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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Pressure Vessel Committee was superseded by the following committees: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)
(g) Committee on Welding, Brazing, and Fusing (IX)
(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)
(i) Committee on Nuclear Inservice Inspection (XI)
(j) Committee on Transport Tanks (XII)
(k) Committee on Overpressure Protection (XIII)
(l) Technical Oversight Management Committee (TOMC)
Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and

collectively.
TheCommittee’s function is to establish rules of safety relating topressure integrity,whichgovern the construction** of

boilers, pressure vessels, transport tanks, and nuclear components, and the inservice inspection of nuclear components
and transport tanks. TheCommittee also interprets these ruleswhenquestions arise regarding their intent. The technical
consistency of the Sections of the Code and coordination of standards development activities of the Committees is
supported and guided by the Technical Oversight Management Committee. This Code does not address other
safety issues relating to the construction of boilers, pressure 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 relevant documents for safety issues other than those relating to pressure
integrity. Except for SectionsXI andXII, andwith a fewother exceptions, the rules donot, 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 Committee considers the needs of users, manufacturers, and inspectors of pres-
sure vessels. The objective of the rules is to afford reasonably certain protection of life and property, and to provide a
margin for deterioration in service to 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 are not specifically addressed should not be considered prohibited. The Code is not a handbook
and cannot replace education, experience, and the use of engineering judgment. The phrase engineering judgment refers
to technical judgments made by knowledgeable engineers experienced in the application of the Code. Engineering 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
Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code neither
requires nor prohibits the use of computers for the design or analysis of components constructed to the requirements of
the Code. However, designers and engineers using computer programs for design or analysis are cautioned that they are
responsible for all technical assumptions inherent in theprograms theyuse and the applicationof theseprograms to their
design.
* The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance with
ANSI's requirements for an ANS. Therefore, this Forewordmay containmaterial 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 comprisingmaterials, 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
proprietaryor specificdesign, or as limiting in anyway themanufacturer’s freedomtochooseanymethodofdesignorany
form of construction that conforms to the Code rules.
The Committeemeets 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 inwriting
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries will be
presented to theCommittee for appropriateaction.Theactionof theCommitteebecomeseffectiveonlyafter confirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Committee are
submitted to the American National Standards Institute (ANSI) and published at http://go.asme.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 are to be directed to the ASME

Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Code are to be directed to the
Committee. ASME is to be notified should questions arise concerning improper use of the ASME Single
Certification Mark.
Whenrequiredbycontext in thisSection, thesingular shall be interpretedas theplural, andviceversa, 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 follows:
– Shall is used to denote a requirement.
– Should is used to denote a recommendation.
– May is used to denote permission, neither a requirement nor a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN

ADVERTISING

ASMEhas established procedures to authorize qualified organizations to performvarious activities in accordancewith
the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide recognition of
organizations so authorized. An organization holding authorization to perform various activities in accordance with the
requirements of the Code may state this capability in its advertising literature.
Organizations that are authorized to use the ASME Single Certification Mark for marking items or constructions that

havebeenconstructedand inspected in compliancewith theASMEBoiler andPressureVessel Codeare issuedCertificates
ofAuthorization. It is theaimof theSociety tomaintain thestandingof theASMESingleCertificationMark for thebenefit 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

ASMESingleCertificationMark,CertificatesofAuthorization, andreference toCodeconstruction.TheAmericanSocietyof
Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any item, construction, or activity and there shall
be no statements or implications thatmight so indicate. An organization holding the ASMESingle CertificationMark 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.
TheASMESingleCertificationMark shall beusedonly for stampingandnameplates as specifically provided in theCode.

However, facsimiles may be used for the purpose of fostering the use of such construction. Such usage may be by an
association or a society, or by aholder of theASMESingle CertificationMarkwhomay 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
IDENTIFY MANUFACTURED ITEMS

TheASMEBoiler and Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements formaterials, design, fabrication, examination, inspection, and stamping. Items
constructed in accordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described in the governing Section of the Code.
Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification

Mark shall not be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code.
Items shall not be describedonASMEDataReport Formsnor on similar forms referring toASME 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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ð23ÞCORRESPONDENCE WITH THE COMMITTEE

General
ASME codes and standards are developed andmaintained by committeeswith the intent to represent the consensus of

concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and 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 ASMEBPVC Section II, Part D for guidelines on requesting approval of newmaterials. See Section II, 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 incorporate 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 at http://go.asme.org/BPVCerrata. Errata and Special

Notices become effective on the date posted. Users can register on the committeewebpage to receive e-mail notifications
of posted errata and Special Notices.
This Code is always open for comment, and the committeewelcomes 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 background information and supporting documentation.

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation

directly into the Code
(4) to permit use of a 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, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The committee will consider proposed cases concerning the following topics only:
(1) 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) Aproposedcase shall bewrittenasaquestionandreply in the same formatasexisting cases. Theproposal 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 is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approvedwill 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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Supplementswill be sent ormade available automatically to the purchasers of the CodeCases books until the next edition
of the Code. Annulments of Code Cases become effective six months after the first announcement of the annulment in a
Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available at
http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and
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 committeewill renderan interpretationof any requirementof theCode.An interpretation canbe

rendered only in response to a request submitted through the online Interpretation Submittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail
confirming receipt.
(c) ASMEdoesnot act as a consultant for specific engineeringproblemsor for thegeneral applicationorunderstanding

of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the requestwill be returnedwith the recommendation that such assistancebeobtained. 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 if additional 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,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.
(e) Interpretations are published in theASME InterpretationsDatabase at http://go.asme.org/Interpretations as they

are issued.

Committee Meetings
TheASMEBPVCcommittees regularly holdmeetings that areopen to thepublic. Personswishing to attendanymeeting

should contact the secretary of the applicable committee. 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 coverminimumconstruction 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 solidor liquid fuels, and foroperationat orbelowthepressureand temperature limits set forth 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
Includedwithin the scope of the boiler are pressure-retaining covers for inspection openings, such asmanhole covers,

handhold covers, and plugs; and headers required to connect individual coils, tubes, or cast sections within a boiler.
The rules are divided into fourmajor 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, except 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.
TheParts andSubparts of this Sectionaredivided intoArticles. EachArticle is givenanumber anda 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 of paragraphs are designated by three- or four-digit numbers
followed by a decimal point and a digit or digits. Where necessary, further subdivisions are represented by letters and
then by numbers in parentheses.Minor subdivisions of 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 through HG-307.4.
This Section does not contain rules to cover all possible details of design and construction.Where complete details are

not given, it is intended that themanufacturer, subject to the acceptance of theAuthorized Inspector, shall provide details
of design and construction that will be as 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 “Correspondence
With the Committee”

xvii Personnel Updated
xxxix Correspondence With the Committee Added (replaces “Submittal of Technical Inquiries to the Boiler 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) revised
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), (o), and (p) revised

(2) Subparagraph (q) added
42 HG-515.3 Subparagraph (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 HF-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
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(2) Instructions for Reference Numbers (4), (23), (28), (29), (30), (40), (54),
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176 Form H-2 Title and line 4 revised
178 Form H-3 Title and line 4 revised
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(2) Under “Certificate of Shop Compliance,” “PRT” revised to “PRT IV”
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216 E-101 (1) Definition of feedwater revised
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ð23ÞCROSS-REFERENCING IN THE ASME BPVC

Paragraphswithin the ASMEBPVCmay 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 alphanumerically 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) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).
(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (1)(-a).
(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).
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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 containsmandatory requirements, specif-

ic prohibitions, andnonmandatory guidance formaterials,
designs, fabrication, examination, inspection, testing,
certification, and overpressure protection. When detailed
rules are not given in Section IV, theManufacturer, 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 design 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-
mentor regulatorybodyhaving jurisdiction at the location
of an installation, 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

exceeding 15 psi (100 kPa)

(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 some of the wrought materials permitted by Part
HF are 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
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.
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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
ismaintained. Conversion factors betweenU.S. Customary
and SI unitsmay 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.

Material that has been manufactured and certified to
either the U.S. Customary or SI material specification
(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 aManufacturer’s Data Report and data for

Code required nameplatemarking shall be in units consis-
tent with the fabrication drawings for the component
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.

HG-103 TOLERANCES
Except as stated elsewhere in this section, Section IV

does not fully address tolerances. When dimensions,
sizes, or other parameters are not specified with toler-
ances, the values of these parameters are considered
nominal, and allowable tolerances or local variances
may be considered acceptablewhen 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 inHF-200 for boilers of
wrought materials and HC-200 for cast iron boilers.

HG - 2 0 0 . 2 I n t e r n a l P a r t s S u b j e c t t o
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 theBoiler and PressureVessel Committee on
the basis of data submitted to the Committee in accor-
dance with Section II, Part D, Mandatory Appendix 5.

HG-200.4 Materials Use Not Limited by
Specification Title. The title or scope paragraph of a
material specification in Section II with respect to
product formorservice shall not limit theuseof amaterial,
provided thematerial is suitable for the application and its
use is permitted by the rules of this Section.

HG-200.5 Materials Use Not Limited by Method
of Production. Materials covered by specifications in
Section II are not restricted as to themethodof production

unless so stated in the Specification, and as long as the
product complies with the requirements of the
Specification.

HG-200.6 Mater ia ls Wi th Th icknesses
Exceeding Specification Limits. Materials having
thicknesses outside of the limits given in the title or
scope clause of a specification in Section II may be
used in construction, provided they comply with the
other requirements of the Specification andwith all thick-
ness requirements of 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 beoperatedat apressurehigher 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 cylindrical shells, tubes, pipe, and
headers shall be determined in accordance with the
following formulas:

=t PR
SE P0.6

=
+

P SEt
R t0.6

where

E = efficiency of longitudinal joint or of ligament
between tube holes, whichever is the lesser. For
welded joints, use the efficiency specified in
HW-702. For seamless shells, use E = 1. Welded
pipe or tubing shall be treated in the same
manner as seamless, but with allowable tensile

strength taken from the welded product values of
the stress tables in Section II, Part D.

P = 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 ð23ÞTubes.

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

external pressure shall be determined by the procedures
outlined in HG-312.3.
(c) In no 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 forming1 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
diameter of a cone head at the point under consid-
eration, measured perpendicular to the longitudi-
nal axis
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E = lowest efficiencyof any joint in thehead. Forwelded
joints, use the efficiency specified in HW-702. For
seamless heads, use E = 1, except for hemispherical
heads furnished without a skirt, in which case use
the efficiency of the head-to-shell joint.

