-400 TESTS TO ESTABLISH DESIGN
PRESSURE

HA-401 General

(a) The design pressure for a boiler or boiler parts for
which the strength cannot be computed shall be estab-
lished in accordance with the requirements of this para-
graph using the following test procedure.

(b) Safety of testing personnel should be given serious
consideration when conducting the bursting tests in
HA-402.

HA-401.1 Purpose for Which Tests May Be Used.
The tests in these paragraphs may be used for the purpose
of establishing the design pressure of those parts or
component parts for which the thickness cannot be deter-
mined by means of design rules given in this Section.
Design changes shall also require a retest. The
maximum allowable working pressure of all other
elements or component parts shall not be greater than
that determined by means of the applicable designfrules.

HA-401.2 Frequency of Tests. The tests performed
in HA-401.1 shall be repeated within every 5-year period.
This testing period may be extended whengparts are inter-
mittently produced, in which case the"tests shall be
performed at the time of or before the first production
run after the 5-year period»All requirements of
HA-403 shall be met.

HA-402 Bursting Test.Procedure

(a) The design pressure of any component part tested
by this method shall'be established by a hydrostatic test to
failure by rupture of a full-size sample of such pressure
part. As an@lteéTnative, the hydrostatic test may be stopped
when the\test pressure reaches a value that will, by the
formula-in (b), justify the design pressure.

(b)/ The design pressure of any component part deter-
mined by this method shall be based on hydrostatically
testing three representative boilers or boiler parts. The
lowest value of Py obtained shall be used in determining
the value of Py in the following formula:

Pg S S,
PR = = =2
S SgorS, S1
where
Pp = test pressure per (a), psi (KRa)
Pr = design pressure, psi (kPa)
S = specified minimum tensile strength, psi (kPa)
S1 = maximum allowable ‘stress at room temperature,
psi (kPa)
S, = maximum allowable strength at design tempera-
ture, psi (kKPa)
S, = average actual tensile strength of test specimens,
psi (KPa)
Sn = maximum tensile strength of range of specimens,
psi‘(kPa)

HA-403 Test Gages

(a) Anindicating gage shall be connected directly to the
vessel. 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 vessels,
it is recommended that a recording gage be used in addi-
tion 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% or more than 4 times that pressure. Digital
reading pressure gages having a wider range of pressure
may be used provided the readings give the same or
greater degree of accuracy as obtained with dial pressure
gages.

(c) All gages shall be calibrated against a standard
deadweight tester or a calibrated master gage. Gages
shall be recalibrated at any time that there is reason
to believe that they are in error.

122



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

(23) HA-404 Witnessing, Recording, and Certifying

Tests

HA-406.2 Required Test Pressure. In making
hydrostatic pressure tests, the pressure shall be under

Test to establish the design pressure of a boiler or boiler
parts shall be witnessed by a Certified Individual. See
HA-502.12. These bursting tests shall be recorded on
the Manufacturer’s Master Data Report Form, Form
H-5A. The designated responsible engineering head of
the Manufacturer shall certify the completed
Manufacturer’s Master Data Report Form by signature
or some other method. These Manufacturer’s Master
Data Reports shall be kept on file by the Manufacturer
as a matter of record.

Requirements for completing multiple pages of
Manufacturer’s Data Report Forms are shown in
Mandatory Appendix 4.

HA-405 Rating of Production Boilers Based on
Tests

All boilers or boiler parts of the same material, design,
and construction, whose design pressures are based on a
test to destruction of a sample boiler or boiler part in
accordance with HA-402, shall be considered to have
design pressures equal to the maximum allowable
working pressure thus determined and shall be subjected
to a hydrostatic test pressure in conformity with rules of
HA-406.

HA-406 Hydrostatic Test

All completed boilers or boiler parts shall satisfactorily
pass the hydrostatic test prescribed in this paragraph.

HA-406.1 Hot Water Boilers.

(a) Hot water heating boilers miarked for maximum
allowable working pressures nat)over 30 psi (200 kPa)
shall have each individual section or boiler part subjected
to a hydrostatic test of notless than 60 psi (400 kPa) at the
shop where made.

(b) Hot water heating boilers marked for maximum
allowable working*pressures over 30 psi (200 kPa)
shall have eachrindividual section or boiler part subjected
to a hydrostatictest of 2% times the maximum allowable
working/pressure at the shop where made.

(c) <Thé assembled boiler shall be subjected to a hydro-
static.test pressure not less than 1%, times the maximum
allowable working pressure.

(1) Castaluminum monoblock boilers, boilers with a
single section design that do not require additional
machining or assembly, do not require a second hydro-
static test at 1%/, times the maximum allowable
working pressure.

el rntraldhatin-a acachallthaoxraa dtactn PEEPN
St tohtrortaac i O €aSe- St ae reqrea €St preSSure

be exceeded by more than 10 psi (70 kPa).

HA-407 Pneumatic Tests

As an alternative to the hydrostatic test required. in
HA-406.1(c), castaluminum boilers may be pneumatically
tested, provided the following requirements ar€,met:

(a) The use of pneumatic testing in lieu ¢f-hydrostatic
testing shall be documented in the qualitycontrol system.

(b) Maximum material thickness-of\any component
part shall not exceed % in. (12.7 nim).

(c) When the boiler is under‘pneumatic pressure
testing, its calculated potentialv€nergy, E, shall be less
than 1,000 ft-1b (1 356 ]).

E=CXEyX'V[l — (Pa/Pat)]0.286
where
C = constant, 360 in.?/ft*> (2 500 Pa/kPa)
E = stored energy, ft-1b (J)

P, =\absolute atmospheric pressure, 14.7 psia (101
kPa)
P, = absolute test pressure, psia (kPa)
V = total volume under test pressure, ft> (m®)

NOTE: V includes the volume of the vessel and any
connected volume 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
energy of the vessel.

(g9) Therequired testpressure shall be the greater of 38
psi (262 kPa) or 1.1 times the MAWP.

(h) Overpressure relief protection shall be provided.
The set pressure of a pressure relief valve shall not
exceed the greater of the following:

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

(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.

(i) The pneumatic test method shall be immersed
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 a minimum of 6 in. (150 mm)

below the surface of the nrafnr' and-the water shall

(-a) Any additional machining, shot blasting, or
grinding after the hydrostatic test will require testing
at 1% times the maximum allowable working pressure.
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(3) Before the holding period, the immersed boiler (5) After the holding period, and during the visual
shall be rotated a minimum of 180 deg around alateral axis inspection, the immersed boiler shall be rotated a
to release nny h‘apr\nﬂ 21r minimum of 180 Hng around a lateral avig tgo pnrmif

(4) After the holding period, the pressure may be easy visual detection of any leakage.
reduced to the MAWP, but not less than 38 psi (262 (6) Any evidence of air leaking from the vessel will
kPa), and maintained at this pressure while a thorough indicate failure of the pneumatic pressure test.
visual inspection for leakage is made with the boiler
submerged in water.
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ARTICLE 5
QUALITY CONTROL AND INSPECTION

HA-501 GENERAL
HA-501.1 Quality Control System. Any

Manufacturer®® or Shop Assembler holding or applying
for a Certificate of Authorization shall demonstrate a
quality control program that meets the requirements
of ASME CA-1 and establishes that all Code requirements,
including material, design, testing, fabrication, examina-
tion, and inspection (by the Manufacturer and shop assem-
bler) shall be met.

Providing that Code requirements are suitably identi-
fied, the system may include provisions for satisfying any
requirements by the Manufacturer or shop assembler or
user that exceed minimum Code requirements and may
also include provision for quality control of non-Code
work. In such systems, the Manufacturer or shop assem-
bler may make changes in parts of the system, which do
not affect the Code requirements.

The system that the Manufacturer or shop assemblér
uses to meet the requirements of this Section must‘be
one suitable for his own circumstances. The negessary
scope and detail of the system shall dependiupon the
complexity of the work performed and the size and
complexity of the organization. A written ‘description
of the system the Manufacturer or shop, assembler will
use to produce a Code item shalllbe available for
review. Depending upon the circumstances, the descrip-
tion may be brief or voluminots:

The written description may contain information of a
proprietary nature relating.to the Manufacturer’s or shop
assembler’s processes."Therefore, the Code does not
require any distribution of this information, except to
the ASME Designge, as covered by HA-502.11.3. It is
intended that_ihformation learned about the quality
control system in connection with evaluation will be
treated.as confidential.

HA=502 OUTLINE OF FEATURES TO BE
INCLUDED IN THE WRITTEN
DESCRIPTION OF THE QUALITY
CONTROL SYSTEM

The following is a guide to some of the features that

HA-502.1 Product or Work Description. The
quality control system shall contain a brief description
of the products the Manufacturer wishes to fabricate
under the Code or the work th€ shop assembler
wishes to accomplish under the Code.

HA-502.2 Authority-and Responsibility. The
authority and responsibility of those in charge of the
quality control shall be’clearly established. Persons
performing quality control functions shall have sufficient
and well-defined nesponsibility, the authority, and the
organizational~freedom to identify quality control prob-
lems and to.jnitiate, recommend, and provide solutions.

HA-502.3 Organization. An organization chart
showing the relationship between management and engi-
neering, purchasing, manufacturing, inspection and
quality control is required to reflect the actual organiza-
tion. The purpose of this chart is to identify and associate
the various organizational groups with the particular
function for which they are responsible. The Code does
not intend to encroach on the Manufacturer’s or shop
assembler’s right to establish and, from time to time,
alter whatever form of organization the Manufacturer
or shop assembler considers appropriate for his Code
work.

HA-502.4 Drawings, Design Calculations, Test
Results, and Specification Control. The
Manufacturer’s or shop assembler’s quality control
system shall provide procedures that will insure that
the latest applicable drawings, design calculations, test
results, specifications, and instructions required by the
Code, as well as authorized changes, are used for manu-
facture, assembly, examination, inspection, and testing.

HA-502.5 Material Control. The Manufacturer or
shop assembler shall include a system that requires veri-
fication that the material meets the requirements of
Part HA, Article 2. The system shall assure that only
the intended material is used in Code construction.

HA-502.6 Examination Program. The
Manufacturer’s or shop assembler’s quality control
system shall describe the bursting test procedure and

should be covered in the written description of the
quality control system.
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which stages specific examinations are to be performed.
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HA-502.7 Correction of Nonconformities. There
shall be a system for correction of nonconformities. A
BB Bfarmibrie—aaiL B-ditian—that d Bk Baalax
retrreonformityisanyconditdonthat-deesneotecomply
with the applicable rules of this Section.
Nonconformities must be corrected or eliminated
before the completed component can be considered to

comply with this Section.

HA-502.8 Calibration of Measurement and Test
Equipment. The Manufacturer or shop assembler shall
have a system for calibration of all equipment used for
examination, measuring, and testing to fulfill the require-
ments of this Section.

HA-502.9 Sample Forms. The forms used in the
quality control system and any detailed procedures for
their use shall be available for review. The written descrip-
tion shall make necessary references to these forms. The
forms exhibited shall be marked “Sample” and completed
in a manner typical of actual production and test
procedures.

HA-502.10 Retention of Records and
Certifications.

HA-502.10.1 Retention of Records. The
Manufacturer or shop assembler shall have a system
for retaining the Manufacturer’s Master Data Reports
for a minimum of 15 yr.

HA-502.10.2 Certifications. Methods other thafi
written signature may be used for indicating certifications,
authorizations, and approval where allowed and’as
described elsewhere in this Section. WhereJother
methods are employed, controls and safeguards shall
be provided and described to ensure thelintegrity of
the certification, authorization, and apptoval.

HA-502.11 ASME Designee.

HA-502.11.1 The written description of the quality
control system shall include reference to the ASME
Designee.

HA-502.11.2 ;The Manufacturer or shop assembler
shall make available to the ASME Designee a controlled
copy of the wriitten description of the quality control
system.

HA-502.11.3 The Manufacturer’s or shop assem-
bler’s/quality control system shall provide for the ASME
Designee to have access to all drawings, calculations,
Specifications, procedures, process sheets, repair proce-
dures, records, test results, and any other documents as
necessary for the ASME Designee to perform his review in

of such documents or by providing copies to the ASME
designee.

HA-502.12 Certified Individual (CI). A Certified
Individual shall provide oversight of the activities that
affect the proper utilization and application of the
Certification Mark with H designator on cast aluminum
sections as outlined in Part HA.

HA-502.12.1 Requirements for a Certified
Individual (Cl). A Certified Individual shall
(a) be qualified in accordance with ASME CA<1
(b) have the following qualifications as a‘minimum:
(1) knowledge of the requirements,of Parts HG, HC,
and HA
(2) knowledge of the Manufacturer or shop assem-
bler’s quality control system
(3) training commensyupate with the scope,
complexity, or special nature of the activities to which
oversight is provided
(c) have a record;"maintained and certified by the
Manufacturer or shop”assembler, containing objective
evidence of the\qualifications and training of the CI
meeting the cufrent requirements of ASME QAI-1
(d) not be.directly involved in the production of cast
aluminum™sections for which he is performing the
dutieS listed in HA-502.12.2

HA-502.12.2 Duties of a Certified Individual
(ClI). A Certified Individual (CI) shall

(a) witness tests to determine the design pressure of
boiler or boiler part as outlined in HA-404.

(b) verify that cast aluminum sections marked with the
Certification Mark with H designator shall have a current
Manufacturer’s Master Data Report. Form H-5A shall be
used.

(c) review the tensile and chemical composition tests
records, verifying that they meet the requirements of
Section II, Part D, Table 6B.

(d) review documentation to verify that cast aluminum
sections marked with the Certification Mark with H desig-
nator have been hydrostatically tested as required by
HA-406.

(e) verify that the application of the nameplates, with
the Certification Mark with H designator, meets the re-
quirements of HG-530.2.

(f) sign the Certificates of Conformance as outlined in
HA-504.

HA-503 EXAMINATION

Examination of each boiler or part shall be in compli-
ance with Article 2 of Part HA. Hydrostatic tests shall be
conducted as required in HA-406 by the Manufacturer or

(23)

accordance with this Section. The Manufacturer or shop
assembler may provide such access either to his own files
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HA-504 CERTIFICATES OF CONFORMANCE

Cast aluminum boiler sections marked with the

and the Certified Individual may be by signature or
some other method of control in accordance with the

Certification Mark with H designator shall be recorded
on Certificates of Conformance as follows:

(a) A Certificate of Conformance Form HA-1 listing the
pattern number, cast date, and quantity of castings
marked with the Certification Mark with H designator
shall be filled out and certified by a representative of
the Manufacturer and certified by a Certified
Individual. Certification by the representative of the
Manufacturer and the Certified Individual may be by
signature or some other method of control in accordance
with the Manufacturer’s Quality Control System.

(1) Multiple cast aluminum boiler sections may be
recorded on the same HA-1 form.

(2) Castings with the same casting date may be
recorded on the same line.

(b) A Certificate of Conformance Form HA-2 listing the
pattern number, MAWP, hydrostatic test pressure, and
quantity of cast aluminum sections that have satisfactorily
passed the hydrostatic test required in HA-406 shall be
filled out and certified by a representative of the
Manufacturer and certified by a Certified Individual.
Certification by the representative of the Manufacturer

Manufacturer's Qna]if‘y Control chfnm

Multiple castaluminum boiler sections may be recorded
on the same HA-2 form.

(c) A Certificate of Conformance Form HA-3 listing the
nameplate, with the Certification Mark with H designatadr,
part number, quantity applied, boiler model number,cand
date applied shall be filled out and signed by a represen-
tative of the Manufacturer or shop assembler, and signed
by a Certified Individual.

Multiple nameplates may be recorded on the same HA-3
form.

(d) The Manufacturer’s or shop, a@ssembler’s written
quality control program shall include requirements for
completion of the Certificates ‘0f €Conformance and reten-
tion by the Manufacturéryor shop assembler for a
minimum of 5 yr.

(e) The representative of the Manufacturer or shop
assembler and the €ertified Individual above shall not
be the same person.

(f) Requirvements for completing Certificate of
Complianée Forms are shown in Mandatory Appendix 4.
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PART HLW

REQUIREMENTS FOR POTABLE-WATER
HEATERS

INTRODUCTION

The following is a brief introduction to Part HLW. It is
general in nature, and should not be considered as a
substitute for actual review of appropriate articles of
the document. However, this will give the user a better
understanding of the purpose, requirements, and
intent of Part HLW.

Part HLW applies to water heaters and storage tanks in
commercial or industrial sizes providing corrosion resis-
tance for supplying potable hot water for commercial
purposes at pressures not exceeding 160 psig (1100
kPa) and temperatures not exceeding 210°F (99°C).

Part HLW does not apply to residential size water
heaters, which are excluded by provisions of HLW-101:

Differences in applicable criteria for water heaters
versus hot water heating and hot water supply boilers
are as follows:

(a) In a water heater, the temperature of theé water is
limited to a maximum of 210°F (99°C).

(b) A water heater is provided with-a\Corrosion resis-
tant lining or constructed with:corrosion resistant
materials.

(c) A water heater is intended to supply potable hot
water with all makeup from a potable water supply
system. Vessels built under the rules of Part HLW may
be used for storage of\potable water.

The following is"a brief outline of the contents of each
Article of Part HLW.

ARTICLE’1 — GENERAL

Thescope of Part HLW is given, and the service restric-
tien.and exemption are stated.

ARTICLE 2 — MATERIALS

The material requirements for the linings permitted are

abstracting those requirements that were considered
to be those essential forithe applications covered by
these rules.

ARTICLE 3= DESIGN

The design criteria for water heaters is given in this
Article The'pressure is specified as a maximum allowable
working-pressure of 160 psi (1100 kPa) with a minimum
of Q0 psi (700 kPa). The maximum water temperature
permitted is 210°F (99°C).