L = inside spherical or crown radius
P = design pressure [but not less than 30 psi (200 kPa)]
S = maximumallowable 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, inwhichhalf theminor axis (insidedepthof
the head minus the skirt) equals one-fourth of the inside
diameter of the head skirt, shall be calculated by the
following formulas:

=t PD
SE P2 0.2

or

=
+

P SEt
D t

2
0.2

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):

=t PL
SE P

0.885
0.1

or

=
+

P SEt
L t0.885 0.1

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

=t PL
SE P2 0.2

or

=
+

P SEt
L t

2
0.2

HG-305.5 Formed Heads With Stays. A formed
head of a lesser thickness than that required by the
rules of this paragraph may be used provided it is
stayed as a flat surface according to the rules of
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.
(b) The head is at least 7∕8 in. (22 mm) thick.
(c) The stays are through-stays attached to the head by

outside and inside nuts or welding.

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

HG-305.6 Inside Crown Radius of Unstayed
Heads. The inside crown radius to which 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 not 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 thicknesses of 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 with HW-715.

HG-305.9 Permissible Diameter of Flat Spots on
Formed Heads. If a torispherical, ellipsoidal, or hemi-
spherical head is formed with a flattened spot or
surface, the diameter of the flat spot shall not exceed
that permitted for flat heads as given by the equation
in HG-307, using C = 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 requirementsapply tobothcircularandnoncircular
heads and covers. In addition, flat heads or coversmade 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 = a factor depending upon themethodof attachment
of the head, shell, pipe, or header dimensions, and
other items as listed in HG-307.4 below, dimen-
sionless. The factors for welded covers also
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Figure HG-307
ð23Þ Some Acceptable Types of Unstayed Flat Heads and Covers

Taper

Center of weld

Tangent
 line

Center of lap

Tangent
 line

Continuation
 of shell optional

Projection
 beyond weld
 is optional

Min. ts but need
 not be over
 1/4 in. (6 mm)

Min. ts but need
    not be over
     1/4 in. (6 mm)

Retaining ring
Threaded ring

te = 2tr but not
 less than 1.25ts

te = 2tr but
 not less
 than 1.25ts

30 deg min.
45 deg max. 0.75t min.

0.8ts min.

tsd

t

Seal weld

or
min. t1 = t or ts
 whichever
 is greater

HG

d

ts
d

tw = 2tr min. nor less than 1.25ts
 but need not be greater than t

Bevel optional
45 deg max.

Sketches (e), (f), (g) Circular Covers, C = 0.33m: C min. = 0.20
Noncircular Covers, C = 0.33

C = 0.17 or
C = 0.10

(a)

C = 0.13

(d)

C = 0.33

(h)

(e) (f) (g)

r = 3t min.

r = 0.25t min.

t

t

r = 3tf min.

0.7ts

0.7ts

r = 3t min.

tf min. = 2ts

d

d

C = 0.17

(b)

d

ts

C = 0.33m
C min. = 0.20

(i)

C = 0.30
[Use HG-307.2, eq. (2),

or HG-307.3, eq. (5)]
(j)

C = 0.30
[Use HG-307.2, eq. (2),

or HG-307.3, eq. (5)]
(k)

d
ts

ts
t1

0.7ts

t
ts

ts
d

t

tf

C = 0.20

(c)

d

ts

t

t

0.7ts
0.7ts

ts

ts

d

C = 0.30

(m)

C = 0.25

t t

(p)

C = 0.75

(q)

C = 0.33

(r)
C = 0.33

(s)

d

d

d d

d

HG

d

C = 0.30

(n)

C = 0.30

(o)

d d

t

t t t

t t
t t

t t t

t

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.

D = long spanof noncircularheadsor coversmeasured
perpendicular to short span

d = diameter, or short span, measured as indicated in
Figure HG-307

HG = 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

l = length of flange or flanged heads, measured from
the tangent line of knuckle, as indicated in
Figure HG-307, sketches (a) and (c)

m = the ratio tr/ts, dimensionless
P = design pressure
r = 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
t1 = throat dimension of the closure weld, as indicated

in Figure HG-307, sketch (r)
te = minimumdistance frombeveledendofdrum,pipe,

or header, before welding, to outer face of head, as
indicated in Figure HG-307, sketch (i)

tf = actual thickness of the flange on a forged head, at
the largeend, as indicated inFigureHG-307, sketch
(b)

th = actual thickness of flat head or cover
tr = required thickness of seamless shell, pipe, or

header, for pressure
ts = actual thickness of shell, pipe, or header
tw = thickness through the weld joining the edge of a

head to the inside of a drum, pipe, or header, as
indicated in Figure HG-307, sketch (g)

W = total bolt load as further defined in HG-307.2
Z = a factor for noncircular heads and covers that

depends on the ratio of short span to long
span, as given in HG-307.3 below, dimensionless

HG-307.2 Thickness of Circular, Flat, Unstayed
Heads, Covers, and Blind Flanges. The thickness of
flat unstayed heads, covers, and blind flanges shall
conform to one of the following requirements:2
(a) Circular blind flanges of ferrous materials

conforming 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

circularheads, covers, andblind flanges shall be calculated
by the following equation:

=t d CP S/ (1)

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

= +t d CP S WH Sd1.9 G
3 (2)

Whenusingeq. (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 operating
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 maintain tightness of the
gasket. For gasket seating, P equals zero, the value of S
at atmospheric temperature shall be used, and W shall
be the average of the required bolt load and the load avail-
able from the bolt area actually used.

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

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

=t d ZCP S (3)

where

=Z 3.4 d
D

2.4 (4)

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 d ZCP S WH SLd6 G
2 (5)

When using eq. (5), the thickness t 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), eqs. (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): C = 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 not less than three times the required
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.
C = 0.10 for circular heads, when the flange length for

heads of the above design is not less than

=
i
k
jjjjj

y
{
zzzzzl dt1.1 0.8

t

t h
s

h

2

2
(6)

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): C = 0.20 for circular

flanged plates screwed over the end of the shell, pipe,
or header, with inside corner radius not less than 3t,
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 th is not less than the shell thick-
ness ts, the inside corner radius is not less than 0.25t, and
the construction is obtained by special techniques 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 respective types of
fusion welded boiler drums. If a value of m less than 1
is used in calculating t, the shell thickness ts shall bemain-
tainedalongadistance inwardly fromthe inside faceof the
head equal to at least dt2 s . The throat thickness of the
filletwelds in sketches (e) and (f) shall be at least 0.7ts. The
size of the weld tw in sketch (g) shall be not less than two
times the required thickness of a seamless shell nor less
than 1.25 times the nominal shell thickness but need not
be greater than the head thickness; the weld shall be
deposited in a welding groove with the root of the
weld at the inner face of the head as shown in the figure.
C = 0.33 for noncircular plates, welded to the inside of a

drum, pipe, or header, and otherwisemeeting the require-
ments for the respective types of fusion welded boiler
drums. The throat thickness of the fillet welds in sketches
(e) and (f) shall be at least 0.7ts. The size of the weld tw in
sketch (g) shall be not less than two times the required
thickness of a seamless shell nor less than 1.25 times the

nominal shell thickness but need not be greater than the
head thickness; the weld shall be deposited in a welding
groove with the root of the weld at the inner face of the
head as shown in the figure.
(f) Figure HG-307, sketch (h): C = 0.33 for circular

plates welded to the end of the shell when ts is at least
1.25tr and the beveled end of the shell is located at a
distance no less than 2tr nor less than 1.25ts from the
outer face of the head. The width at the bottom of the
weldinggroove shall be at least equal to the shell thickness
but need not be over 1∕4 in. (6 mm).
(g) Figure HG-307, sketch (i): C = 0.33m but not less

than 0.20 for circular plates welded to the end of the
drum, pipe, or header, when an inside weld with
minimum throat thickness of 0.7ts is used, and when
the beveled end of the drum, pipe, or header is located
at a distance not less than 2tr nor less than 1.25ts
from the outer face of the head. The width at the
bottom of the welding groove shall be at least equal to
ts, but need not be over 1∕4 in. (6 mm).
(h) Figure HG-307, sketches (j) and (k): C = 0.3 for

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

d WH Sd1.9 G
3

for circular heads and covers, nor less than

d WH SLd6 G
2

for noncircular heads and covers.
(i) Figure HG-307, sketches (m), (n), and (o): 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, andwhenall possiblemeansof failureeither
by shear, tension, compression, or radial deformation,
including flaring, resulting from pressure and differential
thermal expansion, are resistedwith a factor of safety of at
least five. Seal welding may be used, if desired.
(j) Figure HG-307, sketch (p): C = 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): C = 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,
having an inside diameter d not exceeding 12 in. (300
mm); and when the design of the threaded joint
against failure by shear, tension, compression, or radial
deformation, including flaring, resulting from pressure
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and differential thermal expansion, is based on a factor of
at least five. If a tapered pipe thread is used, the require-
ments of TableHG-370 shall also bemet. Sealweldingmay
be used, if desired.
(l) FigureHG-307, sketch (r):C=0.33 for circularplates

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 donewhen the entire circumference
of the cylinder is uniformly heated to the proper forging
temperature for the material used. For this construction,
the ratio ts/d shall be not less than the ratio P/S nor less
than 0.05. The design pressure for this construction shall
not exceed P = S/5d.
Figure HG-307 is diagrammatic only. Other designs that

meet the requirements of HG-307 will be acceptable.

HG-307.5ð23Þ Electric Immersion Heating Element
Support Plates. Electric immersion heating element
support plates shall be supplied using one of 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 a Section IV “H” CertificateHolder 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
Holder, the U-2 Partial Data Report will be referenced
on the 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)

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

A = outside diameter of flange
B = inside diameter of flange
C = bolt circle diameter
L = inside spherical or crown radius

Mo = the total moment determined as in Section VIII,
Division 1, Mandatory Appendix 2, 2-6, except
t h a t f o r h e a d s o f t h e t y p e s h own i n
Figure HG-309, sketch (d), a moment Hrhr
(which may add or subtract) shall be included
in addition to the moment HDhD where
HD = axial component of the membrane load in

the spherical segment acting at the inside
of the flange ring

x = 0.785B2P
hD = radial distance from the bolt circle to the

inside of the flange ring
Hr = radial component of themembrane 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

x = HD cot β1
hr = lever arm of force Hr about centroid of

flange ring
NOTE: Since Hrhr 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

(a)
(1) The thicknessof thehead t shall bedeterminedby

the appropriate equation in HG-305.
(2) TheheadradiusLor theknuckle radius r shall 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 SectionVIII, Division1,MandatoryAppendix
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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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

=t PL
S

5
6

(2) Flange thickness T
(-a) For ring gasket,

= +Ä
Ç
ÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑT

M
SB

A B
A B

o

(-b) For full-face gasket,

= +
Ä

Ç
ÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑ

T
P
S

B A B C B
A B

0.6
( )( )

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

(c) Headsof theTypeShown inFigureHG-309, Sketch (c).
(No joint efficiency factor is required.)