The maximum allowable working pressure of the water
heater shall be established in accordance with the proof
test provision of HLW-500. As an alternative, stress values
in Section II, Part D, Table 6C may be used in calculations
employing the available formulas when applicable to the
geometry of the lined water heater or parts.

ARTICLE 4 — WELDMENTS

The provisions for weldment joint design are similar to
those given elsewhere in this Section and in Section VIII,
Division 1. In addition, some acceptable joint designs are
provided that have been commonly used in the construc-
tion of water heaters and have provided satisfactory
service performance.

ARTICLE 5 — TESTS

Proof test procedure is delineated for establishing
the maximum allowable working pressure of a water
heater or parts, and this test is required to be witnessed
and accepted by the Authorized Inspector. The
Manufacturer’s Master Data Proof Test Report for
Lined Water Heaters shall be certified by the designated
responsible engineering head of the Manufacturer and the

Speciiied as well as the [Tning thickness requirements. The
material requirements specified for the lining materials
were, in general, taken from existing standards by
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ARTICLE 6 — INSPECTION AND MARKING

Inspection and marking requirements for water heaters

suitable primary safety controls, safety limit switches,
burners, or electric elements as appropriate and as

are given. The Certification Mark with HLW designator is
provided for water heaters made in accordance with
Part HLW.

ARTICLE 7 — CONTROLS

Each water heater is required to have an operating
control and a separate high-limit temperature-actuated
control that shuts off the fuel supply in case of operating
control failure. Water heaters should be equipped with

rnqnirnﬂ l‘\y a nafir\nn”y rnr‘ngnivnﬂ standard

Examples of these nationally recognized standards are
listed.

ARTICLE 8 — INSTALLATION

Some acceptable piping installations are shiown.
Provisions for the installation of pressure relief\walves
and other valves are given.
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ARTICLE 1
GENERAL

HLW-100 SCOPE

(a) The rules in Part HLW apply to water heaters and
water storage tanks with corrosion resistance for
supplying potable hot water. The Foreword provides
the basis for these rules. Part HLW is not intended to
apply to hot water heating boilers, hot water supply
boilers, or water storage tanks without corrosion
resistance.

(b) This Part contains mandatory requirements, specif-
ic prohibitions, and nonmandatory guidance for materials,
designs, fabrication, examination, inspection, testing,
certification, and overpressure protection.

(c) Laws or regulations issued by a municipality, state,
provincial, federal, or other enforcement or regulatory
body having jurisdiction at the location of an installation,
establish the mandatory applicability of these rules, in
whole or in part.

HLW-101 SERVICE LIMITS

(a) The rules of Part HLW apply to
(1) potable water heaters that exceed an input
greater than 200,000 Btu/hr (60 kW) or.a{nominal
water-containing capacity of 120 gal (450 L)
(2) potable water storage tanks-with a nominal
water-containing capacity of 120 gal (450 L) or greater
(b) The rules of Part HLW apply’to potable water
heaters and water storage tanks'designed for pressures
not exceeding 160 psi (1 100-kPa) or water temperatures
not exceeding 210°F (99°C):

HLW-102 PERMISSIBLE MARKING

Any water heater or storage tank that meets all of the
requirements of Part HLW, including those for inspection,
may be marked with the Code HLW Symbol even though
exempted\ from such marking.

HLW-103 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,

In general, it is expected that a single systentCef-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, geheral design, the
local units may be used for the desigh.dnd documentation
of that component. Similarly, fofproprietary 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 fof UJ.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
shall be converted to U.S. Customary or SI units for use in
these equations. The result obtained from execution of
these equations may be converted to other units.

Production, measurement and test equipment, draw-
ings, welding procedure specifications, welding proce-
dure and performance qualifications, and other
fabrication documents may be in U.S. Customary, SI, or
local customary units in accordance with the fabricator’s
practice. When values shown in calculations and analysis,
fabrication documents, or measurement and test 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 verifica-

examination, inspection, testing, certification, and over-
pressure protection).
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fion and acceptance by the Authorized INSpector or
Certified Individual.
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Material that has been manufactured and certified to
either the U.S. Customary or SI material specification

All entries on a Manufacturer’s Data Report and data for
Code required nameplate marking shall be in units consis-

tent with the fabrication Hrauringc for the rnmpnnnnf

fn a

\Y o7
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.

QA-'—'\"IA]\/I) may be used rngarr”ncc of the unit

using U.S. Customary, SI, or local customary units. It is
acceptable to show alternate units parenthetically.
Users of this Code are cautioned that the receiving
Jurisdiction should be contacted to ensure the units
are acceptable.
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ARTICLE 2
MATERIAL REQUIREMENTS

(23) HLW-200 LINING

(a) Glass Linings. Glass lining shall be of an analysis
intended for use in hot water service and the
minimum average thickness shall be 0.005
in. (0.13 mm). The walls, ends, and other parts that
are of steel and are glass lined shall be of a quality
that is suitable for glass lining by the manufacturer’s
glass lining process. Glass lining may be applied to
parts before assembly. The surfaces of the water
heater vessel that are exposed to hot water shall have
a coating with a minimum number of discontinuities,
and the discontinuities shall average not more than
Ysin.?/ft* (8 cm?/m?) of internal surface excluding
edges and fittings. Thinning at corners may not extend
over Y, in. (6 mm) from the edge.

(b) Galvanized Coatings. The galvanized coating shall
be based upon at least 1 oz of zinc/ft? (3 gal/m?) of
surface based upon mathematical calculations corre-
sponding to a coating thickness of 0.0017
in. (0.043 mm). The weight of the zinc coating shall:be
determined by weighing the water heater before galya-
nizing and again after the coating is applied.

The zinc used for coating shall conform to<ASTM B6,
Specification for Zinc (Slab Zinc) and shall\be at least
equal to the grade designated as “PrimeWestern.” The
aluminum content of the bath during actual galvanizing
operations shall not exceed 0.01%:“The galvanizer shall
not damage the material by qvetpickling or by the use
of excessively high temperature.in pickling or galvanizing.

(c) Cement Linings. For cement-lined water heaters, the
cementshall be applied.toprovide a minimum thickness of
%, in. (5 mm). The lining shall be properly cured, adhere
firmly to, and complétely cover the interior of the vessel.
The joints at the tpp of the water heater shall be sealed to
prevent corresion in back of the lining. The water absorp-
tion of thelining material shall not be more than 17% of
the dry weight of the test specimen. The calcium oxide
content shall not exceed 35%. The silicon content shall
notbe less than 25%.

(d) Copper Linings. The material used for lining may be
any copper of weldable or brazeable quality with a
minimum thickness of 0.005 in. (0.13 mm). Lining attach-

(e) Fluorocarbon Polymer Linings. Fluongeatrbon
polymer linings shall be of an analysis intended for use
in potable hot water service, and the minimunt thickness
shall be 0.003 in. (0.075 mm). The liningshall be cured ata
temperature and for a length of time Suitable to assure
continuity of lining and elimination of solvents. The
water absorption rate of the cured lining shall be less
than 2% by the method,specified in ASTM D570.
Surfaces to be fluorocatbon polymer-lined shall be
cleaned to remove all scale, oxidation, oil, etc., prior to
application of the\lining. Interior surfaces may be
coated with elettroless nickel prior to lining. Flue
tubes may bel{¢overed with a minimum thickness of
0.006 in. (0¢15,mm) of sheet copper prior to the applica-
tion of the-fluorocarbon polymer lining.

(f) ~Amine or Polyamine Epoxy Linings

(1) Amine or polyamine epoxy linings shall be of an
aralysis intended for use in potable hot water service, and
the minimum thickness shall be 0.003 in. (0.075 mm). The
lining shall be cured at a temperature and for a length of
time suitable to assure continuity of lining and elimination
of solvents. The water absorption rate of the cured lining
shall be less than 2% by the method specified in ASTM
D570. Surfaces to be epoxy lined shall be cleaned to
remove all scale, oxidation, oil, etc., prior to application
of the lining.

(2) Theuseofamine or polyamine epoxy linings shall
be limited to electric water heaters with immersion type
elements, storage tanks, and those surfaces of fired water
heaters that are not directly heated by the products of
combustion.

(g) Thermally Sprayed Metallic Linings. The material
used for linings shall be any copper or copper alloy of
sprayable quality. Prior to coating, the interior surfaces
of the vessel or vessel parts shall be cleaned by grit
blasting. The minimum lining thickness shall be 0.005
in. (0.13 mm). The process shall be controlled to
ensure that the temperature of the surface being
coated does not exceed 650°F (340°C).

(h) Polymeric, Flexible Linings. Materials used shall be
listed by National Sanitation Foundation International
(NSFI) as meeting the requirements of the Standard
ANSI/NSF 14 for potable water service at a minimum

nrents—tosteetbacking by wetdingor brazingshattbe-in
accordance with Section IX.
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boiling water immersion test specified in ASTM D570. No
reground material shall be used.

verify that it is free of discontinuities. Documentation of
the basis of the temperature and time used and records of

The minimum thickness of the ]ining shall be

0.020 in. (0.50 mm). The interior surfaces of the vessel
shall be free of projections or discontinuities that
exceed one-half the thickness of the fabricated liner.
The installed liner shall be in contact with all interior
surfaces of the vessel and free of folds or cracks after
the hydrostatic test of HLW-505. The design shall be
such that:

(1) all transition parts, such as needed at vessel
openings, shall be of compatible materials

(2) transition parts shall be designed so that any
required brazing or welding of subsequent connections,
if required, shall not damage the lining

(i) Autocatalytic (Electroless) Nickel-Phosphorus
Linings. The composition shall be of an analysis suitable
for use in potable hot water service. It shall conform to
ASTM B733-90 SC3, Type 1, Class 1. The application shall
be after all welding. The minimum thickness shall be
0.0003in. (0.0075 mm). All surfaces to be lined shall
be free of oxides, oil or other contaminants. The phos-
phorus content of the bath shall be at least 9%, but
not over 13%. Following application, the vessel shall
be drained and thoroughly rinsed with water.

(j) Polyamide Polymer Linings. Polyamide polymer
linings shall be of an analysis intended for use in
potable hot water service. The minimum applied thickness
shall be 0.008 in. (0.2 mm). If a primer is used, the prinrer
shall also be of an analysis intended for use in potable’hot
water systems.

(1) Surfaces to be polyamide polymer lined-shall be
cleaned to remove all scale, oxidation, oil,-éte., prior to
application of the lining.

(2) The lining shall be baked at a metal temperature
and time consistent with the coating manufacturer’s
recommendation.

(3) The absorption rate of the finished lining shall be
less than 3% by the method specified in ASTM D570.

(4) The use of polyamide polymer linings shall be
limited to those surfaces that are not directly heated
by products of combustion.

(k) Baked Phenolic Linings. Baked phenolic linings shall
be of an analysis intended for use in potable hot water
service, and/the minimum thickness shall be 0.004 in.
(0.1 mm)-If multiple coats are used, each intermediate
coat ‘shall be cured at a minimum metal temperature
0f250°F (120°C) for alength of time suitable to sufficiently
harden the coat for further processing.

(1) Surfaces to be phenolic lined shall be cleaned to
remove all scale, oxidation, oil, etc., before application of
the lining.

(2) For final coated surfaces, the lining shall be cured

the incpnrh'nn shall be available to the Incpnr‘fnr

(3) The absorption rate of the cured lining shall be
less than 2% by the method specified in ASTM D570.

HLW-201 PRIMARY PRESSURE PARTS
MATERIAL

(a) Materials other than those described hetein may
not be used unless approved by theCBoiler and
Pressure Vessel Committee in accordarce with Section
II, Part D, Mandatory Appendix 5. The materials used
for shells, heads, flues, headers, on tubes shall conform
to one of the specifications Jlisted in Section II and
shall be limited to those listed in Section II, Part D,
Tables 6B, 6C, and 6D. For-plate material, a certificate
of compliance or a material test report is required to
verify that the chemical and mechanical properties are
within the permissible range listed in Section II.
Material in all ‘other product forms shall be accepted
as complying with its Section II specification when
marked aS<equired by (c) below. Material test reports
shall bédfurnished by the mill of origin, except that any
matérial that has lost its identification with a Section II
speeification, or that is ordered in small quantities,
may be accepted, provided that it satisfies the provisions
of HLW-202.

(b) If a welded assembly is furnished as a part to the
Manufacturer of the completed water heater vessel, a
Manufacturer’s Partial Data Report for Water Heaters
and Storage Tanks Form HLW-7 shall be provided by
the parts Manufacturer. The parts Manufacturer shall
comply with all applicable requirements of Part HLW,
including inspection by an Authorized Inspector.

(c) The material in (a) above shall have the identifica-
tion marking required by the appropriate Section II spec-
ification. During subsequent steps in fabrication, a painted
color identification or some other method acceptable to
the Authorized Inspector shall be used for identification.
The method used shall remain distinguishable, or be reap-
plied until the part(s) are affixed in their proper location
on the water heater vessel, and until the material is part of
a uniquely identifiable subassembly.

(d) Laser-welded fin tubes meeting the requirements
of HF-204.4 may be used in the construction of water
heaters.

HLW-202 ACCEPTANCE OF UNIDENTIFIED OR
SMALL QUANTITIES OF MATERIAL

If the identification of materials required by
HLW-201(a) is unavailable, each piece of plate material,

atametal temperature of 400°F to 425°F (205°Cto 218°C)
for 60 min to 90 min. The manufacturer shall inspect the
lining to verify proper cure and minimum thickness and to
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the material is to be used. The material shall be subjected
to all required tests of the Section II specification. The

rating indicated. A certificate of compliance or a material
test report is not required.

manufacturer of the r‘nmp]nf‘nd vessel shall UnriFy that

the material complies with the designated specification.
Testing shall be as in HLW-202.1 and HLW-202.2.

HLW-202.1 Plate. The chemical check analysis and
physical tests shall be made as required in the designated
specification, with the following modification: 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 plate, and 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 specification requirements.

HLW-202.2 Tubes, Pipe, Rods, Bars, and Shapes.
Each length of tube, pipe, rod, bar, or shape shall be
subjected to a chemical check analysis and physical
tests to show that all the material is identified with a
given heat or heat treatment lot, and that the material
complies with the chemical and physical requirements
of the designated specification.

HLW-202.3 Marking and Test Report. When the
identity of material with a designated specification has
been established in accordance with HLW-202.1 or
HLW-202.2, each piece of material (except as alternatively
provided in the material specification for tubes, pipes,
rods, bars, or shapes) shall be marked or identified by
the manufacturer or the testing agency by any method
acceptable to the Authorized Inspector, giving the desig-
nated specification number and grade or type, and alserial
S-number identifying the particular lot of material. A
suitable test report shall be furnished, properly filled
out, and certified by the manufacturertor testing
agency. This report when accepted by the Authorized
Inspector shall constitute authority to use the material.

HLW-203 MISCELLANEQUS PRESSURE PARTS
MATERIAL

(a) Parts such as flanges, welding caps, welding necks,
manhole frames, ormanhole covers that are formed by
casting, forging,rolling, or die forming, shall not
require inspegtion, mill test reports, or Partial Data
Reports. Standard pressure parts that comply with
some ASME/standard'® shall be constructed from mate-
rials listed in the accepted ASME standard to which the
parits'are made. Standard pressure parts that comply with
aManufacturer’s standard'® shall be constructed from
materials permitted under Section II. Such parts shall
be marked with the name or trademark of the manufac-
turer. Such markings shall be considered as the manufac-

(h) Carbon-steel or cast iron prnccnrn part‘c of small

size, such as nozzles, internally threaded fittings, handhole
frames, or handhole covers, for which it is difficult or
impossible to obtain identified material, or that may be
stocked and for which material test reports or certificates
cannot be readily obtained, may be constructed from
Section II materials other than those listed in Section
11, Part D, Tables 6B, 6C, and 6D, provided they are suitable
for the application. These parts may be identifiédyin any
permanent or temporary manner acceptable to the
Authorized Inspector that will serve to.identify the
parts with the manufacturer’s written, listing. Marking
of each individual part is not required. The manufacturer
who certifies the completed vessel shall satisfy himself
that such parts are suitable fof thie welding, fabrication,
service, and test conditions of/its design. The use of such
parts shall be subject to the acceptance of the Authorized
Inspector.

HLW-204 FLANGES AND PIPE FITTINGS

The folloWwing standards covering flanges and pipe
fittings axe\acCceptable for use under Part HLW in accor-
dance with the requirements of HLW-203. Pressure-
tempé€rature ratings shall be per the appropriate
standard:

(a) ASME B16.5, Flanges and Flanged Fittings

(b) ASME B16.9, Factory-Made Wrought Steel
Buttwelding Fittings

(c) ASMEB16.11, Forged Steel Fittings, Socket-Welding
and Threaded

(d) ASME B16.15, Cast Bronze Threaded Fittings

(e) ASME B16.24, Bronze Pipe Flanges and Flanged
Fittings

(f) ASME B16.28, Wrought Steel Buttwelding Short
Radius Elbows and Returns

(g) ASME B16.42, Ductile Iron Pipe Flanges and
Flanged Fittings

HLW-205 NONPRESSURE PART MATERIAL

Material for nonpressure parts, such as baffles, fins,
external or internal hangers, supports, or insulating
rings, need not conform to the specifications for the mate-
rial to which they are attached or to a material specifica-
tion permitted in HLW-300 or HLW-301; 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-

r‘npfnhln for use in pressure parts of a vessel

TUTEr'S Certification that the product compiies with the
material specification and is suitable for service at the

134



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

ARTICLE 3
DESIGN

HLW-300 DESIGN

(a) Water heaters are limited to a maximum allowable
working pressure of 160 psi (1 100 kPa) and the maximum
water temperature shall be 210°F (99°C). The maximum
allowable working pressure for water heaters shall be not
less than 100 psi (700 kPa).

(b) The maximum allowable working pressure of the
water heater shall be established in accordance with the
proof test provision of HLW-500. As an alternative, stress
values in Section II, Part D, Table 6B, Table 6C, or Table 6D
may be used in calculations employing the available
formulas when applicable to the geometry of the water
heater or parts.

(c) The maximum allowable stress value in bending
shall be 1%, times that permitted in tension and the
maximum allowable stress value in compression shall
be two times that permitted in tension.

(d) The temperature used in design shall not be less
than the mean metal temperature (through the thickness)
expected under operating conditions for the parteonsid-
ered. If necessary, the metal temperature shall.be deter-
mined by computation using accepted heat transfer
procedures or by measurements fromxequipment in
service under equivalent operating conditions.
Pressure parts subject to direct radiation and/or the
products of combustion shall be designed to prevent
flame impingement.

(e) Water heaters may-be fired with oil, gas, or
electricity.

(f) Water heaters and tanks built under the rules of
Part HLW may be.provided with cathodic protection.

(g) Water heaters used for deionized water fabricated
of stainless steellisted in Section I, Part D, Table 6D may
be built tol Patt HLW provided the maximum thickness
does noft.exceed % in. (13 mm).

HLW-301 BASIS FOR ESTABLISHING STRESS
VALUES IN SECTION II, PART D,
TABLES 6C AND 6D

In the determination of allowable stress values for pres-
sure parts, the Committee is guided by successful experi-

known with reasonable certainty. In the gvaluation of
new materials, it is necessary to be guided to a certain
extent by the comparison of testdinformation with
similar data on successful applications of similar
materials.

At any temperature below the/reep range, the allow-
able stresses are established-at no higher than the lowest
of the following:

(a) Y, of the specified minimum tensile strength at
room temperature

(b) Y, of thetensile strength at temperature

(c) % of thie specified minimum yield strength at room
temperatute

(d) 3of the yield strength at temperature

Section II, Part D, Table 6D provides two sets of allow-
able stress values for each austenitic stainless steel mate-
rial listed. The higher values should be used only where
slightly greater deformation is not in itself objectionable.
The higher alternative allowable stresses are identified by
a note. These stresses exceed two-thirds for austenitic
stainless steel materials but do not exceed 90% of the
minimum yield at temperature. These higher stresses
are not recommended for the design of flanges and
other strain sensitive applications.

HLW-302 MINIMUM THICKNESSES

The minimum thickness of sheet or plate material used
for heads or shells in any lined or unlined water heater
vessel shall not be less than % in. (3 mm) except cylindrical
shells shall be not less than %;, in. (2.5 mm) when no
portion of the shell is used for heating surface.

HLW-303 SHELLS UNDER INTERNAL
PRESSURE

When the provisions of HLW-501 to HLW-504 are not
used, the thickness and the maximum allowable working
pressure of cylindrical shells, pipe, and headers shall be
determined in accordance with the following formulas:

_ PR
SE — 0.6P

ETICE IN SErvice, Insofar as evidence of satistactory
performance is available. Such evidence is considered
equivalent to test data where operating conditions are
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where

£

HLW-305.3 Torispherical Heads. When the provi-
sions of HLW-501 to HLW-504 are not used, the required

ol g d o o ot Sl ool o s arlaia g o 1
eI e SS—atrt—errC 1t TTOVWWaDTC W OT KIS pressurtc

tube holes, whichever is less. For welded joints, use
the efficiency specified in HLW-402. For seamless
shells, use E = 1.

P = maximum allowable working pressure, psi (kPa)
(but not less than 100 psi)

R = inside radius of cylinder, in. (mm)

S = maximum allowable stress value from Section I,
Part D, Table 6A, Table 6B, Table 6C, or Table
6D, psi (MPa)

t = required wall thickness, exclusive of liner, in.

HLW-305 BLANK UNSTAYED DISHED HEADS,
PRESSURE ON CONCAVE SIDE

HLW-305.1 General. When the provisions of
HLW-501 to HLW-504 are not used, the required thick-
ness at the thinnest point after forming of ellipsoidal and
torispherical heads under pressure on the concave side
(plus heads) shall be computed by the appropriate
formulas in this paragraph.

(a) Notations. The notations used in this paragraph are
defined as follows:

D

inside diameter of the head skirt; or inside length of
the major axis of an ellipsoidal head; or inside
diameter of a cone head at the point under consid-
eration, measured perpendicular to the longitudi-
nal axis, in. (mm)
lowest efficiency of any joint in the head;use the
efficiency specified in HLW-402. For'séamless
heads, use E = 1.
inside spherical or crown radius, ity (mm)
maximum allowable working pressure, psi (kPa)
[but not less than 100 psi (700’ kPa)]
maximum allowable stresstvalue from Section I,
Part D, Table 64, Table 6B, or Table 6C, psi (MPa)
t = required wall thickness; exclusive of liner, in. (mm)
HLW-305.2 Ellipsoidal Heads. When the provi-
sions of HLW-501t0/HLW-504 are not used, the required
thickness and the)maximum allowable working pressure
of a dished head of semiellipsoidal form, in which half the
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:

of a torispherical head shall be calculated by the following
formulas:

_ 0.885PL

"~ SE — 0.1P

SEt
0.88SL + 0.1t

HLW-305.4 Inside Crown Radius-of Unstayed
Heads. The inside crown radius to whith an unstayed
formed head is dished shall be not greater than the
outside diameter of the skirt of ‘th€ head. The inside
knuckle radius of a torispherical head shall be not less
than 6% of the outside dianteter of the skirt of the
head but in no case less than three times the head
thickness.

HLW-305.5 Hemispherical Heads. Because of the
complexity of j0int design, hemispherical heads are not
permitted.

HLW-306 BLANK UNSTAYED DISHED HEADS,
PRESSURE ON CONVEX SIDE

HLW-306.1 When the provisions of HLW-501 to
HLW-504 are not used, unstayed dished heads with
the pressure on the convex side shall have a maximum
allowable working pressure equal to 60% of that for
heads of the same dimension with the pressure on the
concave side.

HLW-306.2 Hemispherical Heads. Because of the
complexity of joint design, hemispherical heads are not
permitted.

HLW-307 TUBES

When the provisions of HLW-501 to HLW-504 are not
used, the thickness of seamless or welded tubes shall be in
accordance with HG-301.2.

HLW-308 OPENINGS

HLW-308.1 Single openings in water heaters do not
gle op 8
require reinforcement under the following conditions:
(a) welded connections attached in accordance with

PD the applicable rules and not larger than NPS 3 (DN 80)
b= 2SE — 0.2P in shells or heads 3/3 in. (10 mm) or less; NPS 2
(DN 50) in shells or heads over % in. (10 mm)
(b) threaded, studded, or expanded connections in
— s which the hole cut in the shell or head 1s not greater
D + 0.2t
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than NPS 2 (DN 50)
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HLW-308.2 When the provisions of HLW-501 to
HLW-504 are not used, all other openings shall be rein-

221 £l

(a) Allvesselslessthan 18in. (450 mm) and over 12 in.
(300 mm) inside diameter shall have at least two inspec-

(23)

(23)

for d3n o rda PICSEA P A | 1e-Sact: o
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HLW-309 TUBES ATTACHED BY EXPANDING

(a) The tube hole in the head or tubesheet shall be
formed either:

(1) to the full size diameter by a method that will not
produce irregularities that would interfere with proper
expanding and sealing, or

(2) to a lesser diameter, then enlarged to full
diameter by a secondary drilling, cutting, or reaming
operation to remove such irregularities.

The sharp edges of tube holes shall be taken off both
sides with a file or other tool.

(b) The minimum thickness of any tubesheet with
tubes installed by expanding shall be % in. (5 mm).

HLW-310 STORAGE TANKS

HLW-310.1 Tank Construction. If a system is to
utilize a storage tank that exceeds the capacity exceptions
of HLW-101, the tank shall be constructed in accordance
with the requirements of this Part; the requirements of
Section VIII, Division 1; or the requirements of Section
X. Regardless of the Code Section governing construction
of the vessel, all storage tanks used in applications under
this Part shall be provided with a corrosion-resistant
lining or constructed with corrosion-resistant matepials
that are suitable for use in potable hot water at\210°F
(99°C) and are marked for a maximum alowable
working pressure of 160 psig (1 100 kPa) or,less. Heat
exchangers installed in HLW-marked vessels shall be
made of corrosion-resistant materials.

HLW-310.2 Inspection Openings. Storage tanks
constructed to the rules of this.Part shall be provided
with suitable manhole, handhdle, fitting, or other openings
forinternal inspection and.cleaning. Manholes shall not be
less than 12 in. x 16 in. (300 mm x 400 mm). Manholes in
which internal pressure forces the cover plate against a
flat gasket shall have a gasket bearing width of atleast 1%/ ¢
in. (17 mm).

tion-openinas-Each-inspection-openinag shall be ecither
r O r r o

(1) a handhole opening not less than 2 in. x 3
in. (50 mm x 75 mm)

(2) aplugged threaded openingnotlessthan NPS 1%,
(DN 40)

(b) Allvessels with an inside diameter of 18 in. to 36.in.
(450 mm to 900 mm), inclusive, shall have a manhpleor at
least two inspection openings. Each inspection opening
shall be either

(1) a handhole not less than™2 in. x 3 in.
(50 mm x 75 mm)

(2) aplugged threaded openjngot less than NPS 2
(DN 50)

(c) All vessels with an inside.diameter greater than 36
in. (900 mm) shall have a maithole or at least two inspec-
tion openings. Each inspection opening shall be either

(1) a handhole not less than 4 in. x 6 in. (100 mm x
150 mm)

(2) aflanged.epening notless than 6 in. (150 mm) in
diameter in@pipe

(d) When handholes or pipe plug openings are
permitted for inspection openings in place of a
manhole, one handhole or one pipe plug opening shall
be,in’each head or in the shell near each head.

(e) Openings with removable heads, fittings, or cover
plates that are intended for other purposes may be used in
place of the required inspection openings provided they
are at least equal to the size of the required inspection
openings.

(f) A single opening with a removable head or cover
plate may be used in place of all the smaller inspection
openings provided it is of such size and location as to
afford at least an equal view of the interior.

(g) Flanged and/or threaded connections from which
piping, instruments, or similar attachments can be
removed may be used in place of the required inspection
openings provided the connections are of an equal size and
afford an equal view of the interior.

(h) Allinspection and access openings, flanges, fittings,
removable heads, or cover plates and threaded plugs or
caps shall comply with the requirements of this Part.
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ARTICLE 4
DESIGN OF WELDMENTS

HLW-400 DESIGN OF WELDED JOINTS

HLW-401 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 insure satisfactory penetration and fusion
into the base metal to the root of the weld. It should
be noted that the use of standard welding procedures
is acceptable. All requirements for the use of these proce-
dures 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 avail-
able for review by the Authorized Inspector. All members,
prior to being welded, shall be properly fitted, aligned, and
retained in position in accordance with the Procedure
Specification for the welding procedure to be used.

Figure HLW-401.1
Butt Welding of Plates of Unequal Thickness

N "JZ \\ \\
N 2 % \ \
\/é \ \f/?
R
3 ‘& : A 3 3 h N
1

N Tapered one
side only
(inside or
outside)

-

(a) (b) (c)

HLW-401.1 Butt Joints. Longitudinal or citeiimfer-
ential joints uniting plates of a drum, shell, or’other pres-
sure parts 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.

(a) If there are two or more courses, the welded lon-
gitudinal joints of adjacent courSes'shall be not less than 6
in. (150 mm) apart.

(b) If the plates are of unequal thickness, at no point
shall the plate on one-side of the joint be offset with the
plate on the other side-ofthe joint in excess of one-fourth of
the thickness of the thickest plate. The weld may be partly
or entirely in the tapered section or adjacent to it as indi-
cated in Figute HLW-401.1.

HLW-401.2 Corner or Tee Joints. Unflanged heads
or tubesheets of water heaters may be constructed by
attaching unflanged heads or tubesheets to the shell by
welding, provided

(a) corner or tee joints shall be as shown in
Figure HLW-401.2, sketch (a), (b), (c), (d), or (e).

(b) the head or tubesheet is supported by tubes.

(c) thewelded jointfor Figure HLW-401.2, sketches (a),
(b), and (c) is wholly within the shell and forms no part
thereof. The throat of the fillet weld shall be not less than
0.7 times the thickness of the thinner plate.

(d) for Figure HLW-401.2, sketches (b) and (d), the
weld shall have full penetration, and for sketch (e),
double full-fillet welds shall be provided.

HLW-401.3 Alignment Tolerance.

(a) The edges of plates at butt joints shall not be offset
from each other at any point in excess of the amount speci-
fied in Table HLW-401.3-1, where t is the plate thickness.

(b) Butt joints in heads and butt joints between cylin-
drical shells and hemispherical heads shall meet the re-
quirements in (a) above for longitudinal joints in
cylindrical shells.

HLW-401.4 Distortion.

(a) The cylinder or barrel of a drum or shell shall be
circular at any section within a limit of 1% of the mean

Not
Permissible

Permissible
(Circumferential
joints only)

Preferred Method
(Center lines
coincide)
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diameter, based on the differences between the maximum
and minimum mean diameters at any section, and, if nec-
essary to meet this requirement, shall be reheated,
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Figure HLW-401.2
Typical Corner Joints

Not less than 1.25t,
but need not be greater than t,

ST
Backing
strip may
- - be used
th—e |e— th —» fe—o0o
L] -

(a) Required (b) Required

e B

— '_th

S1 + Sy = 2t where
Sq is not less
than 0.5 nor
greater than 25,

(e) Required

Legend:
th
ts

nominal head thickness
nominal shell thickness

Table HLW-401.3-1
Alignment Tolerance

Direction of Joints
in Cylindrical Vessels

PlatetThickness, ¢, in. (mm) Longitudinal Circumferential
Uptor Y, (13), incl. Yt Yut
Oyver % to ¥, (13 to 19), incl. % in. (3.0 mm) 4t

Over %, (19) Y% in. (3.0 mm) ¥ in. (5.0 mm)

rerolled, or reformed. To determine the differences in

—»  |e— tgmin.
r ts 2tg min.
_ { ls
f -=
—= fe— Not o
_ welded f ‘
th—» je—
Backing
strip may
. be used
. LT
(c) Required (d) Required
[~ 3

"

(f) Not Permissible

the permissible difference in inside diameters may be
increased by the nominal plate thickness.

(b) Cylindrical furnaces and other cylindrical parts
subjected to external pressure shall be rolled to a
circle with a maximum permissible deviation from the
true circle of not more than % in. (6 mm).

HLW-402 Joint Efficiencies

The following joint efficiencies E are to be used in the
formulas of this Section (i.e., HLW-303 and HLW-305) for
joints completed by an arc or gas welding process:

diameters, measurements may be made on the inside
or the outside. For vessels with longitudinal lap joints,
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(a) E'=85% for tull penetration butt joints as attained
by double welding or by other means, which will obtain
the same quality of deposited weld metal on the inside and
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outside weld surfaces, to provide complete joint penetra-

tion and assurance that the weld grooves are completely
filled ('—” AL4.01 1) Welds that use metal hacking chﬂipc
(=]

(d) When openings are flanged for tubes as shown in
Figure HLW-413, sketch (a), (b), or (e), flanges shall

extend para”n] to-the tube for 3 minimum distance

that remain in place are excluded.

(b) E = 80% for full penetration single-welded butt
joints with backing strips other than those included in
(a) above.

HLW-402.1 Joint Efficiencies for External
Pressure Design. Joint efficiency E factors are not
required to be used when the part is designed for external
pressure only.

HLW-411 Heads or Tubesheets Attached by
Welding

Typical water heater welded joints are shown in
Figure HLW-411.

HLW-411.1 Flanged heads or tubesheets of water
heaters attached by butt welding shall be in accordance
with Figure HLW-415, sketch (d) or (e).

HLW-411.2 Flanged heads or tubesheets of water
heaters may be constructed by attaching an outwardly
or inwardly flanged head or tubesheet to the shell by
fillet welding, provided

(a) inwardly flanged head or tubesheets are full fillet
welded [see Figure HLW-415, sketch (a)]

(b) the joint attaching an outwardly flanged head or
tubesheet shall be in accordance with Figure HLW-415;
sketch (b) or (c)

HLW-413 Tubes Attached by Welding

(a) The edge of the plate at the tubesheet:hole may be
beveled or recessed to a depth at least egqtial to the thick-
ness of the tubes. Where the plate is beveled or recessed,
the projection of the tubes beyond thietube sheet shall not
exceed a distance equal to the tubethickness. The depth of
any bevel or recess shall not be less than the tube thickness
or % in. (3 mm), whichever is'greater, nor more than one-
third of the tubesheet.thickness.

(b) Where no bevel or recess is employed, tubes shall
extend beyond the_tiibesheet not less than 1.5 times the
tube thickness, nor'more than 3 times the sum of the thick-
ness of the 'head plus the thickness of the tube [see
Figure HLW-413, sketch (d)].

(c) /Aot tubes attached using laser beam welding, the
midimum tube extension may be smaller than what is
required in (b) provided the tube extends at least
through the tubesheet. In addition, the welding procedure
and the performance qualification shall be performed in
accordance with Section IX, QW-193, and the required

equal to the tube thickness.

(e) Where exposed to gases of greater than
850°F (450°C), head flanges shall conform to the limita-
tions of Figure HLW-413.

(f) When the temperature of the gases is normally:
850°F (450°C) or less, the length of flange or tube may
extend beyond the limits of Figure HLW-413.

HLW-415 Head-to-Shell Attachments

Ellipsoidal, torispherical, and other.types of formed
heads, concave or convex to the préssure shall have
the following requirements as to skirt length.