(1) Head thickness

=t PL
S

5
6

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

(-a) For heads with round bolting holes,

= + +T Q M C B
SB C B

1.875 ( )
(7 5 )

o (1)

where

= +Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑQ PL

S
C B
C B4 7 5

(2)

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

= + +T Q M C B
SB C B

1.875 ( )
(3 5 )

o (3)

where

= +Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑQ PL

S
C B
C B4 3

(4)

Figure HG-309
Spherically Dished Steel Plate Covers With Bolting Flanges
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(3) Flange thickness for full-face gaskets shall be
calculated by the following equation:

= + +T Q Q
BQ C B

L
2 3 ( ) (5)

Thevalue ofQ in eq. (5) is calculatedby (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) above.
(d) Heads of the Type Shown in Figure HG-309, Sketch

(d). (No joint efficiency factor is required.)
(1) Head thickness

=t PL
S

5
6

(2) Flange thickness

= + +T F F J2

where

=F PB L B
S A B

4
8 ( )

2 2

and

= +i
k
jjj y

{
zzzi

k
jjj y

{
zzzJ

M
SB

A B
A B

o

HG-312 CYLINDRICAL PARTS UNDER
EXTERNAL PRESSURE

HG-312.1 Plain Type Furnaces. Plain furnaces that
are complete cylinders shall conform to the following:
(a) The thickness of the furnace wall shall be not less

than 3∕16 in. (5 mm) except alloy steel plates listed in
Section II, Part D, Table 6A shall be not less than 3∕32 in.
(2.5mm).
(b) The design temperature of the furnace shall be not

less than the mean expected wall temperature.
(c) Furnaces shall be rolled to a circle, with amaximum

deviation from the true circle of not more than
1∕4 in. (6 mm).
(d) The thickness of the furnace wall shall be deter-

mined by the use of the rules of HG-312.3. External pres-
sure charts foruse indeterminingminimumrequirements
are given inSection II, PartD, Subpart 3. Figurenumbers in
this Article are contained in that Subpart. The symbols
defined as follows are used in the formulas of this
paragraph:

A = factor determined from Section II, Part D, Subpart
3, Figure G and used to enter the applicable mate-
rial chart in Section II, Part D, Subpart 3

B = factor determined from the applicable material
chart in Section II , Part D, Subpart 3 for
maximum design, metal temperature [see (b)]

Do = outside diameter of furnace
L = design length of plain furnace taken as the distance

from center to center of weld attachment, in.;
design length of ring reinforced furnace section,
taken as the greatest center-to-center distance
between any two adjacent stiffening rings; or
the distance from the center of the first stiffening
ring to the center of the furnace weld attachment,
in. In case a flared-end assembly is used, the
distance shall bemeasured to thepoint of tangency
between the flare and the furnace and the adjacent
stiffening ring.

P = design pressure
t = minimum required wall thickness of furnaces

HG-312.3 Procedure for Determining Wall
Thickness of Plain Furnaces and Tubes. The
required wall thickness of the furnace and tubes shall
be not less than determined by the following procedure:
Step 1. Assume a value for t. Determine the ratio L/Do

and Do/t.
Step2. Enter Section II, PartD, Subpart3, FigureGat the

value of L/Do determined in Step 1. For values of
L/Do greater than 50, enter the chart at a value of L/Do
= 50. For values of L/Do less than 0.05, enter the chart at a
value of L/Do = 0.05.
Step3. Movehorizontally to the line for thevalueofDo/t

determined in Step1. Interpolationmaybemade for inter-
mediate values of Do/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

theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial 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 Pa using
the following equation:

=P B
D ta

o

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

ASME BPVC.IV-2023

11



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 5∕16 in. (8 mm) and not more than 13∕16 in.
(21mm) and in no case thicker than 11∕4 times the furnace
wall.
(c) the ratio of height of the stiffening ring to its thick-

ness (Hr/Tr) is not over eight nor less than three.
(d) the stiffening ring is attached to the furnace by a full

penetration weld as shown in Figure HG-312.4.
(e) the thickness of the furnace wall is a minimum of

1∕4 in. (6 mm).
(f) the design temperature of the furnace shall be taken

as 500°F (260°C).
(g) the boiler design permits replacement of the

furnace. A flared or welded OG-ring may be accepted
as meeting this requirement. (See Figure HG-312.4.)
(h) the thickness of the furnace wall or tube 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 inHG-312.1. The symbols defined inHG-312.1 are
used in the design formula. HG-312.3, Steps (1) through
(7) shall apply.
(i) the required moment of inertia of a circumferential

stiffening ring shall not be less than determined by the
following formula:

=
+( )

I
D L t A

14s
o

A
L

2 s

where

As = cross-sectional area of the stiffening ring,
in.2 (mm2)

Is = required moment of inertia of the stiffening ring
about its neutral axis parallel to the axis of the
furnace, in.4 (mm4)
P, Do, and t are as defined in HG-312.1.

HG-312.5 Procedure for DeterminingMoment of
Inertia of Stiffening Rings. Themoment of inertia for a
stiffening ring shall be determined by the following
procedure.
Step 1. Assuming that the furnace has been designed

and Do, L , and t are known, select a rectangular
member to be used for a stiffening ring and determine
its area As and its moment of inertia I. Then calculate
B by the following formula:

=
+

B
PD

t

o
A
L

s

where B is as defined in HG-312.1. P, Do, t, As, and L are
defined above.
Step2. Enter the right-hand sideof the applicablemate-

rial chart in Section II, Part D, Subpart 3 for the material
under considerationat the value ofBdetermined in Step1.
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 Is from the formula given above.
Step 6. If the required Is is greater than the moment of

inertia I for the section selected in Step 1, a new section
witha largermomentof inertiamustbe selectedandanew
Is determined. If the required Is is smaller than I 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

where

Figure HG-312.4
Acceptable Type of Ring-Reinforced Furnace

ASME BPVC.IV-2023

12



C = 17,300 psi (119000 kPa), a constant for Leeds
furnaces, when corrugations are not more than
8 in. (200 mm) from center to center and not
less than 21∕4 in. (57 mm) deep

x = 15,600 psi (108 000 kPa), a constant for Morison
furnaces, when corrugations are notmore than8 in.
(200 mm) from center to center and the radius of
the outer corrugation is not more than one-half of
the suspension curve

x = 14,000psi (96500kPa), a constant forFox furnaces,
when corrugations are not more than 8 in.
(200mm) from center to center and not less than
11∕2 in. (38 mm) deep

x = 14,000 psi (96 500 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 13∕8 in. (35 mm) deep

x = 14,000 psi (96 500 kPa) a constant for Brown
furnaces, when corrugations are not more than
9 in. (225 mm) from center to center and not
less than 15∕8 in. (41 mm) deep

D = mean diameter, in. (mm)
P = design pressure, psi (kPa)
t = thickness, in. (mm), not less than 5∕16 in. (8 mm) for

Leeds, Morison, Fox, and Brown, and not less than
7∕16 in. (11mm) forPurvesandother 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 measurement by the
furnace manufacturer, by gaging the thickness of the
corrugated portions. If a hole is drilled through the
sheet to determine the thickness, the hole shall be not
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 hole shall be in the center of the second
flat from the boiler front; for the Morison, Fox, and
other similar types, in the center of the top corrugation,
at least as far in as the fourth corrugation from the front
end of the furnace.

HG-312.7 Combinat ion 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
furnace at their point of connection.

(b) HG-312.1andHG-312.3 shall beused for calculating
the design pressure of the plain section; in applying the
length in the text, orL in the formulas, the lengthused shall
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 section shall

be determined from HG-312.6.
(d) the full penetration weld joining a plain self-

supporting section to a corrugated self-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 unstayedportiondoes not exceed120deg
in arc shall conform to the following.
(a) The thickness of the semicircular furnace or crown

sheet shall be not less than 5∕16 in. (8 mm).
(b) The design temperature of the semicircular furnace

or crown sheet shall be taken as 500°F (260°C).
(c) Semicircular portions of the furnace or crown sheet

shall be rolled to practically a true circle, with amaximum
deviation from the true circle of not more than 1∕4
in. (6 mm).
(d) The allowableworking pressure of the semicircular

furnace or crownsheet shall benotmore than70%ofPa 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 5∕16 in. (8mm) andnotmore than
13∕16 in. (21mm) and in no case thicker than 11∕4 times the
wall section of the semicircular portion.

Figure HG-312.7
Connection Between Plain and Corrugated Furnace
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(4) The ratio of height of the bar reinforcement to its
thickness Hr/Tr 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 wrappers or shells,

where the top portion is semicircular, the required thick-
ness shall be in accordance with HG-301. 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 in Figure HG-312.8, where p is
the maximum allowable pitch calculated in accordance
with HG-340.1(a).

HG-320 OPENINGS IN BOILERS, GENERAL
REQUIREMENTS3, 4

HG-320.1 Shape of Openings.5 Openings in cylin-
drical, spherical, or conical portions of boilersor in formed
heads shall preferably be circular, elliptical, or obround6
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
provide against excessive distortion due to twisting
moment.

HG-320.2 Size of Openings. While openings in cy-
lindrical and spherical shells are not limited as to size
provided they are adequately reinforced, the rules
given herein for reinforcement are intended to apply
to openings not exceeding the following dimensions:
(a) for boilers 60 in. (1500 mm) in diameter and less:

one-half the boiler diameter but not over 20 in. (500mm).
(b) for boilers over 60 in. (1500mm) in diameter: one-

third the boiler diameter, but not over 40 in. (1000 mm).
(c) larger openings should be given special attention

and may be provided with reinforcement in any suitable
manner that complieswith the intentof theCoderules. It is
recommended that the reinforcementprovidedbedistrib-
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.