(a) An ellipsoidal or torispherical head that is attached
to a shell by a butt joint as Shewn in Figure HLW-415,
sketch (e), need not be provided with a skirt when the
nominal head thicknes$.does not exceed 1Y, times the
nominal shell thickness;When the nominal head thickness
exceeds 1Y, timesthe nominal shell thickness, a skirt shall
be provided having a length not less than 3 times the
nominal hedd thickness or 1% in. (38 mm), whichever
is smallers: When a skirt is used, it shall meet the require-
ments_for shell thickness in HLW-301.

(b)\Ellipsoidal or torispherical heads, concave or
convex to pressure, that are to be fitted inside or over
a shell (lap joint) shall have a skirt of at least 3 times
the nominal head thickness, but in no case less than 1
in. (25 mm).

(c) Shells and heads may be attached to shells or heads
using a butt weld with one plate edge offset as shown in
Figure HLW-415, sketch (d). The weld may be deposited
on the inside of the vessel only when the weld is accessible
for inspection after the vessel is completed.

HLW-420 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.

HLW-430 Welded Connections
HLW-430.1 Strength of Attachment Welds.

Nozzles, other connections, and their reinforcement
may be attached to a water heater 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

1 4] £ 4 4o £ 41 PR deror—dera ] 1 " 14
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shall be at least 1.25 times the tube thickness.
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shear or to tension. The strength of fillet welds shall be
based on the area subjected to shear, computed on the
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Figure HLW-411

Typical Water Heater Welded Joints

See Fig.

HLW-415(d)

Nl

See Fig.
HLW-415(a)

AN

~

See Fig.j

HLW-415(b)

(a) Unstayed, Flanged, and
Dished Heads

See Fig. i
HLW-213(b) - Sﬁivfllgﬁs(c)
See Fig.
HLW-415(c) '
F T See Fig.
HLW-415(a)
See Fig.
HLW-415(e)
See Fig.
HLW-415(d)

— See Fig.

HLW-413(e)
e
See Fig.
HLW-415(c) \Kﬁ_{
See Fig. ‘ \

HLW:413(a) See Fig.

HLW-415(b)

(b) Flanged and Dished Heads
With Flue Tube
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Figure HLW-411
Typical Water Heater Welded Joints (Cont’d)

See Fig. HLW-413((a)

See Fig. HLW-413 (d) ___ See Fig. HLWA413\(b)
See Fig. HLW401.2 (a) — y’/ —_ Seq Fig. HEAR3 (o)
7 e ¥ See Fig{HLW-415 (b)

i &
N—A

3

~— SeeFig. HLW-413 (b)
See Fig. HLW-413 (a)

See Fig. HLW-415 (c)
’_[@ 4//// See Fig. HLW-413 (c)
See Fig. HLW-401.2 (c) “Sj K T

See Fig. HLW-413 (d)

(¢) Unflanged and flanged flat heads with multiple heads
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Figure HLW-413
Tubes Attached by Welding

th

R N - _‘L t; min. but may not

exceed 3(th + tt)
[see HLW-413(c)]

(a)

(c)

(5t min. but may

(d)

Legend:
t, = nominal.head thickness
t, = nominal tube thickness

not exceed 3(t, + t;)

th

o

tt min.

—

e ¥

— 1

‘ May net\exceed

3ty + t,)
[see HLW-413(c)]

(b)

—i May not exceed

N 3(ty +t,)

(e)

May not exceed
3(ty +t,)
[see HLW-413(c)]
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Figure HLW-415
Heads Attached to Shells
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t, = nominal head thickness
t, = nominal shell thickness
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minimum leg dimension. The inside periphery of a fillet
weld shall be used in computing its length.

of fillet, single-bevel, and single-] welds. The dimension t,,
of each weld shall be not less than % in. (6 mm) or 0.7t and

HLW-430.2 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 follows:

Factor Percentage of Stress Values, %
Nozzle wall 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%
for shear strength, and the applicable joint efficiency factors.

HLW-431 Minimum Requirements for Attachment
Welds

HLW-431.1 General. Thelocation and minimum size
of attachment welds for nozzles and other connections
shall conform to the requirements in this paragraph.

(a) Notations. The notations used in this paragraph and
in Figure HLW-431.1 are defined as follows:

t = nominal thickness of shell or head
t, t, = not less than Yt or % in. (6 mm) and ¢t; + t;
not less than 1%t
t. = the smaller of ¥, in. (6 mm) or 0.7t, (inside
corner welds may be further limited by a
lesser length of projection of the npzzle wall
beyond the inside face of the water heater wall)
t, = thickness of reinforcement element
tmin = the smaller of %, in. (19 mm) or the thickness of
either of the parts joined by @fillet, single-bevel,
or single-] weld, in. (mm)j
t, = nominal thickness of\nozzle wall
t, = dimension of partial-penetration attachment

welds (fillet, single-bevel, or single-J), measured
as shown in Figure HLW-431.1

HLW-431.2 Inserted Nozzles Without Added
Reinforcement Elements.

(a) Nozzles inserted into or through a hole cut in the
shell'ahd without additional reinforcement elements shall
béattached by a full-penetration groove weld or by two
partial penetration welds, one on each face of the shell.
Permissible types of welds are shown in Figure
HLW-431.1, sketches (a) through (h).

(b) Backing strips shall be used with full penetration
welds deposited from one side only when the shell thick-

their sum shall be not less than 1.+ (sece F'ignrn

ZFETITIIT C
HLW-431.1).

HLW-431.3 Inserted Nozzles With Added
Reinforcement. Inserted-type nozzles having added re-
inforcementin the form of one or more separate reinforcé-
ment plates shall be attached by welds at the nozzleeck
periphery and at the outer edge of each reinfereement
plate. The weld at the outer edge of each reinforcement
plate shall be a fillet weld with a minimum throat dimen-
sion of Ytmin.

HLW-431.4 Nozzles{With Integral
Reinforcement. Nozzles dnd other connections
having integral reinforcement'in the form of extended
necks or saddle-type pads.shall be attached by a full-pene-
tration 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 thtoat dimension of the outer weld shall be
not less than %t. The dimension t,, of the inner weld
shall be nefdess than 0.7¢ty,;, [see Figure HLW-431.1,
sketch (h)]:

HLEW=-431.5 Fittings With Internal Threads and
Studded Pads. The attachment of internally threaded
fittings and studded pads shall meet the following
requirements:

(a) Except as provided for in (b) below, internally
threaded fittings shall be attached by a full-penetration
groove weld or by two fillet or partial penetration
welds, one on each face of the water heater wall. The
minimum weld dimensions shall be as shown in Figure
HLW-431.5, sketches (u), (v), (w), and (x).

(b) Internally threaded fittings or equivalent bolting
pads not exceeding NPS 4 (DN 100) may be attached
by a fillet weld deposited from the outside only, having
the minimum dimensions shown in Figure HLW-431.5,
sketches (a) through (1). Fittings or studded pads that
are not subject to a bending load and that will be
plugged, such as those for thermostats, anode rods,
drain valves, cleanouts, and heating elements, may be
attached to water heater vessels having a thickness not
greater than % in. (10 mm) by a fillet weld deposited
from the outside only having the minimum dimensions
shown in Figure HLW-431.5, sketch (y). The maximum
size opening in the water heater vessel shall be 5% in.
(136 mm) in any direction but not greater than one-
half the vessel diameter.

(c) Flange-type fittings not exceeding NPS 2 (DN 50) as
shown in Figure HLW-431.5, sketch (z) may be attached
without additional reinforcement other than that in the
fitting and its attachments, provided all of the following

eSS 1S OVer 74 T TO TIm) Or Wiel complete joint pere-
tration cannot be verified by visual inspection. The two
partial penetration welds may be any desired combination
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conditions are met:
(1) the water heater wall thickness shall not exceed
% in. (10 mm)
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Figure HLW-431.1
Some Acceptable Types of Welds for Fittings, Nozzles, and Other Connections to Shells and Head
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GENERAL NOTE: t; + t, = 1%t min; t; or ¢, not less than the smaller of ¥, in. or 0.7¢ min.
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Figure HLW-431.5

Some Acceptable Types of Welds for Fittings, Nozzles, and Other Connections to Shells and Head
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(2) the minimum fillet leg shall be %, in. (2.5 mm)
(3) the opening in the water heater wall shall not

(3) Records.Records shall be kept of all data obtained
from tests of the proof test vessel, the workmanship

exceed-the gutside diameter of the nominal pipn p]nc

%, in. (19 mm)

HLW-431.6 Fittings Attached by Resistance
Welding. Resistance welding may be used for the attach-
ment of fittings under the following limitations and
requirements:

(a) The welding process utilized shall be limited to
projection welding.

(b) Materials used in resistance welded parts shall be
limited to a maximum carbon content of 0.15%.

(c) The thickness t shall not exceed % in. (8 mm), and
the fitting shall not exceed NPS 2 (DN 50).

(d) The maximum allowable working pressure for a
vessel with fittings attached by resistance welding
shall be established by a proof test in accordance with
HLW-500.

(e) In lieu of the Procedure and Performance
Qualification requirements of Section IX, the following re-
quirements shall be met:

(1) Workmanship Samples

(-a) Three welded specimens of each combination
of fitting size and base metal thickness employed shall be
made immediately before and after the welding of the
fittings for the proof test vessel. These test specimens
shall be representative of the manufacturing practice
employed in the attachment of the fittings to the proof
test vessel. Sufficient base metal shall overlap the
fitting to allow securement for the tensile test.

(-b) These welded specimens shall be subjected-to
tensileloading. Each specimen shall pass the tensiletest by
shearing the fitting or the base metal. Separationh at the
weld interface shall constitute failure. Anywfailure shall
require a repeat of the workmanship.sample test as
herein required.

(-c) All pertinent information-obtained from the
foregoing tests shall be recorded: These samples and
data constitute workmanship samples that shall be avail-
able for comparison with quality control specimens that
are made during produgtion.

(2) Machine Séttings and Controls

(-a) The resistance welding machine settings and
process control parameters used in the attachment of the
fittings to the proof test vessel and the workmanship
samples shall be recorded. Except for minor variations
and adjustments as permitted in the above parameters,
thefapplicable settings shall be used in the fabrication
of-all vessels in a given production run.

(-b) The machine settings and control shall be
verified by a test sample prior to the start of daily opera-
tions, after any service or adjustment is done on the

sambles-theweldingamachine settinas the weldinagnroce-
r 4 o o~ or

dure, and process control parameters.

(4) If resistance welding machines other than those
used for the initial proof test vessel and workmanship
samples are to be used in production, each additional
machine and welding procedure shall be qualified in
full accordance with (e)(1), (e)(2), and (e)(3) above.

HLW-431.7 Stud Welds for Covers. Ar@stud
welding and resistance stud welding, as, defined in
E-102, where the pressure exerts a tensilé lead on the
studs, may be used for the attachment ofbolted unstayed
flat heads, cover plates and blind flanges, handholes and
manholes, with the following limitations:

(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 blirid flanges attached by stud welding.

(c) The minimumsize stud used shall be not less than
Y,in. (6 mm) yrofninal diameter and the maximum size
shall not exceed”’ in. (22 mm) nominal diameter.

(d) The type of stud shall be limited to round externally
threadédsstuds.

(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.

(f) 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).

(g9) The maximum spacing of studs shall not exceed 12
times the nominal diameter of the stud.

(h) The maximum allowable stress for the stud shall be
7,800 psi (54 MPa) based on the smallest cross-sectional
area (i.e., the root of the thread).

HLW-431.8 Stud Welds for Internally Threaded

Fittings. Arc stud welding and resistance stud welding, as
defined in E-102, may be used for the mechanical attach-
ment of fittings used to secure piping to vessel shells and
heads with the following limitations.

(a) Mechanically attached internally threaded fittings
shall be limited to a maximum NPS 3 (DN 80) and shall be
secured by a minimum of four studs.

(b) Daily production weld tests shall be per HLW-460.5.

(c) Stud welds used for the mechanical attachment of
internally threaded fittings shall meet the provisions of
HLW-431.7.

(d) Gaskets for internally threaded fittings mechani-
cally attached using arc- or resistance-welded studs

weldingequipnrentanmd-withrevery clangeimmateriat
or nominal thickness.
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may be of the flat or ring type, made of a material suitable
for service at a minimum of 210°F (99°C). When ring-type
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gaskets are employed, a suitable recess shall be provided
in the fitting to accommodate the gasket.

performed within the first 3 ft (1 m) of the first production
weld.

(23)

(D) The maximum allawahle ‘Mnl‘l!ihg pv‘nccnvn for a

vessel with internally threaded fittings mechanically
attached using arc- or resistance-welded studs shall be
established by proof test in accordance with HLW-500.
Each size of the proposed connection shall be tested
including the gasket method, studs, and internally
threaded fittings.

HLW-431.9 Friction Welding. Materials joined by
the inertia and continuous drive friction welding
processes shall be limited to material assigned P-
Numbers in Section IX and shall not include rimmed or
semikilled steel.

HLW-432 Brazed Connections for Copper Lined
Vessels

Brazing shall meet the applicable requirements of
Part HF, Subpart HB, Articles 10 through 15, inclusive.
Some acceptable brazed connections are as shown in
Figure HLW-432.1.

HLW-440 Welding Processes

The welding processes that may be used under this Part
are restricted to the following:

(a) Arc or gas welding processes are restricted tg
shielded metal arc, submerged arc, gas metal arc, gas tungr
sten arc, plasma arc, atomic hydrogen metal arc, laser
beam, electron beam, oxyhydrogen, and oxyacetylene.

(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, which includes
variations of these processes.

HLW-450 Welding Qualifications

Unless otherwise specified in this Part the procedures,
the welders, and the welding operators used in welding
pressure parts andiih joining nonpressure parts (attach-
ments) to pressure parts shall be qualified in accordance
with Section IX:

Some/linings require an elevated temperature for
propefapplication. These elevated temperatures are
not.to 'be considered a form of heat treatment for
welding procedure qualification.

HLW-451 Production Work Qualifications

(a) No production work shall be undertaken until the
procedures, the welders, and the welding operators have

(b)) Welders including brazers and welding and
=7 7 O 4 1)

brazing operators not in the employ of the manufacturer
(Certificate of Authorization Holders) may be used to
fabricate water heaters or parts thereof constructed in
accordance with the Section, provided all of the following
conditions are met:

(1) All Code construction shall be the responsibility
of the Manufacturer.

(2) All welding shall be performed ifi-accordance
with the Manufacturer’s welding procedute,specifications
that have been qualified by the Manufacturer in accor-
dance with the requirements of Sectiofi IX and this Section.

(3) All welders shall’bevqualified by the
Manufacturer in accordance ‘with the requirements of
Section IX and this Sectiom.

(4) The Manufacturer’s quality control system shall
include as a minimum:

(-a) a requirement for complete and exclusive
administrative @nd technical supervision of all welders
by the Manufacturer

(-b)<evidence of the Manufacturer’s authority to
assign,and remove welders at his discretion without in-
volvément of any other organization

(-¢) a requirement for Assignment of Welder
Identification symbols

(-d) evidence that this program has been accepted
by the Manufacturer’s Authorized Inspection Agency that
provides the inspection service

(5) The Manufacturer shall be responsible for Code
compliance of the completed vessel or part, including
Certification Mark and providing Manufacturer’s Data
Reports properly completed and certified by the
Inspector.

HLW-452 Interchange of Qualifying Tests Among
Manufacturers Prohibited

The performance qualification tests for welders and
welding operators conducted by one manufacturer or
contractor shall not qualify a welder or welding operator
to do work for any other manufacturer or contractor.

HLW-453 Maintenance of Records of
Qualifications and Identifying Marks

The Manufacturer or contractor shall maintain qualifi-
cation records of the welding procedures and 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

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
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mMethod of CONtrol im accordance with the
Manufacturer’s quality control system, and be accessible
to the Inspector. The welder or welding operator shall
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Figure HLW-432.1
Some Acceptable Types of Brazed Fittings, Nozzles, and Other Connections to Copper-Lined Shells and
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stamp his identification mark on or adjacent to all welded
joints made by him at intervals of not greater than 3

HLW-460.3 Double-Welded Butt Joints. Before

applying weld metal on the second side to be welded,
ikl 14

ft (n 9 m)’ or-the Manufacturer shall Lrnnp a-record-of

the welded joints on a water heater vessel and the
welders and welding operators used in making the joints.

HLW-454 Posthydrotest Welding of Nonpressure
Parts to Pressure Parts

Nonpressure parts may be welded to pressure parts
after the hydrostatic test has been performed as set
forth in HLW-505, provided the following criteria are met:

(a) The material requirements shall comply as follows:

(1) The pressure part material is limited to P-No. 1,
Group 1 or 2 materials.

(2) The nonpressure attachment material is limited
to carbon steel with a carbon content not exceeding 0.20%
or any P-No. 1 material.

(3) When the nonpressure attachment material is
other than P-No. 1, a minimum 200°F (93°C) preheat
shall be applied when the pressure part thickness
exceeds ¥, in. (19 mm).

(b) The attachment is done by stud welding, or by fillet
welding where the throat of the weld does not exceed the
lesser of 1.5 times the thickness of the pressure part or
Y, in. (6 mm).

(c) The completed weld is inspected by the Authorized
Inspector.

(d) The Manufacturer’s Data Report Form shall bé
signed only after the completion of the welding.

HLW-460 Specific Welding Requirements

HLW-460.1 Finished Longitudinal and
Circumferential Joints.

(a) Butt-welded joints shall have complete penetration
and full fusion. The surface.of the weld may be left as-
welded provided the weldis free of coarse ripples,
grooves, overlaps, abruptiridges, or valleys. A reduction
in thickness due to the welding process is acceptable
provided all of theifollowing conditions are met:

(1) The reduction in thickness shall not reduce the
material of-the“adjoining surfaces below the minimum
required-thickness at any point.

(Z)\The reduction in thickness shall not exceed
Y 2in>(0.8 mm) or 10% of the nominal thickness of
the-adjoining surface, whichever is less.??

HLW-460.2 Fillet Welds. In making fillet welds, the
weld metal shall be deposited in such a way that adequate
penetration into the base metal at the root of the weld is
secured. The reduction of the thickness of the base metal

the-reot-of-double-weldedb
by suitable methods such as chipping, grinding, or
thermal gouging, so as to secure sound metal at the
base of weld metal deposited on the face side, except
for those processes of welding by which proper fusion
and penetration are otherwise obtained and by which
the root of the weld remains free from impurities:

HLW-460.4 Repair of Weld Defeets: Visible
defects, such as cracks, pinholes, and icomplete
fusion, and defects detected by leakage-tests shall be
removed by mechanical means or by thermal grooving
processes, after which the joint shall be rewelded and
reexamined.

HLW-460.5 Stud Welding. In the case where arc
stud welding and resistance stud welding is used to
attach load carrying-studs, a production stud weld test
ofthe procedure and.welding operator shall be performed
on five studs, welded and tested in accordance with either
the bend or.terque stud weld testing described in Section
IX as follows:

(a) ‘prior to start of daily operation if used continuously
ongunits of similar construction

(b] prior to the start of application to a given unit when
not used continuously

(c) after adjustment or servicing is done on welding
equipment

HLW-460.6 Procedure and Performance
Qualification Tests and Material Requirements
for Stud Welding. Procedure and performance qualifi-
cation tests for stud welds shall be made in accordance
with Section IX. Further requirements for stud welding are
as follows:

(a) Metallic coatings (such as cadmium plating) if used
shall not be within % in. (13 mm) from the weld end of the
stud.

(b) The base metal must be above 50°F (10°C) during
the welding process.

HLW-460.7 Stud Welding. In the case where stud
welding and resistance stud welding are used for joining
nonpressure bearing attachments, which have essentially
no load carrying function (such as extended heat transfer
surfaces, insulation attachment pins, etc.), to pressure
parts by any automatic welding process performed in
accordance with a Welding Procedure Specification (in
compliance with Section IX as far as applicable), procedure
and performance qualification testing is not required.

In the case where stud welding is used to attach
nonload-carrying studs, a production stud weld test,

duetothe wetding processat theedges of the fittet wetd
shall meet the same requirements as for butt welds [see
HLW-460.1].
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appropriatetotheemrduseapplicatior requirenrents;
shall be specified by the Manufacturer or assembler
and carried out on a separate test plate or tube as follows:
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(a) prior to start of daily operation if used continuously
on units of similar construction

shall maintain the controls to assure that the necessary
welding procedure and performance qualifications are

[h) priortothe startof applicationtoagivenunitwhen
A A o4 rr O

not used continuously
(c) after adjustment or servicing is done on welding
equipment

HLW-460.8 Tack Welds. Tack welds used to secure
alignment shall either be removed completely when they
have served their purpose, or their stopping and starting
ends shall be properly prepared by grinding or other
suitable means so that they may be satisfactorily incor-
porated into the final weld. Tack welds, whether
removed or left in place, shall be made using a fillet
weld or butt weld procedure qualified in accordance
with Section IX. Tack welds to be left in place shall be
made by welders qualified in accordance with Section
IX and shall be examined visually for defects, and if
found defective, shall be removed.

Itis notnecessary thata subcontractor performing such
tack welds for the vessel manufacturer be a holder of an
ASME Certificate of Authorization. If the tack welds are
permanently left in place, the final vessel manufacturer

met-in order to cah'cfy Code rnqnirnmnnfc

HLW-460.9 Friction Welding.

(a) When joining two parts by the inertia and contin-
uous drive friction welding processes, one of the two parts
must be held in a fixed position and the other part rotated.
The two faces to be joined must be essentially symmetrical
with respect to the axis of rotation. Some of the basictypes
of applicable joints are solid round to solid round;tube to
tube, solid round to tube, solid round to plate, and tube to
plate.

(b) The welded joint between two miembers joined by
the inertia and continuous drive/friction welding
processes shall be a full penetration weld. Visual exam-
ination of the as-welded flashy¥oll of each weld shall be
made as an in-process check-~The weld upset shall meet
the specified amount within +10%. The flash shall be
removed to sound nletal.
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ARTICLE 5
TESTS

HLW-500 TESTS TO ESTABLISH MAXIMUM
ALLOWABLE WORKING PRESSURE
AND PRODUCTION LINE TESTS

HLW-501 General

The required thickness for pressure parts and the
maximum allowable working pressure for vessels that
are notbased upon the formulas of Article 3 shall be estab-
lished by a proof test. The proof test shall consist of the
application of hydrostatic pressure to a full size sample of
avessel. Material in excess of the material thicknesses or of
higher strengths than specified for parts of proof test
vessel(s) shall be acceptable for production of such
parts. The maximum allowable working pressure for a
series of vessels may be established by a proof test on
one vessel from the series, or two vessels from the
series if the ligament spacing differs. Vessels with thé
smallest and largest ligament spacing on the heads
shall be tested.

Vessels in the series shall have

(a) heads of the same geometry and thickness

(b) cylindrical shell and tube(s), if used, that'differ only
by length, and

(c) openings of the same size and.type as those present
on the vessel proof tested

Optional openings in the shellthay be added in accor-
dance with the provisions of(HLW-308.

Optional openings in the-heads may be added in accor-
dance with the provisions/of HLW-308 if such head open-
ings arelocated entirely'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 head diameter.

HLW-502) Proof Test

HLW-502.1 Test Procedure.

(a) Hydrostatic pressure previously applied to the
vessel to be proof tested shall not have exceeded 1%
times the anticipated maximum allowable working
pressure.

(h) The outer surface of the vessel shall be Qnifnhly

(c) The hydrostatic pressure shall be increased gradu-
ally until approximately one-half tlre anticipated
maximum allowable working pressure is reached.
Thereafter, the test pressure shall be increased in
steps of approximately %, or less of the anticipated
maximum allowable working pfessure. The pressure
shall be held stationary at-the end of each increment
for a sufficient time to allow the observations required
by the test procedure, to~be made, and shall be released
to zero to permit determination of any permanent strain
or displacement‘after any pressure increment that indi-
cates an inefease in strain or displacement over the
previous equal pressure increment as evidenced by
flaking<of,the brittle coating, or by the appearance of
strain\lines. The application of pressure shall be
stopped when the intended test pressure has been
reached, or at the first sign of yielding.

(d) The yield strength shall be the average of three
specimens cut from the part tested after the test is
completed. The specimens shall be cut from a location
where the stress during the test has not exceeded the
yield strength. 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 in-
volving sufficient heat to affect the properties of the
specimen.

(e) The maximum allowable working pressure P in psi
for the water heater tested under this paragraph shall be
computed by one of the following formulas:

(1) if the average yield strength is determined in
accordance with (d) above,
¥

Y,

a

p 0.5SH

(2) toeliminate the necessity of cutting tensile speci-
mens and determining the actual yield strength of the
material under test, or when the test has been stopped
before any yielding, one of the following formulas may
be used to determine the maximum allowable working
pressure:

(-a) for carbon steel meeting an acceptable Code
Specification, with a specified minimum tensile strength of

cleaned. A brittle coating shall be applied. The technique
shall be suited to the coating material.
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not over 70,000 psi (480 MPa),
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(U.S. Customary Units)

HLW-503 Testing of Parts

HLW-503.1 Parts of vessels subject to collapse that

P = 0.5H ;
S + 5,000
(SI Units)
P = O.SH(#]
S + 34500
(-b) for any acceptable material listed in Section
1v,
P = 04H
where
H = hydrostatic test pressure at which the test was
stopped, psi (kPa)
S = specified minimum tensile strength, psi (kPa)
Y, = actual average yield strength from test specimens,
psi (kPa), as outlined in (d)
Y; = specified minimum yield strength, psi (kPa)

When either of the formulas in (a) and (b) above is used,
the material in the pressure part shall have no appreciable
cold working or other treatment that would tend to raise
the yield strength above the normal.

NOTE: Due to the geometry of parts commonly used in lined
water heaters, yielding due to bending often occurs at pressures
that are unusually low compared to burst strength. Whensan
analysis of the test indicates yielding occurred in bending, P
may be multiplied by 1.5.

HLW-502.2 Test Gages.

(a) Anindicating gage shall be connected directly to the
water heater vessel. Intermediate pipe-and fittings may be
used provided there are no intervening valves. If the indi-
cating gage is not readily visible to the operator control-
ling the pressure applied,. anh“additional indicating gage
shall be provided where\it will be visible to the operator
throughout the duration‘of the test. For large water heater
vessels, itisrecominended thatarecording 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 wider range of pressure
may be used provided the readings give the same, or
greater, degree of accuracy as obtained with dial pressure

gages.
agac lha calibivotrad Sgoiac 4 4

have not been proof tested in accordance with HLW-502
and for which specified rules are not provided in this Part
shall withstand, without excessive deformation, a hydro-
static test of not less than three times the desired
maximum allowable working pressure.

HLW-503.2 Cast parts for vessels may have a
maximum allowable working pressure established’ by
the bursting test procedure of HG-502.3.

HLW-504 Witnessing, Recording, and Certifying
Tests

Tests to establish the maximum allowable working
pressure of complete vessels or-parts shall be witnessed
by the manufacturer’s personnel designated to be respon-
sible for the examination. These tests shall also be
witnessed and accepted*by the Authorized Inspector.
These proof tests shall be recorded on Form HLW-8,
Manufacturer's\Master Data Proof Test Report for
Water Heaters<or Storage Tanks. The completed form
shall be certified by the designated responsible engi-
neering-head of the manufacturer. These forms shall
be kept.on file by the manufacturer as a matter of record.

Requirements for completing Manufacturer’s Data
Report Forms are shown in Mandatory Appendix 4.

HLW-505 Hydrostatic Test

HLW-505.1 All water heater vessels other than those
lined with glass, fluorocarbon polymer, amine epoxy, or
polyamine epoxy shall be subjected to a minimum hydro-
static test pressure of 1% times the maximum allowable
working pressure. Water heater vessels lined with glass,
fluorocarbon polymer, amine epoxy, or polyamine epoxy
shall be subjected to a minimum hydrostatic test pressure
at least equal to the maximum allowable working pres-
sure. Water heater vessels that are to be galvanized or
cement lined may be pressure tested either before or
after galvanizing or cement lining.

HLW-505.2 Part HLW does not specify an upper limit
for hydrostatic test pressure. However, if the hydrostatic
test pressure is allowed to exceed, either intentionally or
accidentally, the value determined as prescribed in
HLW-505.1 to the degree that the water heater is
subjected to visible permanent distortion, the
Inspector shall reserve the right to reject the water
heater. If the minimum hydrostatic test pressure for
lined water heaters in HLW-505.1 is exceeded by more
than 10 psi (70 kPa), the internal surfaces shall be visually

(23)

(23)

fe}-AH-gages—shall-be-ealibrated-against-astandard
deadweight tester or a calibrated master gage. Gages
shall be recalibrated at any time that there is reason
to believe that they are in error.
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HLW-505.3 While under the hydrostatic test pres-
sure an inspection for leakage shall be made of all

(a) A suitable pressure test, as agreed upon by the
Manufacturer and the Authorized Inspector, is applied

jotrrts—and-connections—The—visualinspeetionofjoints
and connections that are hidden by assembly may be
waived during the hydrostatic test provided the following
conditions are met:

to the hidden }'nihfc

(b) The hidden joints are given a visual examination by
the Authorized Inspector for workmanship prior to final
assembly.
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ARTICLE 6
INSPECTION AND MARKING

HLW-600 INSPECTION AND CERTIFICATION
HLW-600.1 Inspection by Authorized Inspector.

Exceptfor castironboilers, castaluminum boilers, or pres-
sure relief valves, the inspection required by this Section
shall be by an Inspector employed by an ASME Accredited
Authorized Inspection Agency. These inspectors shall
have been qualified in accordance with ASME QAI-1.

HLW-600.2 Manufacturer’s Responsibility.

(a) The manufacturer who completes any vessel to be
marked with the Certification Mark with HLW designator
has the responsibility of complying with all requirements
of this Part, and through proper certification of assuring
that any work done by others also complies with the re-
quirements of this Part.

(b) The manufacturer has the responsibility of
providing the Authorized Inspector with all specified
information and assurance that the quality control
system is in compliance with that outlined.in
Nonmandatory Appendix F. These responsibilities shall
include, but are not limited to, providing or making avail-
able for review the following:

(1) avalid Certificate of Authorization for use of the
Certification Mark with HLW designator, from the ASME
Boiler and Pressure Vessel Committee~(see HLW-602)

(2) the design calculations per<Article 3 or the certi-
fied proof test results per Article"5-and associated draw-
ings (see HLW-300 and HLW=500)

(3) identification of materials to show compliance
with Articles 2 and 3 and\compliance with the provisions
of Section IX (see HEW*200 and HLW-300)

(4) evidence of qualification of welding and/or
brazing procedures (see HLW-432 and HLW-450)

(5) recdrds of qualifications of each welder, welding
operatoryor/brazer as evidence of compliance with the
provisions of Section IX (see HLW-432 and HLW-450)

(6) any Manufacturer’s Partial Data Reports when
required by HLW-601.2

(7) evidence of examination of all materials before
and during fabrication to make certain it has the required

thickness, has no unacceptable imperfections, and is one
ofthe ernpfa}\ln materials pnrmifl’ar‘ ]'\y this Part and that

(8) the manufacturer shall submit the vesselor-other
pressure part for inspection at such stages of/the work as
may be designated by the Inspector

HLW-600.3 Authorized Inspector’s Duty.

(a) The Authorized Inspector shall make such inspec-
tions as he believes are neededto€nable him to certify that
the vessels have been constructed in accordance with the
rules of this Part. He shall*assure himself that the manu-
facturer is complying with all of the requirements of this
Part.

(b) Itis the duty of the Inspector to assure himself that
the welding procedures employed in construction are
qualifiedeunder the provisions of Section IX. The manu-
facturér~shall submit evidence to the Inspector that
those \fequirements have been met.

{¢) Itis the duty of the Inspector to assure himself that
all welding is done by welders or welding operators qual-
ified under the provisions of Section IX. The manufacturer
shall make available to the Inspector a certified copy of the
record of performance qualification tests of each welder
and welding operator as evidence that these requirements
have been met.

The Inspector has the right at any time to call for and
witness the test welding and testing although itis not man-
datory that he witness the test welding and the testing
unless he so desires.

(d) 1t is the duty of the Inspector to witness tests
conducted to establish the maximum allowable
working pressure of water heaters and storage vessels
(see HLW-500).

(e) Itis the duty of the Inspector to witness hydrostatic
tests (see HLW-505).

(f) The provisions of HG-515.4(b) apply to the mass
production of water heaters and storage tanks.

HLW-601 MANUFACTURER’S DATA AND
PARTIAL DATA REPORTS

HLW-601.1 Manufacturer’s Data Report.

(a) Each manufacturer of a vessel to which the

(23)

traceability to the material identification has been main-
tained [see HLW-201(c) and F-202.4]
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Certification Mark with HLW designator is to be
applied shall complete a Manufacturer’s Data Report
Form for each vessel he produces. Form HLW-6 shall
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be used. The Manufacturer’s Data Report may cover a
single vessel or may include the serial numbers in unin-

HLW-601.3 Manufacturer’s Data Report
Supplementary Sheet. A Manufacturer’s Data Report

fnrrnpfnr‘ cnqnnnrn of identical vessels rnmp]nfnﬂ’

inspected, and marked in a continuous 8-hr period.

A Manufacturer’s Master Data Report Form shall be
created when a completed vessel or an uninterrupted
sequence of identical vessels completed, inspected, and
marked in a continuous 8-hr period as defined in
HLW-602 has more than one associated Manufacturer’s
Data Report. The Manufacturer’s Master Data Report
Form shall be used to summarize all applicable
Manufacturer’s Data Reports, Partial Data Reports, and
Supplementary Sheets for the items comprising the
completed vessel or completed sequence of vessels as
defined in HLW-602. The “YES” box next to
“Manufacturer’s Master Data Report” shall be checked
to create the Manufacturer’s Master Data Report Form.
Form HLW-6 shall be used.

(b) The manufacturer shall have the responsibility of
furnishing a copy of the completed Manufacturer’s Master
Data Report or Manufacturer’s Data Report at the place of
installation to the inspection agency, the purchaser, and
the state, municipal, or provincial authority. The manu-
facturer shall either keep a copy of the Manufacturer’s
Master Data Report or Manufacturer’s Data Report on
file for at least 5 yr, or the vessel may be registered
and the original Manufacturer’s Master Data Report or
Manufacturer’s Data Report filed with the National
Board of Boiler and Pressure Vessel Inspectors, 1055
Crupper Avenue, Columbus, Ohio 43229.

HLW-601.2 Manufacturer’s Partial Data
Reports.

(a) Manufacturer’s Partial Data Repeiits for those parts
ofavessel requiring inspection underthis Code, which are
furnished by other than the shep of the manufacturer
responsible for the completed vessel, shall be completed
by the parts manufacturer andshall be forwarded in dupli-
cate to the manufacturér of the completed vessel.

(b) Manufacturer’s Partial Data Report Forms,
Form HLW-7, shall*be completed for all parts that
require inspection under this Code that are fabricated
by a manufacturer other than the manufacturer of the
completed.vessel, regardless of whether individual
Manufacturer’s Data Report Forms are completed for
the cempleted vessels.. These Manufacturer’s Partial
Data* Reports, together with his own inspection, shall
be the final Inspector’s authority to witness the applica-
tion of a Certification Mark to the completed vessel.