Figure HG-312.8
Acceptable Type of Semicircular Furnace Reinforcement
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HG-320.3 Strength and Design of Finished
Openings.

(a) All references to dimensions in this and succeeding
paragraphs apply to the finishedconstructionafter 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 insidediameter
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 3∕8 in. (10 mm) thick and for all threaded,
studded, or expanded connections

(2) NPS 3 (DN 80) for welded connections in boiler
walls 3∕8 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 opening
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 Dt K2.75 (1 ) 1/3

(SI Units)

= [ ]d Dt K8.08 (1 ) 1/3

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
t = nominal thickness of the shell, in. (mm)

Three significant figures shall be employed for the vari-
ables in the equation and in the resulting value of d.
Additional significant figures are permitted but not

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

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

HG-321.1 General. The rules in this subparagraph
apply to all openings other than openings in a definite
pattern covered by HG-320.3(b), openings covered by
HG-320.3(c) and HG-320.3(d), flanged-in openings in
formed heads covered by HG-323, and openings in flat
heads covered by HG-325.
Reinforcement shall be provided in such amount and

distribution that the requirements for area of reinforce-
ment are satisfied for all planes through the center of the
opening and normal to the boiler surface. For a circular
opening in a cylindrical shell, the plane containing the axis
of the shell is the plane of greatest loading due to pressure.

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

= + ( )A dt F t t F f2 1r n r r1

where

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

F = 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.

tr = 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, tr 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, tr 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 is equal to 80% of the shell diameter, tr is
the thickness required for a sphere of radius
K1D where D is the shell diameter and K1 is
given by Table HG-321
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HG-323 FLANGED-IN OPENINGS IN FORMED
HEADS

HG-323.1 ReinforcementRequirements. Flanged-
inopenings in torispherical, ellipsoidal, andhemispherical
heads shall be providedwith reinforcement in accordance
withHG-321, except for heads thatmeet the requirements
in HG-323.2, HG-323.3, and HG-323.4.

HG-323.2 Restrictions onLocation.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 equals 80% of the
shell diameter for ellipsoidal and hemispherical heads.
The center line of the opening shall not be closer to
the above boundary circle than the diameter of the
opening.

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

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

6 in. (150mm) in any insidedimension, thehead thickness
shall be increased 15% but not less than 1∕8 in. (3 mm)
greater than that required by (a) above.

HG-323.4 Minimum Flange Depth. The minimum
depthof flangeof a flanged-in opening,whennot stayedby
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 MinimumGasket Bearing Surface. The
minimum width of bearing surface for a gasket on a
flanged-in manhole opening shall be 11∕16 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
one-half of the head diameter or shortest span, as
defined in HG-307, shall have a total cross-sectional

Figure HG-321
Chart for Determining Values of F

Table HG-321
Values of Spherical Radius Factor K1

D/2d K 1

3.0 1.36
2.8 1.27
2.6 1.18
2.4 1.08
2.2 0.99
2.0 0.90

D/2d K 1

1.8 0.81
1.6 0.73
1.4 0.65
1.2 0.57
1.0 0.50
… …

GENERAL NOTES:
(a) Equivalent Spherical Radius = K1D; D/2d = axis ratio.

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

=A dt0.5

where

d = diameter of the finished opening
t = minimum required thickness of plate

As an alternative, the thickness of flat heads may be
increased toprovide thenecessaryopening 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 - 3 26 . 1 D e s i g n a t i o n o f L im i t s o f
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 re-
inforcement for that plane.

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

of the boiler shell, plus the thickness of the nozzle wall

HG-326.3 Limits of Reinforcement Normal to
Boiler Shell. The limits of reinforcement, measured
normal to the boiler shell, shall conform to the contour
of the surface at a distance from each surface equal to
the smaller of the following:
(a) 21∕2 times the nominal shell thickness
(b) 21∕2 times the nozzle wall thickness, plus the thick-

ness of any added reinforcement, exclusive of weld metal
on the side of the shell under consideration

HG-326.4 Use of Excess Boiler Shell and Other
Thicknesses.Metal thatmay 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
and HG-326.3 and shall be limited as set forth in (b), (c),
(d), and (e) below (see Figure HG-326.2).

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

A1 = area in excess thickness in theboiler shell available
for reinforcement

A2 = area in excess thickness in thenozzlewall available
for reinforcement

Dp = outside diameter of reinforcing element (actual
size of reinforcing element may exceed the
limits of available reinforcement established by
HG-326; however, credit cannot be taken for
any material outside these limits)

d = diameter in the plane under consideration of the
finished opening (see HG-321.2 and Figure
HG-326.1)

E1 = 1when an opening is in the solid plate orwhen the
opening passes through a circumferential joint in a
shell or cone (exclusive of head-to-shell joints)

x = the joint efficiency obtained when any part of the
opening passes through any other welded joint

F = factor F from HG-321.2 and Figure HG-321
fr = strength reduction factor, not greater than 1.0 (see

HG-327.1)
fr1 = Sn/Sv for nozzle inserted through the vessel wall
x = 1.0 for nozzle wall abutting the vessel wall [see

Figure HG-326.1 sketches (a-1), (a-2), and (a-3)]
fr2 = Sn/Sv
fr3 = (lesser of Sn or Sp)/Sv
fr4 = Sp/Sv
h = 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 2.5tn without a reinforcing element and the
smaller of 2.5t or 2.5tn + te with a reinforcing
element or integral compensation)

Rn = inside radius of the nozzle under consideration
S = maximum allowable stress value taken from

Section II, Part D, Table 6A or Table 6B
Sn = allowable stress in nozzle (see S above)
Sp = allowable stress in reinforcingelement (plate) (see

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

tn = nominal thickness of nozzle wall
tr = required thickness of a seamless shell or head as

defined in HG-321
trn = required thickness of a seamless nozzle wall
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Figure HG-326.1
Some Representative Configurations Describing the Reinforcement Dimension, te, and the Finished

Opening Dimension, d
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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
used is the larger of the values ofA1 given by the equations
in Figure HG-326.2.
(c) Metal in the nozzle wall over and above the thick-

ness required to resistpressure in thatpartof anozzlewall
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 A2 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 A5 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 shallpreferablybe thesameas that
of the boiler shell, but if material with a lower allowable
stress value is used, the area provided by such material
shall be increased in proportion to the inverse ratio of the
allowable stressvaluesof the reinforcementand theboiler
shellmaterial. Noadvantagemaybe takenof the increased
strength of reinforcement material having a higher allow-
able stress value than the material of the boiler shell.
Deposited weld metal outside of either the boiler shell
or any reinforcing pad used as reinforcement shall be
credited with an allowable stress value equivalent to
the weaker of the materials connected by the weld.
Boiler-to-nozzle or pad-to-nozzle attachment weld
metal within the pad may be credited with a stress
value equal to that of the boiler shell or pad, respectively.

HG-327.2 Strength of Attachment Material. On
each side of the plane defined in HG-326.1, the strength
of the attachment joining the boiler shell and reinforce-
ment or any two parts of the attached reinforcement shall
be at least equal to the smaller of
(a) the strength in tension of the cross section of the

element of reinforcement being considered.
(b) the strength in tension of the area defined in

HG-321 less the strength in tension of the reinforcement
area that is integral in the boiler shell as permitted by
HG-326.4.
(c) the strength of the attachment joint shall be consid-

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

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

HG-328 REINFORCEMENT FOR MULTIPLE
OPENINGS

HG-328.1 When Limits of Reinforcement
Overlap. When any two adjacent openings are spaced
at less than two times their average diameter so that
their limits of reinforcement 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 strength of the reinforce-
ment thatwouldbe required for the separate openings.No
portionof thecross sectionshall be consideredasapplying
tomore than one opening or be evaluatedmore than once
in a combined area.

HG-328.2 Combined Reinforcement forMultiple
Openings.Whenmore than two adjacent openings are to
be provided with a combined reinforcement, the
minimum distance between centers of any two of
these openings shall preferably be at least 11∕2 times
their average diameter, and the area of reinforcement
between them shall be at least equal to 50% of the
total required for these two openings.
(a) Two adjacent openings as considered under

HG-328.2 shall have a distance between centers not
less than 11∕3 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.

(a) All boilers shall be provided with suitable manhole
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

Dp
Rn

2.5t or 2.5tn + te
Use smaller value

2.5t or 2.5tn
Use smaller value

d or Rn + tn + t

Use larger value

tn

tr

te

t

h
d

Includes consideration of
  these areas if Sn /Sv < 1.0
  (both sides of C ) trn

d or Rn + tn + t

Use larger value

See HG-326
for limits of
reinforcement

For nozzle wall abutting the vessel wallFor nozzle wall inserted through the vessel wall

dtr F + 2tntr F(1 – fr1)A=
d(E1t – Ftr) – 2tn (E1t – Ftr) (1 – fr1)

2(t + tn) (E1t – Ftr) – 2tn (E1t – Ftr) (1 – fr1)
A1=

=

2tn fr2hA3= =

outward nozzle weld  =  (leg)2fr2A41= =

inward nozzle weld  =  (leg)2fr2

If A1 + A2 + A3 + A41 + A43 > A

If A1 + A2 + A3 + A41 + A43 < A

A43= =

=

5(tn – trn) fr2t

5(tn – trn) fr2tn

Area required

Without Reinforcing Element

Area available in shell; use larger value

Area available in inward nozzle

Area available in outward weld

Area available in inward weld

Opening is adequately reinforced 

Opening is not adequately reinforced so
  reinforcing elements must be added
  and/or thickness must be increased

Area available in nozzle projecting 
  outward; use smaller valueA2= =

same as A aboveA

same as A1 aboveA1

=

same as A3 aboveA3 =

outward nozzle weld  =  (leg)2fr3A41= =

outer element weld  =  (leg)2fr4

If A1 + A2 + A3 + A41 + A42 + A43 + A5 > A

A42= =

inward nozzle weld  =  (leg)2fr2A43= =

(Dp – d – 2tn) te fr4 [Note (1)]

Opening is adequately reinforced

Area available in inward weld

Area available in elementA5= =

=

5(tn – trn) fr2t

2(tn – trn) (2.5tn + te) fr2

Area required

With Reinforcing Element Added

Area available

Area available in inward nozzle

Area available in outward weld

Area available in outer weld

Area available in nozzle projecting 
  outward; use smaller area

A2 =

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

NOTE: (1) This formula is applicable for a rectangular cross-sectional element that falls within the limits of reinforcement.
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(b) Electric boilers of a design employing a removable
cover that will permit access for inspection and cleaning
and having an internal gross volume (exclusive of casing
and insulation)ofnotmore than5 ft3 (0.14m3)neednotbe
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.
(1500mm) indiameter, except inavertical firetubeboiler.