(c) Manufacturers with multiple locations, each with its
own Certificate of Authorization, may transfer parts from
one of their locations to another without Manufacturer’s

Supptenrentary-Sheet; FormrH=6;—=tattbeused—to
record additional data where space was insufficient on
a Manufacturer’s Data Report Form. This
Manufacturer’s Data Report Supplementary Sheet shall
be attached to the Manufacturer’s Data Report Forin
where used.

HLW-601.4 Multiple Page Data Reports.
Requirements for completing multiptepages of
Manufacturer’s Data Report Forms~are shown in
Mandatory Appendix 4.

HLW-602 MARKING OF WATER HEATERS AND
STORAGE TANKS

HLW-602.1 Marking Requirements for Vessels.

(a) All vessels,to which the Certification Mark is to be
applied shall be built according to the rules of this Partby a
manufacturer/who is in possession of a Certification Mark
and a valid¢Certificate of Authorization per procedure of
HG-540:Each vessel shall be marked with the Certification
Mark:with the HLW designator shown in Figure
HLW-602.1. The marking shall include the following
data, as shown in Figure HLW-602.2:

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

(2) maximum allowable working pressure.

(3) maximum water temperature.

(4) maximum allowable input in Btu/hr; electric
heaters may use kW or Btu/hr (expressed at the rate
of 3,500 Btu/hr/kW) or both. In lieu of the input markings
storage tanks shall be marked “Storage Only.”

(5) manufacturer’s serial number (this may be a
serial number or a combination model and serial number).

(6) year built (the year built may be incorporated
into the serial number as a prefix containing the last
two digits of the year).

(b) When the Certification Mark and marking required
in (a) is applied directly to the water heater vessel, it shall
be marked with letters and figures at least % in. (8 mm)
high.

(c) Nameplates at least ¥, in. (1.2 mm) thick bearing
the marking required in (a) may be used in lieu of marking
this information directly on the water heater vessel if the
nameplates are permanently attached to the water heater
vessel. In this case, the required data on the nameplate
shall be in characters not less than % in. (8 mm) high
[except as permitted in (e)].

(d) When a nameplate is used, the information listed in
(a), including the Certification Mark, shall be applied by

(23)

Partial Data Reports, provided the Quality Control System
describes the method of identification, transfer, and
receipt of the parts.
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stamping, etching, engraving, dot peening, laser annealing,
or another process that leaves a permanent, legible mark.
No coating that obscures the marking shall be allowed. For
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Figure HLW-602.1
Official Symbol to Denote The American Society of

HLW

processes other than direct stamping, the following addi-
tional 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
shall be at least 0.004 in. (0.10 mm) deep.

(3) Processes that do not remove or displace mate-
rial (e.g., etching, laser annealing) shall be used only on
clean, uncoated, and unpainted surfaces.

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

(e) When there is insufficient space for the nameplate
required in (c), smaller letter dimensions may be used;
provided

(1) marking shall be as required in (a)

Figure HLW-602.2
Form of Marking on Completed Water Heaters

Certified by

(Name of Manufacturer)

HLW Max_ Allowable W. P. [Note (1)]

Max. Watér Temp. [Note (2)]
Max. Allowable Input [Note (3)]

Manufacturer’s Serial No.

Year built

GENERAL NOTE: Acceptable abbreviations of any of the marked
wording may be used.

NOTES.

(2) character size shall be no smaller than 52 in.
(4 mm), and
shall be marked as described in (d)

(f) 1f the required marking is to be covered by insula-
tion, jacket, or other form of casing, one of the following
shall be provided:

(1) an opening with a removal cover for viewing the
marking or stamping.

(2) a nameplate, located in a conspicuous placde on
the jacket, duplicating the required Certification Mark and
data. This plate shall be at least 3 in. x 4 if. (75 mm x
100 mm) in size marked with letters and.numerals at
least % in. (3 mm) high and of either-meétallic material
attached by mechanical means or of any material attached
by an adhesive system meeting‘th€ requirements of

Mandatory Appendix 3.
HLW-602.2 Marking a Proof-Tested Vessel. A

completed vessel or onte tested prior to lining may
have the required (Certification Mark and marking
applied, provided

(a) the proof.test was stopped before any visible
yielding

(b) all.welding was qualified as required by HLW-451

(c) theyMAWP is calculated by the method of HLW-
502.1(d)(2)

{d) the interior of a lined vessel must be inspected to
verify that it was not damaged, and

(e) the completed vessel is subjected to the hydrostatic
test provisions of HLW-505

HLW-602.3 Marking of Parts and Accessories

(a) Parts for which a Manufacturer’s Partial Data
Report, Form HLW-7, is required by HLW-601.2 shall
be marked with the following:

(1) the official Certification Mark shown in
Figure HLW-602.1 with the HLW designator above the
word "Part." The HLW designator and the word "Part"
may be replaced with the PRT IV designator.

(2) the part manufacturer’s name.

(3) the part manufacturer’s serial number.

(b) Inlieu of marking the information described in (a)
directly on the vessel, a nameplate as described in
HLW-602.1 may be used.

(c) Small parts [5-in. (125-mm) O.D. and under] may be
marked with an identification acceptable to the Inspector
(e.g., a bar code, etching, or paint stencil) and traceable to
the Manufacturer’s Partial Data Report in lieu of the
marking described in (a). Such marking shall be of a
type that will remain visible until the part is installed.
The Certification Mark is not required.

{d) A nameplate furnished with the Certification Mark

(1) May be listed as psi or kPa.
(2) May be listed as °F or °C.
(3) Kilowatt (kW) power input for electric boilers.
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on parts may be removed during the completion of the
vessel if all of the following conditions are satisfied:
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(1) The nameplate interferes with further fabrica-
tion or service.

(3) The removal of the nameplate shall be noted in
the Remarks section of the Manufacturer’s Data Report.

(7) The Manufacturer of the rnmp]nf‘nd vessel has

agreement from the Authorized Inspector to remove
the nameplate.

(A) The remoyved hamnp]afn shall be Anchﬂnynﬂ

159
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ARTICLE 7
CONTROLS

HLW-700 CONTROLS

HLW-701 Temperature Control

HLW-701.1 Eachindividual automatically fired water
heater shall have a high temperature limit control that is
separate from the operating control used for normal water
heater operation. The temperature range of the high
temperature limit control. The high temperature limit
control shall cut off the fuel supply at or below the
designed maximum water temperature as indicated on
the water heater’s Manufacturer’s Data Report. This
control shall be constructed to prevent a temperature
setting above the maximum.

(a) On gas-fired water heaters, the high temperature
limit control when actuated shall shut off the fuel
supply with a shutoff means other than the operating
control valve. Separate valves may have a common body.

(b) On electrically heated water heaters, the high
temperature limit control when actuated shall cut off
all power to the operating controls.

(c) On oil-fired water heaters, the high temperature
limit control when actuated shall cut off all.eurrent
flow to the burner mechanism.

(d) On indirect water heating systems, the high
temperature limit control when activated shall cut off
the source of heat.

HLW-702 Limit Controls

Limit controls used with electric circuits should break
the hot or line sides of the control circuit.

HLW-703 Controls and Heat Generating Apparatus

(a) All water heaters should e equipped with suitable
primary (flame safeguard)‘\safety controls, safety limit
switches, and burners, or.electric elements as required
by a nationally recognized standard.>°

(b) The symboleftheé certifying organization'* that has
investigated such{equipment as having complied with a
nationally recognized standard shall be affixed to the
equipment.arid shall be considered as evidence that
the controls and heat generating apparatus were manu-
facturied in accordance with that standard.

HLW-704 Electrical Wiring

HLW-704.1 Electrical Code Compliance. All field
wiring for controls, heat generating apparatus, and other
appurtenances necessary for the operation of the water
heater should be installed in accordance with the provi-
sions of the National Electrical Code and/or should comply
with the applicable local electrical codes. All water heaters
supplied with factory mounted and wired controls, heat
generating apparatus, and other appurtenances necessary
for the operation of the water heaters should be installed
in accordance with the provisions of the nationally recog-
nized standards such as those of HLW-703.%°
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(23)

ARTICLE 8
INSTALLATION REQUIREMENTS

HLW-800 PRESSURE RELIEF VALVES

HLW-800.1 Pressure Relief Valve Requirements
for Water Heaters.

(a) Each water heater shall have at least one tempera-
ture and pressure reliefvalve or atleast one pressure relief
valve. Pressure relief valves shall be of the spring-loaded
safety reliefvalve type. The valve or valves shall be 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 L.

(b) The pressure setting shall be less than or equal to
the maximum allowable working pressure (MAWP) of the
water heater. However, if any of the other components in
the hot water supply system (e.g., valves, pumps, expan-
sion or storage tanks, or piping) have a lesser working
pressure rating than the water heater, the pressure
setting for the pressure relief valve or valves shall’bée
based on the component with the lowest MAWP rating.
If more than one pressure relief valve is used, the.addi-
tional valve or valves may be set within a range not to
exceed 10% over the set pressure of thelfirst valve.
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) The required relieving capacity in Btu/hr of the
pressure relief valve shall not be less than the
maximum allowable input. Alternatively, if the rated
burner input capacity of the water heater is visibly
marked on the whater heater casing, the rated burner
input capacity may be used as a basis for sizing the pres-
sure relief valve! The relieving capacity for electric water
heaters shall' be 3,500 Btu/hr (1.0 kW) per kilowatt of
input/hn-every case, the following requirements shall
be qnet’ Pressure relief valve capacity for each water
heater shall be such that, with the fuel-burning equipment
installed and operated at maximum capacity, the pressure
cannot rise more than 10% of MAWP.

(d) 1f operating conditions are changed or additional
heater heating surface is installed, the pressure relief
valve capacity shall be increased, if necessary, to meet

additional valves required to account for changed condi-
tions may be installed on the outlet pipingprovided there
is no intervening valve.

HLW-801 MOUNTING PRESSURE RELIEF
VALVES

HLW-801.1 Installation. Pressure relief valves shall
be installed by either\ the installer or the manufacturer
before a water heater is placed in operation.

HLW-801:2\Permissible Mountings. Pressure
relief valyesishall be connected to the top of water
heaters’ordirectly to a tapped or flanged opening in
the watet heater, to a fitting connected to the water
heater by a short nipple, to a Y-base, or to a valveless
header connecting water outlets on the same heater.
Pressure relief valves shall be installed with their spindles
upright and vertical with no horizontal connecting pipe,
except that, when the pressure relief valve is mounted
directly on the water heater vessel with no more than
4 in. (100 mm) maximum interconnecting piping, the
valve may be installed in the horizontal position with
the outlet pointed down. The center line of the pressure
relief valve connection shall be no lower than 4 in. (100
mm) from the top of the shell. No piping or fitting used to
mount the pressure relief valve shall be of a nominal pipe
size less than that of the valve inlet.

HLW-801.3 Requirements for Common
Connection for Two or More Valves.

(a) When a water heater is fitted with two or more
pressure relief valves on one connection, this connection
shall have a cross-sectional area not less than the
combined areas of inlet connections of all the pressure
relief valves with which it connects.

(b) A Y-base shall not be used with temperature and
pressure relief valves.

(c) WhenaY-baseisused, theinletareashall be notless
than the combined outlet areas. When the size of the water
heater requires a pressure relief valve larger than 4%,
in. (114 mm) diameter, two or more valves having the

rpq11irpd cambined r‘:\par‘ify shall be used When twa

the new conditions and shall be in accordance with the
above provisions. In no case shall the increased input ca-
pacity exceed the maximum allowable input capacity. The
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or more valves are used on a water heater, they may
be single, directly attached, or mounted on a Y-base.
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HLW-801.4 Threaded Connections. A threaded
connection may be used for attaching a valve.

HLW-809 PROVISIONS FOR THERMAL
EXPANSION IN HOT WATER

HLW-801.5 Prohibited Mountings. Pressure relief
valves shall not be connected to an internal pipe in the
water heater or a cold water feed line connected to
the water heater.

HLW-801.6 Use of Shutoff Valves Prohibited. No
shutoff of any description shall be placed between the
pressure relief valve and the water heater, or on discharge
pipes between such valves and the atmosphere.

HLW-801.7 Pressure Relief Valve Discharge
Piping.

(a) When a discharge pipe is used, its internal cross-
sectional area shall be not less than the full area of the
valve outlet or of the total of the valve outlets discharging
thereinto, and shall be as short and straightas possible and
soarranged as to avoid undue stress on the valve or valves.
When an elbow is placed on a pressure relief discharge
pipe, it shall be located close to the valve outlet.

(b) The discharge from pressure relief valves shall be
so arranged that there will be no danger of scalding atten-
dants. When the pressure relief valve discharge is piped
away from the water heater to the point of discharge, there
shall be provisions for properly draining the piping and
valve body. The size and arrangement of discharge piping
shall be such that it will notreduce the relieving capacity of
the pressure relief valves below that required to protect
the water heater.

HLW-805 WATER SUPPLY

HLW-805.1 Connections. Water supply shall be
introduced into a water heater throughyan independent
water supply connection. Feedwater-shall not be intro-
duced through openings or connections provided for
cleaning, pressure relief valves,drain, pressure gage,
or temperature gage.

HLW-805.2 Pressure. If the water supply pressure
to a water heater exCeeds 75% of the set pressure of the
pressure relief valve, a pressure reducing valve is
required.

HLW-805.3 Stop Valves. Stop valves should be
placed in\the supply and discharge pipe connections of
a water heater installation to permit draining the
water heater without emptying the system.

SYSTEMS

HLW-809.1 Expansion Tank. If a system 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‘te
the thermal expansion of the water, the pressure-relief
valve may open periodically. If an expansiofi“tank is
provided, it shall be constructed in accordance with
Section VIII, Division 1 or Section X:=See Figure
HLW-809.1 for a typical acceptablecsinstallation (and
Table HLW-809.1 for expansion,tank capacities).
Except for prepressurized diaphragm type tanks, which
should be installed on the cold)water side, provisions
shall be made for draining, the tank without emptying
the system.

HLW-809.2 Piping. Provisions shall be made for the
expansion and contraction of hot water mains connected
to water heaters,by providing substantial anchorage at
suitable paints and by providing swing joints when
water heaters are installed in batteries, so that there
will beZno undue strain transmitted to the water
heaters. See Figures HLW-809.1 and HLW-809.2 for
typical schematic arrangements of piping incorporating
Strain absorbing joints.

HLW-810 BOTTOM DRAIN VALVE

(a) Each water heater shall have a bottom drain pipe
connection at the lowest practicable point on the water
heater. A valve or cock shall be fitted to the bottom drain
pipe connection or to the lowest point on piping connected
to the water heater at the bottom drain pipe connection.
The minimum size bottom drain valve shall be NPS 3/,
(DN 20).

(b) Any discharge piping connected to the bottom drain
connection shall be full size to the point of discharge.

(c) The bottom drain valve of a potable water heater
may be installed in a storage vessel piped directly to the
water heater, provided the following requirements are
met:

(1) The entire assembly, comprising a single water
heater and a single storage tank, including all controls,
safety devices, piping, and fittings, has a common
frame or enclosure and shall be listed and labeled for
use by a nationally recognized testing agency.

(2) Thewater heater shall be installed directly on top
of the storage vessel.

(23)
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HLW-820 THERMOMETER
(3) The drain valve shall be installed at the lowest

nractical naint an the ctarage vaccol Each installed water heater shall have a thermometer so
" 4 'Il‘vhe minimum size oofthe bottom drain valve shall located and connected that it shall be easily readable. The
be NPS %, (DN 20). thermometer shall be so located that it shall at all times
indicate the temperature of the water in the water heater

(5) The drain on the storage vessel shall meet the
at or near the outlet.

requirements of (b).

Figure HLW-809.1
A Typical Acceptable Piping Installation for Storage Water Heaters in Battery

Expansion tank
if required
(see HLW-809) —/ Drain valve with

/ suitable drain
Point of use—\

Water heater

/\ with side

Water heater

with vertical safety relief
Preszure.: | \/ tolp sfafety . \// opening § within
reducing valve reli€yopgening 4in. (100 mm) of the
if required A /0 O
\_ . top of the shell
(see HLW-805.2) Qpben drain
J——To open drain

Cold water supply \-3, L ) %Q'
P T \Optional
recirculation
X line [Note (1)]

Drain valve Drain valve

Water Heater With Top Water Heater With Side
Relief Opening Relief Opening

GENERAL NOTE:_ Thermometer requirements are in HLW-820.

NOTE: (1) Recirculation system may be gravity or pump actuated.
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Table HLW-809.1
Expansion Tank Capacities for a Water Heater

Tank Capacities, gal (m®)

System Volume, gal (m?) Prepressurized Diaphragm Type Nonprepressurized Type

50 (0.19) 1 (0.004) 3 (0.011)

100 (0.38) 2 (0.006) 6 (0.023)

200 (0.76) 3 (0.011) 12 (0.045)

300 (1.14) 4 (0.015) 18 (0.068)

400 (1.51) 5 (0.019) 24 (0.091)

500 (1.89) 6 (0.023) 30 (0.114)

1,000 (3.79) 12 (0.045) 60 (0.227)

2,000 (7.57) 24 (0.091) 120 (0.454)

GENERAL NOTES:

(a) Capacities in this Table are given as a guide to reduce or eliminate pressure relief valve weeping under conditionhs of partial water system
demands or occasional water draw during recovery.

(b) System volume includes water heater capacity plus all piping capacity for a recirculation system or water heater capacity only for a nonre-
circulation system.

(c) The capacities are based upon a water temperature rise from 40°F to 180°F (4°C to 82°C), 60 psi (400 kPa) fill pressure, maximum operating
pressure of 125 psi (850 kPa), 20% water recovery, and an acceptance factor of 0.465 for prepressurized types and 0.09156 for nonpre-
pressurized types. A procedure for estimating system volume and for determining expansion tanksizes for other design conditions may be
found in Chapter 12 of the 1996 HVAC Systems and Equipment Volume of the ASHRAE Handbook.

Figure-HLW-809.2
A Typical Acceptable Piping Installation for Flow Through Water Heater With Provisions for Piping
Expansion

Optional flow switch on
flow through
water heater

: i ol

L1 { % ) \
Optional

| /{//O G\P‘l recirculation

line
v “—Drain valve

GENERAL NOTE: Thermometer v‘uqll"vumunfc are-in-HILIAL820
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ARTICLE 9
MODULAR WATER HEATER REQUIREMENTS

HLW-900 GENERAL

The requirements of this Article are applicable to
modular water heaters and parts thereof and shall be
used in conjunction with the general requirements in
Part HLW that are not replaced by the special modular
water heater requirements in this Section.

HLW-901 MARKING

Modular water heaters shall be marked and certified
using one of the following methods:

(a) Individual water heaters are marked and certified
as complete water heaters as follows:

(1) Individual water heaters shall have their own
markings applied per the requirements of HLW-602.
Each individual water heater shall have its own
Manufacturer’s Master Data Report or Manufacturer’s
Data Report, per the requirements of HLW-601.1(aj’
Form HLW-6 shall be used.

(2) The common supply and return headers{are
exempt from Section IV requirements.

(3) The Manufacturer’s Modular Master Data Report
shall summarize specific information fer\each water
heater, including the applicable Manufacturer’s Data
Reports. Form H-1 shall be used.

(b) Multiple individual unmarked modules are
combined together and ceftified as a complete
modular water heater as follows:

(1) Theassembled modular water heater shallhavea
single nameplate per therequirements of HLW-602 and a
Manufacturer’s Modular Master Data Report.

(2) Individwalimodules shall bear the manufacturers
name and be(permanently identified using one of the
methods im HCW-602.3 in a manner traceable to the
assembled“modular water heater nameplate and
Manufac¢turer’s Master Data Report or Manufacturer’s
Data‘Report per the requirements of HLW-601.1(a).
Form HLW-6 shall be used.

(3) The supply and return headers shall be
constructed in accordance with Section IV and recorded
on a Manufacturer’s Data Report. Form HLW-6 shall be
used.

(4) The aggregate maximum input in Btu/hr (KW)

(5) The Manufacturer’s Modular Mastef:Data Report
shall summarize specific information fer each module,
including the applicable Manufacturer's’Data Reports.
Form H-1 shall be used.

HLW-902 INSTRUMENTS, FITTINGS, AND
CONTROLS

(a) Eachindividualwater heater of amodular hot water
heater shall be equipped with

(1) a thermometer (see HLW-820)

(2) an@perating control used for normal water
heater opération (see HLW-701)

(b) The assembled modular water heater shall also be
equipped with a high-temperature limit control that shall
cut’off the fuel supply at or below the maximum water
temperature marked on the water heaters (see
HLW-602 and HLW-701).

(c) When the assembled modular water heater is certi-
fied as a single water heater in accordance with
HLW-901(b), the water heater assembly shall be equipped
with

(1) a thermometer, which may be located in the
supply (i.e., distribution) header (see HLW-820)

(2) an operating control used for normal water
heater operation (see HLW-701)

(3) ahigh-temperature limit control that shall cut off
the fuel supply at or below the maximum water tempera-
ture marked on the water heater (see HLW-602 and
HLW-701)

HLW-903 INSTALLATION REQUIREMENTS

(a) The assembled modular water heater shall be
installed without stop valves between modules and
shall be provided with a single set of stop valves on
the common supply (i.e., distribution) and return or
makeup water headers in accordance with HLW-805.3.

(b) The stop valves required by (a) may be eliminated
when the modular water heater can be drained without
draining the system. Means to allow draining the modular
water heater without emptying the system may include
locating the modular water heater above the system or

(23)

shall be marked on the nameplate.
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(c) Flow control valves and circulating pumps may be
located in the makeup water lines of the individual

modules

(f) The assembled modular water heater shall also be
equipped with

(d) Modular water heaters that are installed side by
side, front to back, or by stacking in accordance with
the Manufacturer’s recommendations shall have their
nameplate marking located to provide access for inspec-
tion in the assembled position.

(e) Each individual water heater of a modular water
heater shall be equipped with

(1) one or more pressure relief valves (see HLW-800
and HLW-801)

(2) abottom drain valve, which may be replaced by
one or more bottom drain valves located on the return
header or piping connected to the water heater drain
pipe connection provided the arrangement of the
modules is such as to allow the drain valve or valves
to drain the entire water heater [see HLW-810(a) and
HLW-810(b)]

(1) 3 makeun water connection {see HILWW-805)
=7 r \Y J

(2) provision for thermal expansion, if required (see
HLW-809)

(g) When the assembled modular water heater is certi-
fied as a single water heater in accordance with
HLW-901(b), it shall be equipped with

(1) one or more pressure relief valves, which may-be
located on the supply header (see HLW-800(and
HLW-801)

(2) one or more bottom drain valves located on the
return header or piping connected to the-water heater
drain pipe connection provided the arsafigement of the
modules is such as to allow the drain‘valve or valves
to drain the entire water heater Jseé HLW-810(a) and
HLW-810(b)]

(3) a makeup water conmection (see HLW-805)

(4) provision for thermalexpansion, if required (see
HLW-809)
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MANDATORY APPENDIX 2
CODES, STANDARDS, AND SPECIFICATIONS REFERENCED IN
TEXT

2-100 REFERENCE STANDARDS

Specific editions of standards incorporated in this Code
are shown in Table 2-100. It is not practical to refer to a
specific edition of each standard throughout the Code text,
so edition references are centralized here. Table 2-100
will be revised at intervals and reissued as needed.

Listed below are the names, acronyms, and addresses of
specific organizations referred to in this Code.

Publisher: American National Standards Institute (ANSI),
25 West 43rd Street, New York, NY 10036 (212) 642-
4900 (http://www.ansi.org)

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(877) 909-2726 (http://www.astm.org)

Publisher: American Society of Heating, Refrigerating.and
Air-Conditioning Engineers, Inc. (ASHRAE), 180
Technology Parkway NW, Peachtree Cerners, GA
30092 (800) 527-4734, (404)(636-8400
(http://www.ashrae.org)

Publisher: Canadian Standards Association (CSA), 5060
Spectrum Way, Mississauga, Ontario L4W 5N6,
Canada (416) 747-4000 (404) 636-8400
(http://www.csa.ca)

Publisher: German Institute for Standardization (DIN),
DIN Deutsches Institut fiir Normwing e. V., Am DIN-
Platz, Burggrafenstrasse 6, 10787 Berlin, Germany
+49 30 2601-0 (http://wwwdin.de)

Publisher: National Fire Protection Association (NFPA), 1
Batterymarch Park, Quincy, MA 02169 (617) 770-3000
(404) 636-8400 (http://www.nfpa.org)

Publisher: Natienal Sanitation Foundation (NSF
International), 789 North Dixboro Road, Ann Arbor,
MI 48143 (800) 673-6275 (734) 769-8010
(httpy/ /www.nsf.org)

Publisher: Underwriters Laboratories, Inc. (UL), 333
Pfingsten Road, Northbrook, IL 60062-2096 (847)
272-8800 (734) 769-8010 (http://www.ul.com)

2-200 ORGANIZATIONS

For names, acronyms, and addresses of specific orga-
nizations referred to in this Code, see Nonmandatory
Appendix H.
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Table 2-100

(49)

Code H :
CTOGeS; T

Document Designator Document Title
ASME Standards
B16.1 Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250
B16.3 Malleable Iron Threaded Fittings: Classes 150 and 300
B16.4 Gray Iron Threaded Fittings: Classes 125 and 150
B16.5 Pipe Flanges and Flanged Fittings: NPS %, Through NPS 24 Metric/Inch Standard
B16.9 Factory-Made Wrought Buttwelding Fittings
B16.11 Forged Fittings, Socket-Welding and Threaded
B16.15 Cast Copper Alloy Threaded Fittings: Classes 125 and 250
B16.20 Metallic Gaskets for Pipe Flanges
B16.21 Nonmetallic Flat Gaskets for Pipe Flanges
B16.24 Cast Copper Alloy Pipe Flanges, Flanged Fittings, and Valves:: Classes 150, 300;:600, 900, 1500, and 2500
B16.42 Ductile Iron Pipe Flanges and Flanged Fittings: Classes 150 and 300
B36.10M Welded and Seamless Wrought Steel Pipe
B36.19M Stainless Steel Pipe
CA-1 Conformity Assessment Requirements
QAI-1 Qualifications for Authorized Inspection

National Sanitation Foundation (NSF) International Standard
NSF/ANSI 14 Plastic Piping System Components and Related\Materials

Underwriters Laboratories Standards for Safety
UL 353 Standard for Limit Controls

UL 969 Standard for Marking and Labeling Systems

American Society for Testing and Materials (ASTM)

ASTM A126 Standard Specificatiorpfor Gray Iron Castings for Valves, Flanges, and Pipe Fittings

ASTM B6 Standard Specification for Zinc

ASTM B733 Standard Specifieation for Autocatalytic (Electroless) Nickel-Phosphorus Coatings on Metal
ASTM D570 Standard Test’Method for Water Absorption of Plastics

ASTM E8/E8M Standard Test Methods for Tension Testing of Metallic Materials

ASTM E9 Standard Test Methods of Compression Testing of Metallic Materials at Room Temperature

Deutsches Institut fiir Normung e. V. (DIN)
DIN 443 Sealing Push-in Caps

GENERAL NOTE: Unless otherwise noted, the latest edition shall apply.
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MANDATORY APPENDIX 3
ADHESIVE ATTACHMENT OF NAMEPLATES TO CASING

3-100 SCOPE

This Appendix covers the qualification of procedures for
the adhesive attachment of nameplates. The use of adhe-
sive systems for the attachment of nameplates shall be
permitted only under the following conditions:

(a) The adhesive used is a pressure-sensitive acrylic
adhesive that has been preapplied by the nameplate
manufacturer.

(b) The nameplate material has a minimum thickness
of 0.002 in. (0.05 mm).

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

(d) The nameplate is applied to a clean surface.

(e) The nameplate application procedure is qualified as
outlined in 3-101.

(f) The preapplied adhesive is used within 2 yr of its
application.

3-101 NAMEPLATE APPLICATION
PROCEDURE QUALIFICATION

(a) Each nameplate manufacturer’s construction shall
be qualified in accordance with ANSI/UL 969, Marking and
Labeling Systems, for a surface temperature rating greater
than that achieved on the surface of the casing in the area

where the nameplate is applied during operation. The
exposure conditions shall be for high humidity or occa-
sional exposure to water. In additien\ if the boiler or
water heater is designed and markedfor outdoor installa-
tion, indoor-outdoor qualification shall be obtained with a
cold box temperature of -40°K(<40°C).

(b) Each lot or package of-hameplates shall be marked
with the adhesive application date.

(c) The manufacturer’s quality control system shall
define that written procedures, acceptable to the
Authorized Inspector (or ASME Designee for cast iron
boilers), for/the'application of adhesive backed name-
plates shall'be prepared and qualified. The application
procedure qualification shall include the following essen-
tial vaniables:

(1) each nameplate manufacturer’s material and
construction, including thickness range, UL File No.,
and rated substrate temperature(s) and finish

(2) the maximum temperature achieved on the
surface of the casing in the area at which the nameplate
is applied

(3) cleaning requirements for the surface to which
the nameplate is applied

(4) application temperature range and pressure
technique
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(23)

MANDATORY APPENDIX 4
GUIDE TO MANUFACTURER’S DATA REPORT FORMS

4-100 INTRODUCTION

(a) The following pages are a guide for completing the
Manufacturer’s Data Report Forms. The explanations
included in the guide are keyed to the Manufacturer’s
Data Report Forms in the following manner:

(1) Circled numbers on each of the Manufacturer’s
Data Report Forms refer to the items listed on the
guide (Table 4-1). The parenthesized numbers on the
guide (Table 4-1) correspond to the circled numbers
on the Manufacturer’s Data Report Forms.

(2) Numbers without circles appearing in the guide
identify specific lines on the Manufacturer’s Data Report
Forms.

(b) Any quantity to which units apply shall be entered
on the Manufacturer’s Data Report Forms with the chosen
units. Manufacturer’s Data Report Forms appearing in this
section may be obtained from The American Society of
Mechanical Engineers (ASME), Two Park Avenue, New
York, NY 10016-5990 (www.asme.org).

4-200 MANUFACTURER’S DATA REPORT
FORMS

(a) Manufacturer’s Data Report Forms may be
preprinted or computer-generated. M@nufacturer’s
Data Report Forms shall be identical in size, arrangement,
and content as purchased Manufacturer’s Data Report
Forms or to those shown in this;Appendix, except that
additional lines may be added\as necessary.

(b) When using Manufacturer’s Data Report Forms that
result in multiple pages, ‘€ach page shall be marked to be
traceable to the first page of the form as follows:

(1) For Forms H-1, H-2, H-3, and HLW-6, each page
shall show, at'the top of the page, as a minimum, the
Manufacturer’s name and serial number and National
Board number as shown on the first page.

(2) For Forms H-4 and HLW-7, each page shall’show,
at the top of the page, as a minimum, the Manufacturer’s
name and Manufacturer’s Data Report Form D humber as
shown on the first page.

(3) For Forms H-5 and H-5A, each page shall show, at
the top of the page, as a minimum;\the Manufacturer’s
name and Boiler type or model\number as shown on
the first page.

(c) Additionally on all\ Manufacturer’s Data Report
Forms, each sheet shall contain the page number of
that page and the total number of pages that comprise
the complete form.

(d) These<requirements do not apply to the
Manufactuter’s Data Report Supplementary Sheet
(Form Hs6)'since that form is intended to be a single-
page fotm attached to a Manufacturer’s Data Report
Form (see HG-520.3 or HLW-601.3).

(¢) These requirements do not apply to Form HLW-8
since that form is intended to be a single-page form.

4-300 CERTIFICATE OF CONFORMANCE
FORMS

(a) Certificate of Conformance Forms are intended to
be single-page forms. This includes Forms HC-1, HC-2,
HA-1, and HA-2.

(b) Certificate of Conformance Forms may be
preprinted or computer-generated. Certificate of
Conformance Forms shall be identical in size, arrange-
ment, and content to purchased Certificate of
Conformance Forms or to those shown in this Appendix.
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Table 4-1
Guide for the Preparation of Section IV Manufacturer’s Data Report Forms

Applies to Form Reference
to Circled
Numbers in
H1 H-2 H-3 H-4 H-5 H-5A H-6 HLW-6 HLW-7 HLW-8  the Forms Instructions
X X X X X X X X X X 1) Name and address of manufacturer (i.e., maker of all components
not covered by Partial Data Reports).
X X X X ... ... X X X e 2) Name and address of purchaser and/or owner.
X X X X ... ... X X el 3) Name and address of location where unit is to be installed. If not
known, so indicate (e.g., “not known — built for stock”).
X X X ... X X X ... S X (4) Show type or model of unit documented by this Manufacturer's Data Report.
X X X X ... ... X X X . (5) Identification of unit by applicable numbers.If intended forinstallation in
Canada, indicate the Canadian design registratiop‘fiumber and
drawing number.
X X X X ... ... X X X . (6) Year in which fabrication was completed in_shop.
X X X X X X (7) Date (year) of Section IV edition to which beiler or part was designed.
X X X X ... ... ... X X e (8) Issue date of most recent addenda ta@_Section IV to which boiler or
part was designed (e.g., “Decembér1997”).
X X X X ... ... ... X e 9) Code Case number, if applicable:

X e e e e e e (10) Show quantity and inside dimeénsions. If more than two shells or
drums are used, enter data, inline 14.

X X X ... ... ... X X X (11) Show the complete ASME 'material specification number and
grade as listed in the' appropriate stress allowance table in Section
IV (e.g., “SA- 285-B™) Exception: A specification number for a
material nof/identical to an ASME Specification may be shown
only if suchumaterial has been approved for Section IV construction
by an ASME interpretation case ruling and provided the applicable
case _number is also shown.

X X X s (12) Indicate type of joint(s).

X X X e (13) Show joint efficiency for welded joints.

X (14) Show number of furnaces in boiler.

X (15) For cylindrical furnaces of the Adamson, ring-reinforced, and
combined types, show total length only.

X . (16) For stayed (firebox) type furnace, complete line 12 also.

X . 17) If threaded, show diameter at root of thread.

X . (18) Minimum cross-sectional area after deducting for telltale hole.

X . (19) Maximum allowable working pressure for the stayed area
calculated according to the rules contained in Part HG of Section IV.

X (20) Type of stay or brace (e.g., diagonal, gusset, girder, through, etc.).

X (21) Minimum cross-sectional area of the stay or brace multiplied by the
number of stays or braces supporting the area under consideration.

X (22) See applicable paragraphs and figures in Part HG of Section IV.

) N e e (23) List parts not covered elsewhere on the Manufacturer’'s Data Report.
If insufficient space, attach a supplementary sheet.

X e el e e e e (24) Tabulate data for parts listed on line 14.

X X &X\v.. ... ... X ... .. (25) Show data for main and auxiliary inlets and outlets, nozzles, inspection
openings, pressure relief valve openings, drains, and blowoffs. This
does not apply to small openings for water column, controls, vents, etc.

X X. X X ... oo o e e (26) Maximum allowable working pressure.
XX o s e e e e e (27) Show Section IV paragraph that applies to the weakest part of the
unit as established by calculation or deformation test.

X e e e e e (28) Boiler heating surface calculated in accordance with HG-403A of
Section IV.