HG-330.3 SizeofManholesandGasketSurfaces.

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

15 in. (380 mm) in diameter.
(c) The minimumwidth of bearing surface for a gasket

on a manhole opening shall be 11∕16 in. (17 mm).
(d) No gasket for use on a manhole or handhole of any

boiler shall have a thickness greater than 1∕8 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 orwashout plug near each corner in the lower part of
the waterleg and at least one opening near the line of the
crown sheet. In addition, boilers designed for steam
service shall have at least one inspection opening
above the top row of tubes. This inspection opening
shall be a minimum of NPS 3 (DN 80) or a handhole
as specified in (f) below and used solely for inspection
purposes.
(b) A boiler of the scotch type shall have a handhole or

washout plug in the front headbeloworoneach sideof 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
opening shall be a minimum of NPS 3 (DN 80) or a hand-
hole as specified in (f) belowandused solely for inspection
purposes. Scotchmarine boilers (wet-back type) shall also

have an opening for inspection of the water space at the
rear of the combustion chamber.
(c) Vertical firetubeor similar typeboilershavinggross

internal volume (exclusive of casing and insulation) more
than 5 ft3 (0.14 m3) shall have at least three handholes or
washoutplugs in the lowerpart of thewaterlegandat least
two handholes orwashout plugs near the line of the lower
tubesheet. Such boilers having gross internal volume not
over 5 ft3 (0.14 m3) 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 lower 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 aminimumof NPS 3 (DN 80) or a handhole as specified
in (f) below and used solely for inspection purposes.
(d) Washout plugs shall be not smaller than NPS 11∕2

(DN 40) for boilers having gross internal volume more
than 5 ft3 (0.14 m3). Washout plugs shall be not
smaller than NPS 1 (DN 25) for boilers having gross
internal volume not more than 5 ft3 (0.14 m3).
(e) Washout openings may be used for return pipe

connections and the washout plug placed in a tee so
that the plug is directly opposite and as close as possible
to the opening in the boiler.
(f) A handhole opening shall not be less than 23∕4 in. ×

31∕2 in. (70 mm × 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. ×
15 in. (280 mm × 380 mm) or 10 in. × 16 in. (250 mm
× 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. × 16 in. (300 mm × 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
uniform cross section that are symmetrically spaced,
shall be calculated by the following equations:
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=t p P SC (1)

=P t SC p2 2 (2)

where

C = 2.7 for stays welded to plates or for stays screwed
throughplates not over 7∕16 in. (11mm) in thickness,
with ends riveted over

x = 2.8 for stays welded to plates or for stays screwed
through plates over 7∕16 in. (11 mm) in thickness,
with ends riveted over

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

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

x = 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
t = required thickness of plate

(b) When two flat stayed surfaces intersect at an angle
as shown in Figure HG-340.1, the pitch from the staybolt
nearest to the intersection to the point of tangency of the
corner curve with the plate shall be

=p t CS
P

90

where β is the angle shown in Figure HG-340.1. In the
application of this rule, β 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-s tays wi th washers are ind ica ted in
Figure HG-340.2.

HG-340.3 MaximumPitchof Stays. Themaximum
pitch shall be 81∕2 in. (216 mm) except that for welded-in
stays the pitchmay 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
construction, it is permissible to consider the load
carried by each stay as that on the area calculated by
taking the distance from the center of the spacing on
one side of the stay to the center of the spacing on the
other side.

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

Fireboxes

NOTE: (1)Maximum r = p as calculated byHG-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.

Figure HG-340.2
Acceptable Proportions for Ends of Through-Stays
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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) In the constructionof heatingboilers to bedesigned

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. Theallowable
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 steel is 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 not less than two threadswhen 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∕16 in.
(5 mm) in diameter to a depth extending at least 1∕2 in.
(13 mm) beyond the inside of the plate. If such staybolts
are reduced in section below their diameter at the root of
the thread, the telltale holes shall extend at least 1∕2 in.

(13 mm) beyond the point where the reduction in
section commences. Hollow staybolts may be used in
place of solid staybolts with drilled ends. Solid staybolts
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 at least one shall be a full thread; but if the thickness
of thematerial in the boiler is not sufficient to give one full
engaging thread, the plates shall be sufficiently reinforced
on the inside by a steel platewelded thereto. Telltale holes
are not required in staybolts attached by welding.

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

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

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

HG-342 DIMENSIONS OF STAYS

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

Figure HG-340.3
ExamplesofAcceptableCornerWelds forPressures

Not Over 30 psi
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Table HG-340
Allowable Pitch [Note (1)] of Stays, in. (mm) (Limited by HG-340.3)

Design
Pressure,
psi (kPa)

Plate Thickness, in. (mm)

1⁄4 (6.4) 9⁄32 (7.1) 5⁄16 (7.9) 11⁄32 (8.7) 3⁄8 (9.5) 13⁄32 (10.3) 7⁄16 (11.1) 15⁄32 (11.9)
30 (207) 77∕8 (200) 813∕16 (224) 913∕16 (249) 1013∕16 (275) 1113∕16 (300) 123∕4 (324) 133∕4 (349) 15 (381)
40 (276) 613∕16 (173) 75∕8 (194) 81∕2 (216) 93∕8 (238) 103∕16 (259) 111∕16 (281) 1115∕16 (303) 13 (330)
50 (345) 61∕16 (154) 67∕8 (175) 75∕8 (194) 83∕8 (213) 91∕8 (232) 97∕8 (251) 105∕8 (270) 115∕8 (295)
60 (414) 59∕16 (141) 61∕4 (159) 615∕16 (176) 75∕8 (194) 85∕16 (211) 9 (229) 93∕4 (248) 105∕8 (270)

70 (483) 51∕8 (130) 513∕16 (148) 67∕16 (164) 71∕16 (179) 711∕16 (195) 83∕8 (213) 9 (229) 913∕16 (249)
75 (517) 415∕16 (125) 59∕16 (141) 61∕4 (159) 613∕16 (173) 77∕16 (189) 81∕16 (205) 811∕16 (221) 91∕2 (241)
80 (552) 413∕16 (122) 53∕8 (137) 6 (152) 65∕8 (168) 73∕16 (183) 713∕16 (198) 87∕16 (214) 93∕16 (233)
90 (621) 49∕16 (116) 51∕8 (130) 511∕16 (144) 61∕4 (159) 613∕16 (173) 73∕8 (187) 715∕16 (202) 811∕16 (221)

100 (690) 45∕16 (110) 413∕16 (122) 53∕8 (137) 515∕16 (151) 67∕16 (164) 7 (178) 71∕2 (191) 83∕16 (208)
110 (758) … 45∕8 (117) 51∕8 (130) 55∕8 (143) 61∕8 (156) 611∕16 (170) 73∕16 (183) 713∕16 (198)
120 (827) … 47∕16 (113) 47∕8 (124) 53∕8 (137) 57∕8 (149) 63∕8 (162) 67∕8 (175) 71∕2 (191)
125 (862) … 45∕16 (110) 413∕16 (122) 55∕16 (135) 53∕4 (146) 61∕4 (159) 63∕4 (171) 73∕8 (187)

130 (896) … … … 53∕16 (132) 55∕8 (143) 61∕8 (156) 65∕8 (168) 73∕16 (183)
140 (965) … … … 5 (127) 57∕16 (138) 57∕8 (149) 63∕8 (162) 615∕16 (176)
150 (1034) … … … 413∕16 (122) 51∕4 (133) 511∕16 (144) 61∕8 (156) 611∕16 (170)
160 (1103) 411∕16 (119) 51∕8 (130) 51∕2 (140) 515∕16 (151) 61∕2 (165)
Design

Pressure,
psi (kPa)

Plate Thickness, in. (mm)

1⁄2 (12.7) 17⁄32 (13.5) 9⁄16 (14.3) 19⁄32 (15.1) 5⁄8 (15.9) 21⁄32 (16.7) 11⁄16 (17.5) 3⁄4 (19.1)
30 (207) 16 (406) 17 (432) 18 (457) 19 (483) 20 (508) 21 (533) 22 (559) 24 (610)
40 (276) 137∕8 (352) 143∕4 (375) 1511∕16 (398) 167∕16 (418) 177∕16 (440) 183∕16 (462) 191∕16 (484) 2013∕16 (529)
50 (345) 123∕8 (314) 133∕16 (335) 1315∕16 (354) 143∕4 (375) 151∕2 (394) 161∕4 (413) 171∕16 (433) 185∕8 (473)
60 (414) 115∕16 (287) 1115∕16 (303) 123∕4 (324) 137∕16 (341) 141∕8 (359) 147∕8 (378) 159∕16 (395) 17 (432)

70 (483) 101∕2 (267) 111∕8 (283) 1113∕16 (300) 127∕16 (316) 131∕8 (333) 133∕4 (349) 143∕8 (365) 1511∕16 (398)
75 (517) 101∕8 (257) 103∕4 (273) 113∕8 (289) 12 (305) 125∕8 (321) 135∕16 (338) 1315∕16 (354) 153∕16 (386)
80 (552) 913∕16 (249) 107∕16 (265) 11 (279) 115∕8 (295) 121∕4 (311) 127∕8 (327) 131∕2 (343) 1411∕16 (373)
90 (621) 91∕4 (235) 913∕16 (249) 103∕8 (264) 11 (279) 119∕16 (294) 121∕8 (308) 1211∕16 (322) 137∕8 (352)

100 (690) 83∕4 (222) 95∕16 (237) 97∕8 (251) 103∕8 (264) 1015∕16 (278) 111∕2 (292) 121∕16 (306) 131∕8 (333)
110 (758) 83∕8 (213) 87∕8 (225) 93∕8 (238) 915∕16 (252) 107∕16 (265) 11 (279) 111∕2 (292) 129∕16 (319)
120 (827) 8 (203) 81∕2 (216) 9 (229) 91∕2 (241) 10 (254) 101∕2 (267) 11 (279) 12 (305)
125 (862) 713∕16 (198) 85∕16 (211) 87∕8 (225) 95∕16 (237) 913∕16 (249) 105∕16 (262) 103∕4 (273) 113∕4 (198)

130 (896) 711∕16 (195) 83∕16 (208) 85∕8 (219) 91∕8 (232) 95∕8 (244) 101∕8 (257) 109∕16 (268) 111∕2 (292)
140 (965) 73∕8 (187) 77∕8 (200) 85∕16 (211) 813∕16 (224) 91∕4 (235) 93∕4 (248) 103∕16 (259) 111∕8 (283)
150 (1034) 71∕8 (181) 75∕8 (194) 81∕16 (205) 81∕2 (216) 815∕16 (227) 93∕8 (238) 913∕16 (249) 103∕4 (273)
160 (1103) 615∕16 (176) 73∕8 (187) 713∕16 (198) 81∕4 (210) 811∕16 (221) 91∕16 (230) 91∕2 (241) 107∕16 (265)

NOTE: (1) The pitches in Table HG-340 are calculated from the equation = ×p t SC P2 . In calculating these pitches, C = 2.7 for plate
thicknesses not over 7∕16 in. and C = 2.8 for plate thicknesses exceeding 7∕16 in.; S = 11,000 psi.