171



https://asmenormdoc.com/api2/?name=ASME BPVC.IV (ASME BPVC Section 4) 2023.pdf

ASME BPVC.IV-2023

Table 4-1

Guide for the Preparation of Section IV Manufacturer’s Data Report Forms (Cont’d)

Applies to Form Reference
to Circled
Numbers in
H1 H-2 H-3 H4 H5 H5A H-6 HLW-6 HLW-7 HLW-8  the Forms Instructions
X X (29) Hydrostatic or pneumatic pressure applied in accordance with HG-510
or HG-511 and witnessed by the Authorized Inspector.
X X (30) To be completed when one or more components comprising the unit
are furnished by others and certified by the applicable Manufacturer’s
Partial Data Report(s).
X X X X X X X (31) The manufacturer's ASME Certificate of Authorization number
and date of expiration of said authorization.
X X X X X (32) This line is to be completed and signed by an authorized
representative of the manufacturer.
X X X X (33) This certificate is to be completed by the Authorized Inspection
Agency representative who performs the in-shop, inSpection.
X X (34) Indicate the data items covered on the applicable form by line
numbers.
X X X (35) Indicate by line numbers those items furnished by others and for which
the applicable Manufacturer’s Partial. Data Reports have been examined.
X X X X X (36) The Inspector's National Board Authorized Inspector commission
number must be shown.
X X X (37) The assembler's ASME/Certificate of Authorization number and
date of expiration of €aid ‘authorization.
X X X (38) This line to be completed, when applicable, and signed by an
authorized representative of the organization responsible for
field assembly of the boiler.
X X X (39) This certifieaté to be completed by the Authorized Inspection
Agency. representative who performs the field assembly inspection.
X X X (40) Indicate by line numbers from the applicable Manufacturer's Data Report
those items inspected in the field that were not inspected in the shop.
X X X (41) Nominal thickness of plate.
...... X X (42) Minimum thickness after forming.
...... X X (43) Radius on concave side of dish.
...... X X (44) Shop hydrostatic test, if any, applied to individual part prior to
test applied to the assembled boiler (see lines 33 and 35).
...... X X (45) This line for headers not covered as items 7 through 10. It is
intended primarily for sectional headers on straight tub
watertube boilers.
X X (46) Indicate shape as flat, dished, ellipsoidal, torispherical, or
hemispherical.
X X (47) Use inside dimensions for size.
X X (48) Indicate shape as square, round, etc.
X X (49) Outside diameter.
X ... (50) Minimum thickness of tubes.
X X (51) Size.
X X (52) Describe type as flanged, welding neck, etc.
X (53) Show name of part (e.g., steam drum, waterwall header).
X (54) Show data line number on applicable Manufacturer’'s Partial Data
Report for the named part.
XNYX X (55) Any additional information to clarify the Manufacturer's Data Report
should be entered here.

X X (56) List each individual section that makes up boiler assembly. Show
pattern and/or part number for each section. Show drawing
number for each section. Show metal thickness for each section
as indicated on the drawings. List each section of the complete
boiler.

X X (57) Show bursting pressure of each section of boiler. Show

thickness measured at the break or fracture of each section

Indicate weight of each section.
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Table 4-1
Guide for the Preparation of Section IV Manufacturer’s Data Report Forms (Cont’d)

Applies to Form Reference
to Circled
Numbers in
H-1 H-2 H-3 H-4 H-5 H-5A H-6 HLW-6 HLW-7 HLW-8 the Forms Instructions

X .. .. . L. - (58)  Indicate minimum specified tensile strength for the class of iron
as set forth in Table HC-300.

X X .. o0 .. e (59)  Indicate sections of boiler that represent specimen test bars.
Show results of each specimen tested (tensile strength).

X oo oo X o e Ce C (60) Show maximum allowable working pressure as determined‘by
Formula HC-402 and by values allowed by Formula HC-402.

X X .. o0 .. X (61)  The individual designated to conduct tests, the designated
manufacturer’s representative who witnesses test and date or
dates on which destruction tests were conducted.

X X .. o0 .. e (62)  Designated responsible engineering headcértifying the tests and
date.

X . e (63) Show quantity and dimensions.
X X - (64)  Type of lining, if applicable.
X i e oes s X X X (65)  Maximum allowable working pressure established in accordance
with HLW-300 or HLW-500%0f Section V.
X X - (66) Indicate maximum allowable’input,_____ For tanks
used for storage, indicate “storage only.”
X o ... ... ... X X - (67)  Maximum temperatlre in accordance with HLW-300 of Section IV.
X o e e e e e X X A (68) Hydrostatic presstre applied in accordance with HLW-505 of
Section IV ahd’witnessed by the Authorized Inspector.
X (69) Part of.-vessel yielding first should be indicated.
X (70)  Pressure at which yielding occurs as evidenced by flaking of the
brittle coating or by appearance of strain lines.
X (71)  (Show yield strength for each of the three specimens and average
of the three.
X oo o ool X - (/2)  This ID number is a unique identifying number for this form,
which may be assigned by the Certificate Holder if desired.
X X X X ... oo a0 L e (73)  Maximum water temperature.
X e Ce AN (74) Fill in information identical to that shown on the Manufacturer’s
Data Report Form to which this sheet is supplementary.
), e - (75) Indicate minimum specified tensile strength for the aluminum
alloy as set forth in Section Il, Part D, Table 6B.
X .. WO e (76)  Show maximum allowable working pressure as determined by

Formula HA-402.

GENERAL NOTE: Any quantity toswhich units apply shall be entered on the Manufacturer’s Data Report With the chosen units.
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ASME BPVC.IV-2023

FORM H-1 MANUFACTURER’S MODULAR MASTER DATA REPORT FOR

MODULAR BOILERS OR MODULAR WATER HEATERS

As Required by the Provisions of the ASME Code Rules, Section IV

CERTIFIED AS (check one) H JHLW[ ]

Page of

1. Manufactured and certified by @

2. Manufactured for

3. Location of installation.

(name and address of manufacturer)

@

(name and address of purchaser)

®

(name and address)

4. ldentification of individual marked and certified boilers or water heaters combined to form a modular unit

a)
b)
c)
d)
e)

f)

®

(boiler or water heater) (manufacturer’s serial no.) (CRN) (National Bd. no.) (year built)
®

(boiler or water heater) (manufacturer’s serial no.) (CRN) (National Bd. no.) (year built)
® ® ®

(boiler or water heater) (manufacturer’s serial no.) (CRN) (National Bd. no.) (yearbuilt)
® ® ®

(boiler or water heater) (manufacturer’s serial no.) (CRN) (National Bd. no.) (year built)
® ® ®

(boiler or water heater) (manufacturer’s serial no.) (CRN) (National Bd. no.) (year built)
® ® ®

(boiler or water heater) (manufacturer’s serial no.) (CRN) (NationalBd. noY) (year built)

5. Identification of modular boiler or water heater with individual unmarked.modules combined and certified as a
complete modular boiler or water heater with associated Manufacturer’'s’Data Reports listed in 9. below.

a) ® ® ®
(boiler or water heater) (manufacturer’s serial no.) (CRN) (National Bd. no.) (year built)
6. The design conforms to ASME Code, Section IV, 9) ©
(year) [addenda (as applicable)(date)] (Code Case no.)

7. MAWP_®O®®  Maximum water temperature @0 Maximum input

8. (a) Shop hydro or pneumatic test ® Shop hydro test

(boiler) (water heater)
8. (b) Field hydro test ®
(boiler) (water heater)

9. Other items or remarks

(07423)
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ASME BPVC.IV-2023

FORM H-1 (BACK) o .
age o

CERTIFICATE QF SHOP COMPLIANCE

We certify that the statements made in this Manufacturer’s Modular Master Data Report are correct and that all details of design,
material, construction, and workmanship of this modular boiler or water heater conform to Section IV of the ASME BOILER AND
PRESSURE VESSEL CODE.

“H” or “HLW?” Certificate of Authorization no. (D) expires

Date_ @ Signed Name

(by representative) (manufacturer that constructed and certified boiler)

@ CERTIFICATE OF SHOP INSPECTION

Modular boiler or water heater constructed by at

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectersiand employed by

have inspected this modular boiler or water heater and have examined the Manufacturer’s Master Data/Data,Reports for items and
state that, to the best of my knowledge and belief, the manufacturer has constructed this modular boiler or water heater in
accordance with the applicable sections of the ASME BOILER AND PRESSURE VESSEL CODE.

By signing this certificate neither the Inspector nor his employer makes any warranty, expressed orimplied, concerning the modular
boiler or water heater described in this Manufacturer’'s Modular Master Data Report. Furthermore, neither the Inspector nor his
employer shall be liable in any manner for any personal injury or property damage or a loss 6f any kind arising from or connected
with this inspection.

Date Signed Commission

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE

We certify that the field assembly construction of all parts of this modular boiler or water heater conforms with the requirements of
Section IV of the ASME BOILER AND PRESSURE VESSEL €ODE.

“H” or “HLW” Certificate of Authorization no. @ expires

Date_ @@ Signed Name

(by representative) (assembler that certified and constructed field assembly)

@9 CERTIFICATE.OF FIELD ASSEMBLY INSPECTION IF REQUIRED

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

have compared the statements (in)this Manufacturer’'s Modular Master Data Report with the described modular boiler or water
heater and state that the parts referred to as related items

~hot.included in the certificate of shop inspection, have been inspected by me and that to the best of my
knowledge and beliefithe manufacturer and/or the assembler has constructed and assembled this modular boiler or water heater
in accordance with the applicable sections of the ASME BOILER AND PRESSURE VESSEL CODE. The described modular boiler
or water heatefiwas inspected and subjected to a hydrostatic test of
By signing.this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the modular
boiler or water heater described in this Manufacturer's Data Report. Furthermore, neither the Inspector nor his employer shall be
liable in_any manner for any personal injury or property damage or a loss of any kind arising from or connected with this inspection.

Date Signed Commission

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(07/23)
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ASME BPVC.IV-2023

FORM H-2 MANUFACTURER’S DATA REPORT FOR ALL TYPES OF BOILERS
EXCEPT WATERTUBE AND THOSE MADE OF CAST IRON OR CAST ALUMINUM
As Required by the Provisions of the ASME Code Rules, Section IV

MANUFACTURER’S MASTER DATA REPORT (check one) YES[ | NO[ | Page of
1. Manufactured and certified by
(name and address of manufacturer)
2. Manufactured for )
(name and address of purchaser)
3. Location of installation ®
(name and address)
4. Unit identification @ ® ®
(complete boiler, superheater, (manufacturer’s serial no.) (CRN) (drawing no.) (National Bd. no.) (year built),
waterwall, etc.)
5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE_VESSEL
CODE. The design conforms to ASME Code, Section IV, @ @
(year) [addenda (as applicable)(date)] (Cedé Case no.)
Manufacturer’s Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the followingdtems of
this report
(name of part, item number, manufacturer’s name, and identifying stamp)
6. Shells or drums (G)
(no.) (material spec., gr.) (thickness) (inside diameter) [length (overall)] (inside diameter) [length (overall)]
7. Joints &) ® @
[long. (seamless, welded)] [eff. (compared to seamless)] [girth (seamless, welded)} (no. of shell courses)
8. Tubesheet ©) Tube holes
(material spec., grade) (thickness) (ntimbérand diameter)
9. Tubes: No. Diameter Length Gauge
(material spec., grade) (straight or bent) (if various, give max. @nd min.) (or thickness)
10. Heads ©)
(material spec. no.) (thickness) (flat,"dished, ellipsoidal) (radius of dish)
11. Furnace @ (©) © ® eams
(material spec., gr.) (thickness) (no.) [size (O.D. or W x H)] [length (each section(] (total) [type (plain, corrugated, etc.)] [type (seamless, welded)]
12. Staybolts @ ©)
0.) [size (diameter)] (material spec., gr.) (size) (telltale) (net area) [pitch (horizontal and vertical)] (MAWP)
13. Stays or braces:
Material Number, Total Fig. HG-343 Dist. Tubes
Location Spec. Type and Size Pitch Net Area L/ to Shell MAWP
(a) F.H. above tubes ® [2) @ [2)
(b) R.H. above tubes
(c) F.H. below tubes
(d) R.H. below tubes
(e) Through stays
14. Other parts: 1. ® 2. 3.
(brief description, i.e., dome, boiler piping)
1.
2.
3.
(material spec., grade, size, material thickness, MAWP)
15. Nozzles, inspection) and pressure relief valve openings: @
Purpose Diameter How Nominal Reinforcement
(inlet, outlet, drain, etc.) No. or Size Type Attached Material Thickness Material Location
Handhole NA NA
Manhole
®@
(07/23)
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ASME BPVC.IV-2023

FORM H-2 (Back) Page of
Manufactured by ®
Mfr’s Serial No. ® National Board No. ®
16. Boiler supports
(no.) [type (saddles, legs, lugs)] [attachment (bolted or welded)]
17. MAWP Based on Heatingsurface _____ &  Shop hydro. test
(Code par. and/or formula) (total) (complete boiler)

18. Maximum water temperature

19. Remarks

CERTIFICATE OF SHOP COMPLIANCE

We certify that the statements made in this data report are correct and that all details of design,~material, construction, and workmanship of
this boiler conform to Section IV of the ASME BOILER AND PRESSURE VESSEL CODE.
“H" Certificate of Authorization no. # expires ,

Date @ Signed Nafme

(by representative) (manufacturer that constructed and certified boiler)

@ CERTIFICATE OF SHOP INSPECTION
Boiler constructed by at .
I, the undersigned, holding a valid commission issued by the NationalklBoard of Boiler and Pressure Vessel Inspectors and employed by

have inspected parts of this boilér referred to as data items and
have examined Manufacturer’s Partial Data Reports for items
and state that, to the best of my knowledge and belief, the magufacturer has constructed this boiler in accordance with the applicable sections
of the ASME BOILER AND PRESSURE VESSEL CODE.

By signing this certificate neither the Inspector nor hiscemployer makes any warranty, expressed or implied, concerning the boiler described in

this Manufacturer’s Data Report. Furthermore, neithepthe Inspector nor his employer shall be liable in any manner for any personal injury or
property damage or a loss of any kind arising from{orconnected with this inspection.

Date Signed Commission

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE
We certify that the field assembly-construction of all parts of this boiler conforms with the requirements of Section IV of the ASME BOILER
AND PRESSURE VESSEL CODE.

“H" Certificate of Authorization-no. # expires

'

Date Signed Name

(by representative) (assembler that certified and constructed field assembly)

CERTIFICATE OF FIELD ASSEMBLY INSPECTION
I, the undersigned; holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

have compared the statements in this Manufacturer’s Data Report with the described boiler and state that

the pafts referred to as data items not included in the certificate of shop inspection, have

beén‘inspected by me and that to the best of my knowledge and belief the manufacturer and/or the assembler has constructed and assembled
this boiler in accordance with the applicable sections of the ASME BOILER AND PRESSURE VESSEL CODE. The described boiler was inspected
and subjected to a hydrostatic test of .

By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the boiler described in
this Manufacturer’'s Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any manner for any personal injury ar
property damage or a loss of any kind arising from or connected with this inspection.

Date Signed Commission

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(07/17)
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ASME BPVC.IV-2023

FORM H-3 MANUFACTURER’S DATA REPORT FOR WATERTUBE BOILERS
AND ECONOMIZERS
As Required by the Provisions of the ASME Code Rules, Section IV

szl 1 aaea ]
MANUFACTURER' S MASTER DATAREPORT (ctheckome) YESTTNOTT

Page of
1. Manufactured and certified by @
(name and address of manufacturer)
2. Manufactured for @
(name and address of purchaser)
3. Location of installation ®
(name and address)
4. Unitidentification @ ©) ®
(complete boiler, superheater, (manufacturer’s serial no.) (CRN) (drawing no.) (National Bd. no.) (year Builty

waterwall, economizer, etc.)

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

CODE. The design conforms to ASME Code, Section IV, @
(year) [addenda (as applicable)(date)] (Code Case no.)
6. (a) Drums:
Inside Shell Plates Tube Sheets T”"Ef}f'i';':n';'gi;“em
No. Diameter Inside Length Y. %
. . . . . . . Longitu- Circum-
Material Spec. Grade Thickness Inside Radius Thickness Inside Radius dinal ferential
1 @
2
Longitudinal Circum.
Joints Joints Heads Hydro-
No. static
No. & Effi- No. & Effi- ) ) Radius Test
Type* ciency Type ciency Material Spec. Grade Thickness, Type** of Dish
1 ®
2
*Indicate if (1) seamless, (2) fusion welded. **Indicate if (1) flat, (2) dished, (3) ellipsoidal, (4) hemispherical.
6. (b) Boiler tubes: 6. (c) Headers no @ or
" (box or sinuous or round, material spec. no., thickness)
) ) Material How
Diameter Thickness Spec. No. Grade No. Attached Héads or ends @ Hydro. test
(shape, material spec. no.,
thickness)
6+(d) Staybolts [®)
(material spec. no., diameter, size telltale, net area)
Pitch Net area Design pressure
(supported
by one bolt)
6. (e) Mud drum @ or @  Heads or ends @ Hydro. test
(for sect. header boilers state size, (shape, material spec. no.,
shape, material spec. no., thickness) thickness)
7. Waterwall headers:
No. Size and Shape spgﬂci_“ﬁrolélsr_ Thickness Shape Thickness SpggtﬁgélGr_ H1¥:£? ) Diameter Thickness spgca_tﬁjgéler_
1 @ @) or @) @
2
3
8. (a) Other parts or economizers (1) (2) 3) (b) Tubes for other parts or economizers
1
2
3
9. Nozzles, inspectioh, and pressure relief valve openings: ®
Purpose Diameter How Nom. Reinforcement
(infety outlet, drain, etc.) No. or Size Type Attached Material Thickness Material Location
Handhole &) ® NA NA
Manhole
(07/23)
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