ASME BPVC.IV-2023

24



HG-342.5 Minimum Cross-Sectional Area. No
ferrous screwed stay, or ferrous stay welded in by the
fusion process of welding shall have a cross-sectional
area less than 0.44 in.2 (284 mm2).

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:

Copper Plate Thickness, in. (mm)
Min. Staybolt

Diameter, in. (mm)
Not exceeding 1∕8 (3) 1∕2 (13)
Over 1∕8 (3), but not over 3∕16 (5) 5∕8 (16)
Over 3∕16 (5) 3∕4 (19)

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

Copper–Nickel Plate Thickness,
in. (mm)

Min. Staybolt
Diameter, in. (mm)

Not exceeding 1∕8 (3) 3∕8 (10)
Over 1∕8 (3), but not over 3∕16 (5) 7∕16 (11)
Over 3∕16 (5) 1∕2 (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 the stay; 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:

=A aL
l

where

A = sectional area of diagonal stay, in.2 (mm2)
a = sectional area of direct stay, in.2 (mm2)
L = length of diagonal stay as indicated in Figure

HG-343, in. (mm)
l = lengthof line, drawnperpendicular toboilerheador

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.2,

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

= × =A 0.7854 60
48

0.98 sectional area, in.2

Diameter = 1.11 in. (use 11∕8 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 l for any stay, the stays may be calculated
as direct stays using 90% of the allowable stress values
calculated in HG-342.1.

HG-345 STAYING OF HEADS

HG-345.1 General.

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

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

fully 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 staysshall notbemore than theallowablepitchasdeter-
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
type of stay used.
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(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.2 (645 cm2) provided both the following require-
ments are met [see F igures HG-345 .1(a) and
HG-345.1(b)]:

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

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

HG-346 TUBESHEETS WITH FIRETUBES USED
AS STAYS

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

C = 2.7 for tubesheets not over 7∕16 in. (11 mm) thick
x = 2.8 for tubesheets over 7∕16 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 = maximumallowable 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.Thepitchof firetubesusedas stays shall not exceed
15 times the diameter of the tube.

HG-346.3 Calculating Firetubes Used as Stays.
No calculation need bemade 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.

Figure HG-343
Details of Installation of Diagonal Stays

Area

(a)

p

t t

r

L L

l

(b) (c)

p

r

l
l

L

Area p
Area

GENERAL NOTES:
(a) Determine area of diagonal stays per HG-343.1.
(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 = 3t; t = nominal thickness of tubesheet.
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Figure HG-345.1(a)
Sketch Showing Application of HG-345.1 to the Staying of Boilers

HG-345.1(e)

HG-345.1(a)

HG-345.1
(g)(1)

HG-345.1(c)

HG-345.1(c) HG-345.1(f)

HG-345.1(a)

HG-345.1(e)

Maximum pitch, p, may be measured
horizontally and vertically only

Maximum pitch, p, may be measured
circumferentially and radially only

p/2

p/2
p/2

p/2 max.

11/16 in. (17 mm)
min.
bearing
surface
HG-330.3(c)

p/2

p max.
p

p
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p

p

p

p

p

p

p

GENERAL NOTES:
(a) Required cross-sectional area to carry total load on segment based upon allowable stresses from Section II, Part D, Table 6A or Table 6B and computed by HG-342.1.
(b) Provide the number of stays required to not exceed the maximum calculated pitch.
(c) Diagonal stay stresses must not exceed limits computed from HG-343.1.
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Figure HG-345.1(b)
Sketch Showing Application of HG-345.1 to the Staying of Boilers

HG-345.1(e)

HG-345.1(e)

HG-345.1
(g)(1)

HG-345.1(d)

HG-345.1(d)

HG-345.1 (f)(1)
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HG-345.1(a)

HG-345.1(e)

Maximum pitch, p, may be measured
horizontally and vertically only

Maximum pitch, p, may be measured
circumferentially and radially only
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(17 mm)
min. bearing
surface
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GENERAL NOTE:
(a) Required cross-sectional area to carry total load on segment based upon allowable stresses from Section II, Part D, Table 6A or Table 6B and computed by HG-342.1.
(b) Provide the number of stays required to not exceed the maximum calculated pitch.
(c) Diagonal stay stresses must not exceed limits computed from HG-343.1.
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HG-346.4 Dimensions and Welding of Firetubes
Used as Stays.

(a) Thedimensionsof firetubesusedasstays shallmeet
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) Firetubeswelded 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:

d = diameter of openings
E = efficiency of ligament
n = number of openings in length p1
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
p″ = transverse pitch of adjacent openings

(b) The efficiency of ligaments between openings is
defined as the ratio of the average strength of thematerial
between adjacent openings to the average strength of the
plate away from the openings. Where a series of openings
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 Parallel to Shell Axis. The
ligament efficiency shall be determined as follows.
(a) For equal pitch of openings in every row (see

Figure HG-350.1), the efficiency is given by the formula:

=E
p d

p
(1)

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

=E
p nd

P
1

1
(2)

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

(1) the efficiency given by (b), eq. (2) above using p1
less than or equal to the inside diameter of the shell or 60
in. (1500 mm), whichever is less

(2) 1.25 times the efficiency given by (b), eq. (2)
above using p1 less than or equal to the inside radius
of the shell or 30 in. (750 mm), whichever is less

HG-350.3 Openings Transverse to Shell Axis.
The ligament efficiency of openings spaced at right
angles to the axis of the shell is equal to two times the
efficiency of similarly spaced holes parallel to the shell
axis as calculated in accordance with the rules 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:

=E
p d

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

HG-360 REQUIREMENTS FOR TUBE HOLES
AND TUBE ATTACHMENTS

HG-360.1 ð23ÞTubeHoles andEnds.Tubeholes 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 SpacingWith Pitch of Holes Equal

in Every Row

5
1 / 4

 in
. (

13
3 

m
m

) 
5

1 / 4
 in

. (
13

3 
m

m
) 

5
1 / 4

 in
. (

13
3 

m
m

) 
5

1 / 4
 in

. (
13

3 
m

m
) 

5
1 / 4

 in
. (

13
3 

m
m

) 
5

1 / 4
 in

. (
13

3 
m

m
) 

5
1 / 4

 in
. (

13
3 

m
m

) 

Longitudinal Line

ASME BPVC.IV-2023

29



(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 solidplate or cut smaller indiameter 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 1∕2 in. (13 mm) smaller

indiameter than full sizewhen theplate thickness exceeds
3∕8 in. (10mm) and 1∕8 in. (3 mm) smaller in diameter than
full size when the plate thickness is 3∕8 in. (10mm) or less.
Tube holes shall then be drilled, shaved, reamed, or
finished full size with rotating cutters.

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

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

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

guidelines shall be met:
(1) When the plate thickness exceeds 3∕8 in. (10mm),

the incremental material removal shall not exceed a
maximum of 0.120 in. (3 mm). The final finishing step
shall not removemore than0.020 in. (0.5mm)at one time.

(2) When theplate thickness is 3∕8 in. (10mm)or less,
the incremental material removal shall not exceed 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) Thebasemetal preparation shall leave the tubehole

with a smooth surface free from deep notches, striations,
or irregularities.
(f) Tube holesmay be counterboredwhere themetal is

thicker than that required to get a proper bearing by
expanding, so as to form narrow seats into which the
tube ends can properly expand, provided there is
space available to permit a proper amount of flare of
the tube end.
(g) The surface 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
1∕8 in. (3 mm), whichever is greater, but not more than
1∕4 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 1∕8 in. (3 mm), whichever is greater, but not more than
3∕8 in. (10mm) or the tube thickness, whichever is greater.
(d) Where firetubes are attached by welding, the tube

holesmaybe drilled, flame cut, or punched. The tube holes
may be punched full size provided the thickness of the
tubesheet does not exceed 5∕16 in. (8 mm). The diameter
of the tube hole in any case shall not be more than 1∕32 in.
(0.8 mm) greater than the outside diameter of the tube.

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

Unequal in Every Second Row
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HG-360.3 Attachment of Watertubes.

(a) Watertubes may be attached by expanding,
expanding and flaring, expanding and beading, expanding
and welding, welding, or brazing. Watertubes attached by
expanding and welding or welding shall comply with
HW-713. Watertubes attached by brazing shall comply
with Subpart HB.
(b) The ends of all tubes that are flared shall extend

beyond the tubesheet a distance not less than
1∕4 in. (6 mm) nor more than 1∕2 in. (13 mm).
(c) Watertubesnot exceeding2 in. (50mm)O.D.maybe

attached mechanically with welded tapered ferrules.
When such method of attachment is used, the tapered
ferrule shall completely penetrate the head or drum
and be mechanically clamped to the header or drum
with bolting of no less than 3∕8 in. (10 mm) diameter,

and the tubing shall not be used to support the pressure
vessel.
(d) Where watertubes are attached by welding, the

tube holes may be drilled, flame cut, or punched. The
tubeholesmaybepunched full sizeprovided the thickness
of the tubesheet does not exceed 5∕16 in. (8 mm). The
diameter of the tube hole in any case shall not be
more than 1∕32 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
1∕32 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.

Figure HG-350.3
Example of Tube Spacing With Pitch of Holes Varying in Every Second and Third Row
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Longitudinal Line

291/4 in.
(743 mm)

Figure HG-350.4
Example of Tube Spacing With Tube Holes on

Diagonal Lines

53/4 in.
(146 mm)

6.42 in.
(163 mm)

Longitudinal Line

Table HG-360
Permitted O-Ring Materials

Material
Temperature Limit,

°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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(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 tubemove-
ment without loosening the stays.

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

HG-370 EXTERNAL PIPING CONNECTIONS

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

HG-370.2 Flanged Connections.

(a) It is recommended that dimensional requirements
of bolted flange connections to external piping conform to
ASMEB16.5, Steel Pipe Flanges and Flanged Fittings. Such
flanges may be used for pressure–temperature ratings in
accordance with the Standard.
(b) Steel flanges that do not conform to ASME B16.5

shall be designed in accordance with the rules in
Appendix II of Section VIII, Division 1, for the design pres-
sure and temperature conditions. The outside diameter
andbolting shall conform to a standard approved byANSI.

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

Table HG-370
Minimum Thickness of Material for Threaded

Connections to Boilers

Size of Pipe Connection,
DN in. (mm)

Minimum Thickness of
Material Required,

in. (mm)
Under 3∕4 (20) 1∕4 (6)
3∕4 to 1 (20 to 25), incl. 5∕16 (8)
11∕4 to 21∕2 (32 to 65), incl. 7∕16 (11)
3 to 31∕2 (80 to under 100), incl. 5∕8 (16)
4 to 5 (100 to 125), incl. 7∕8 (22)
6 to 8 (150 to 200), incl. 1 (25)
9 to 12 (Over 200 to 300), incl. 11∕4 (32)
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ARTICLE 4
PRESSURE-RELIEVING DEVICES ð23Þð23Þ

DELETED
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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, andmarkedwith the CertificationMark 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-401Að23Þ RESPONSIBILITY

(a) It is the Manufacturer’s responsibility to determine
theminimumrequired relief rate andmaximumallowable
working pressure (MAWP) that meet the requirements 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) Pressure relief valves 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
relief valvesmarkedeitherwith theCertificationMarkand
HV Designator in accordance with Section XIII or with the
Certification Mark and V Designator in accordance with
Section I.

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

boiler shall be such that with the fuel-burning equipment
installed and operated atmaximum 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 thanNPS1∕2 (DN15)or larger thanNPS4(DN100).
The inlet opening shall have an inside diameter equal to or
greater than the seat diameter.
(f) Pressure relief valves shall be arranged so that they

cannot be reset to relieve at a higher pressure than the
MAWP of the boiler.
(g) Body drain connections shall not be plugged during

or after field installation.
(h) The minimum relieving capacity of the pressure

relief valve or valves shall be governed by the capacity
marking on the boiler required by HG-530.
(i) The minimum valve capacity in pounds per hour

shall be determined by dividing the maximum Btu/hr
(kW) output at the boiler nozzle, obtained by the firing
of any fuel for which the unit is installed, by 1,000
(0.646). In every case, the requirement of (e) shall bemet.
(j) When operating conditions are changed, or addi-

tional boiler heating surface is installed, the valve capacity
shall be increased, if necessary, tomeet thenewconditions
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 ð23ÞPressure Relief Valve Requirements
for Hot Water Heating and Supply Boilers.

(a) Eachhotwaterheatingor supplyboiler shall haveat
least one pressure relief valve. Each pressure relief valve
shall bemarked either with the CertificationMark and HV
Designator in accordance with Section XIII or with the
Certification Mark and V Designator in accordance
with Section I.
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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 MAWP of the boiler.
(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 relief valve shall be smaller thanNPS 3∕4

(DN20)nor larger thanNPS4 (DN100) 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 1∕2 (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, tomeet thenewconditions
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°C) may
have, in lieu of the valve(s) specified in (a), one or
more temperature and pressure relief valves of the
spring-loaded type marked with the Certification Mark
and HV Designator in accordance with Section XIII. The
temperature and pressure relief valve shall be set to
relieve at or below the MAWP of the boiler.

HG-402A.3 PressureReliefValves forTanksand
Heat Exchangers.

(a) Steam to Hot Water Supply.
(1) When a hot water supply is heated indirectly by

steam in a coil or pipe within the service limitations set
forth inHG-101, the pressure of the steamshall not exceed
the safeworking pressure of the hotwater tank. Each tank
shall have a pressure relief valve marked either with the
Certification Mark and HV Designator in accordance with
Section XIII or with the Certification Mark and V
Designator in accordance with Section I.

(2) The pressure relief valve shall be of the spring-
loadedsafety relief valve typeandset to relieveatorbelow
the MAWP of the tank. The set pressure tolerances shall
not exceed3psi (20 kPa) for pressures up to and including
60psig (400kPa) and ±5% for set pressures above 60psig
(400 kPa).

(3) The pressure relief valves shall be of sufficient
rated capacity to prevent the heat exchanger pressure
fromrisingmore than10%above themaximumallowable
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. 7
(1) When high-temperature water is circulated

through the coils or tubes of a heat exchanger to warm
water for space heating or hot water supply, within
the service limitations set forth in HG-101, the heat
exchanger shall be equipped with one or more pressure
relief valvesmarkedeitherwith theCertificationMarkand
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-
loadedsafety relief valve typeandset to relieveatorbelow
the MAWP of the heat exchanger. The set pressure toler-
ances shall not exceed 3 psi (20 kPa) for pressures up to
and including 60psig (400kPa) and±5% for set pressures
above 60 psig (400 kPa).

(3) The pressure relief valves shall be of sufficient
rated capacity to prevent the heat exchanger pressure
fromrisingmore than10%above themaximumallowable
working pressure of the vessel.

(4) Nopressure relief valve shall be smaller thanNPS
3∕4 (DN 20) nor larger than NPS 4 (DN 100).
(c) High-Temperature Water to Steam Heat

Exchanger. 7
(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 typeand set to relieve at apressurenot
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) Nopressure relief valve fora steamboiler shall be
smaller than NPS 1∕2 (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.
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HG-402A.4 Pressure Relief Valves for Potable
Water Heaters. See HLW-800.

HG-403A HEATING SURFACE
The heating surface, as part of a circulating system in

contact on one side with water or wet steam being heated
and on the other side with gas or refractory being cooled,
shall be measured on the side receiving heat.
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.

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

waterwall heating surfaces.
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ARTICLE 5
TESTS, INSPECTION, AND MARKING

HG-500 PROOF TESTS TO ESTABLISH DESIGN
PRESSURE

HG-501 General

(a) Thedesignpressure forpressureparts of boilers for
which the strength cannotbe computedwitha 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 of loading and to the
material used in its construction.
(b) The tests in these paragraphs may be used only for

the purpose of establishing the design pressure of those
elements or component parts for which the thickness
cannot be determined by means of the design rules
given in the Code. The design pressure of all other
elements or component parts shall not be greater than
that determined by means of the applicable design rules.

HG-501.1 Types of Tests. Provision is made for two
types of tests for determining the internal design
pressure:
(a) tests basedonyieldingof thepart tobe 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 part shows no evidence
of permanent yielding per HG-502.1 and HG-502.2, it may
be marked with the Certification Mark.
(b) tests basedonbursting of thepart. TheCertification

Mark shall not be applied on the part proof tested under
the burst-test provisions.

HG-501.2 Retests. A retest shall be allowed on a
duplicate pressure part if errors or irregularities are
obvious in the 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 pressureparts forwhich the
design pressure is to be established shall not previously
have been subjected to a pressure greater than 11∕2 times
the desired or anticipated design pressure.

(b) Application. In theprocedures 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
is reached. Thereafter, the test pressure shall be increased
in steps of approximately one-tenth or less of the antici-
pated design pressure until the 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 yieldpoint for thosemate-
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 themethod 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
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 completed. The specimens shall be
cut froma locationwhere 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
flamecuttingoranyothermethod involvingsufficientheat
to affect the properties of the specimen.
(c) For castpressureparts, cast test barsmaybeused 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 internal pres-
sure, constructed of any material permitted to be 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 strains to 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 recorded. The pressure shall be
released and any permanent strain at each gage shall
bedeterminedafter anypressure increment that indicates
an increase in strain 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
the desired working pressure, but shall not exceed the
pressure at which the plotted points for the most

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

(1) 0.2%permanent strain for carbon, low alloy, and
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 determined by
HG-501.6,

=P H
Y
Y

0.5 s

a

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

=P H0.4

where

H = hydrostatic test pressure at which the test was
stopped in accordance with (c)

Ya = actual average yield strength from test specimens
Ys = specified minimum yield strength

HG-502.2 ð23ÞDisplacement 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 onwhichmeasurements are being
made and do not include any slip of themeasuring devices
or any movement of the fixed base points or of the pres-
sure part as a whole.
(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 thepressure is removed.Theapplicationofpressure
shall be stopped when it is evident that the curve through
the points representing displacement under pressure has
deviated from a straight line.
(d) Thepressure coincidentwith the proportional limit

of thematerial shall be determined by noting the pressure
atwhich 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,

=P H
Y
Y

0.5 s

a

(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 specifiedminimumtensile strengthof
not over 70,000 psi (480 MPa)

(U.S. Customary Units)

=
+

i
k
jjj y

{
zzzP H0.5 S

S 5,000
(2a)

(SI Units)

=
+

i
k
jjj y

{
zzzP H0.5 S

S 34,000
(2a)

(-b) for any acceptablematerial listed in Section II,
Part D, Table 6A, Table 6B, Table 6C, or Table 6D

=P H0.4 (2b)

where

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

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

(e) When eq. (2a) of (d)(2)(-a) or eq. (2b) of (d)(2)(-b)
is used, thematerial in the pressure part shall have had no
appreciable cold working 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 pressurewhen constructed of anymaterial
permitted to be used under the rules of Section IV. 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. Asanalternative, thehydrostatic testmaybestopped
when the test pressure reaches a value that will, by the
formula in (b) below, justify the design pressure.
(b) Thedesign pressureP, psi, for pressure parts tested

under this paragraph shall be computed by the following
formula:

= ×P
P S

S S5 or
B

a m

where

PB = bursting test pressure
S = specified minimum tensile strength
Sa = averageactual tensile strengthof test specimensor

cast test bars
Sm = maximum tensile strength of range of specification

HG-502.4 ð23ÞBrittle 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 coatedwith 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 H
Y
Y

0.5 s

a
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(2) to eliminate the necessity of cutting tensile speci-
mens 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 specifiedminimumtensile strengthof
not over 70,000 psi (480 MPa),

(U.S. Customary Units)

=
+

i
k
jjj y

{
zzzP H0.5 S

S 5,000
(2a)

(SI Units)

=
+( )P H0.5 S

S 34 500
(2a)

(-b) for any acceptablematerial listed in Section II,
Part D, Table 6A, Table 6B, Table 6C, or Table 6D

=P H0.4 (2b)

where

H = hydrostatic test pressure at which the test was
stopped

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

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

HG-503 Tests of Parts Subject to Collapse

Partsof theboilernormally subject to collapse forwhich
specified rules are not provided in this Section shall with-
stand without excessive deformation a hydrostatic test of
not less than three times the 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 11∕2 times the maximum allowable working pressure.
The dimensions and minimum thickness of the structure
to be tested should not varymaterially from those actually
used. A geometrically similar part may be qualified by a
seriesof tests covering the complete size rangeof thepres-
sure part.

HG-505 Test Gages

(a) An indicating gage shall be connecteddirectly to the
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 11∕2 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 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

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

HG-510 Hydrostatic Tests

(a) Cast iron boilers shall be tested in accordance with
HC-410.
(b) Forboilerswith integrally finned tubesandadesign

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) Ahold timeof 5min ismaintainedon theboiler 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 11∕2 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
to21∕2 times thedesignpressureof the cast ironpart or11∕2
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
maximum allowable working pressure 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 (70kPa). The visual inspectionof 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-511ð23Þ 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 1∕2 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 be used.
(d) Theboiler shall bevisually inspected forevidenceof

damage before pressurization.
(e) The boiler should be tested in such a manner as to

ensurepersonnel safety froma release of the total internal
energy of the vessel. Section IV does not address all
possible safety considerations associated with use of
the pneumatic test. It is the responsibility of the
Manufacturer to establish appropriate safety and
health practices and to determine the applicability of
any regulatory requirements or limitations before the
application of the pneumatic test.
(f) The required test pressure shall be greater of 38

psi (262 kPa) or 1.1 times the MAWP.
(g) Overpressure relief protection shall be provided.

The set pressure of a pressure relief valve should not
be more 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) TheManufacturer’s Data Report Forms shall state in

the Remarks section, “Pneumatic test performed in lieu of
standard hydrostatic test as prescribed in HG-510.”

(j) 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 water, and the water shall
have a minimum temperature of 60°F (16°C).

(3) Before the holding period, the immersed boiler
shall be rotatedaminimumof180degarounda lateral axis
to release any trapped air.

(4) After the holding period, the pressure may be
r e d u c e d t o t h e MAWP , b u t n o t l e s s t h a n
38 psi (262 kPa), and maintained at this pressure
while a thorough visual inspection for leakage is made
with the boiler submerged in water.

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

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

HG-512 Pressure Relief Valve Accumulation Tests

If the pressure relief valve capacity cannot be computed
or if it is desirable to prove the computations, it may be
checked in any one of the following ways and, if found
insufficient, additional capacity shall be provided
(a) bymaking an accumulation test, that is, by shutting

off all discharge outlets from the boiler and forcing the
fires to themaximum, 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) bymeasuring themaximumamount 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 followingparagraphs and,
in addition, to the specific requirements for inspectionand
tests given in Parts HF and HC.

HG-515.2 ð23ÞManufacturer’s Responsibility. The
Manufacturer has the responsibility of providing the
Inspector with all specified information and of assuring
that the quality control, the detailed examination, and the
tests required by this Section are performed at the stages
of constructionnecessary topermit themtobemeaningful
(see F-202.5). These responsibilities shall include, but not
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be limited to, providing ormaking available for review the
following:
(a) the Certificate of Authorization from the ASME

Boiler and Pressure Vessel Committee authorizing the
Manufacturer to fabricate the type of boiler being
constructed (see HG-540)
(b) the drawings and design calculations for the boiler

or part (see Part HG, Article 3; Part HF, Article 3; Subpart
HW, Article 7; Subpart HB, Article 13; and Part HC,
Article 3)
(c) identification for all materials used in the fabrica-

tion of the boiler or part (see Part HG, Article 2; Subpart
HW, Article 5; Subpart HB, Article 11; and Part HC,
Article 2)
(d) any 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 Control
System (see F-202.6)
(h) evidence of qualification of the welding and/or

brazing procedures before they are used in fabrication
(see HW-610, HB-1001, HB-1202, and F-202.7)
(i) 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 examination 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 been cleaned and the alignment tolerances aremain-
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)
(l) subjecting the boiler to the required hydrostatic test

(see HG-510)

(m) affixing the requiredmarking and/or nameplate to
the boiler and making certain it is affixed to the proper
boiler (see HG-530)
(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 requirements
of ASME QAI-1 (see HC-502.12 or HA-502.12; 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-502.10, 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 ð23ÞInspect ion by an Author ized
Inspector.

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

(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)

(8) checking to see that theproper joint factor is used
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 construction
and after completion and, at the option of the Authorized
Inspector, at suchother stagesof theworkashemaydesig-
nate. For specific requirements, see the applicable parts of
this Section. Each Manufacturer or assembler is required
to arrange for the services of Authorized Inspectors (see
HG-515.2) to perform such inspections on all of this work
within the scope of this Section, whether performed in the
shop or in the field.
(b) When mass production of boilers or HLW-marked

vesselsmakes it impracticable for the Inspector to person-
ally performeachof his requiredduties, theManufacturer,
in collaboration with the Inspector, shall prepare an
inspection and quality control procedure setting forth,
in complete detail, themethod bywhich 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-520ð23Þ Manufacturer’s Data Reports

HG-520.1 Manufacturer’s Master Data Report.
Eachmanufacturerofheatingboilersofwroughtmaterials
to which the Certification Mark with H designator is to be

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

created when a completed boiler or an uninterrupted
sequence of identical boilers completed, inspected, and
marked in a continuous 8-hr period as 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 summarize 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
de f ined in HG-530 .1 . The “YES” box nex t 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 boiler Manufacturer shall have the responsi-

bility of furnishing 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

of a boiler 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 thepartsmanufacturer and shall be forwarded indupli-
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) Manufacturerswithmultiple locations, eachwith its

own Certificate of Authorization, may transfer parts from
one of their locations to another without Manufacturer’s
Partial Data Reports, provided the Quality Control System
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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 Manufac turer ’ s Data Repor t Form. Th is
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
FormH-5orH-5A, theAuthorized 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-530.1ð23Þ Marking Requirements for Boilers
(and Economizers Built to Mandatory Appendix
10) Other Than Those Constructed Primarily of
Cast Iron or Cast Aluminum (See HG-530.2).

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

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

(2) maximum allowable working pressure
(3) pressure relief valve capacity (minimum), 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)
(5) manufacturer’s serial number
(6) year built
(7) maximum water temperature

(8) for economizers, heat absorption in Btu/hr (kW)
NOTE:Theyearbuiltmaybe incorporated into the serial number
as a prefix consisting of the last two digits of the year.

(b) The information listed in (a), including the
Certification Mark, shall be applied by stamping,
etching, engraving, dot peening, laser annealing, or
another process that leaves a permanent, legible mark.
No coating that obscures the marking shall be allowed.
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 or displaces mate-
rial, controls shall be established so that the characters
shall be at least 0.004 in. (0.10 mm) deep.

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

(4) Laser annealing shall beallowedonlyonstainless
steel and aluminum.
(c) Items (a)(1) through (a)(7) listed in (a) above, with

the markings arranged substantially as shown in Figure
HG-530.2 or FigureHG-530.3, shall bemarkedwith letters
at least 5∕16 in. (8mm) high [except as permitted in (f)] and
in some conspicuous place on the boiler proper or on a
nameplate at least 3∕64 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

(2) character size shall be no smaller than
5∕32 in. (4 mm)

Figure HG-530.1
Official Certification Mark to Denote the American

Society of Mechanical Engineers’ Standard
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(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 in some conspicuous
place using letters and numerals at least 5∕16 in. (8 mm)
high.

(2) Anopeningwith a removable cover isprovided in
the jacket or other form of casing so that, when removed,
the required markings or nameplate on the boiler proper
can be viewed.

(3) The required markings are duplicated and
marked on a nonferrous nameplate at least 3 in. × 4
in. (75 mm × 100 mm) size with letters at least 1∕8 in.
(3 mm) high. The nameplate is permanently attached
to the casing in some conspicuous place by mechanical
means 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
boilerafter the final fabricationandexamination sequence
butbefore thehydrostatic test, provided theprocedure for
sequence of marking is described in the manufacturer’s
accepted quality control system.

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

HG-530.2 ð23ÞMarkingRequirements forCast Ironor
Cast Aluminum Boilers.
(a) All cast iron boiler parts or sections to which the

CertificationMark is to be applied shall be built according
to the rules of this Section by a Manufacturer8 who is in
possession of a CertificationMark 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 5∕16 in. (8 mm) high:

(1) the boiler or parts Manufacturer’s8 name or ac-
ceptable abbreviation, preceded by the words “Certified
by:” (or “Cert. by” on cast boiler sections onlywhere space
formarking is limited; the abbreviation “Cert. by” shall not
be used on nameplates)9

(2) maximum allowable working pressure9, 10
(3) pattern number
(4) casting date

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

Figure HG-530.2
Steam and Water Boilers Form of Marking on
Completed Boilers or Their Nameplates

(Not Applicable for Boilers Constructed Primarily
of Cast Iron)

Certified by 

(Name of Manufacturer) 
1MAWP, Steam 
1MAWP, Water 

1Maximum Water Temp. 

Minimum relief valve capacity
Manufacturer’s serial no.

2Heating surface boiler 
3Heating surface water wall 

4Year built

GENERALNOTE: Acceptable abbreviationsof anyof thewordingmay
be used.

NOTES:
(1) For steam only boilers, MAWP Water and Maximum Water

Temperature markings are optional.
(2) Kilowatt power input for electric boilers.
(3) List each type of surface separately. May be omitted if type

heating surface is not present.
(4) May be omitted when year built is prefix to serial number (see

HG-530.1).

Figure HG-530.3
Boilers Suitable for Water Only

Form of Marking on Completed Boilers or Their
Nameplates

(Not Applicable for Boilers Constructed Primarily
of Cast Iron)

Certified by 

(Name of Manufacturer) 

MAWP, Water 

Maximum Water Temp. 

Minimum relief valve capacity
Manufacturer’s serial no.

3Year built

1Heating surface boiler 
2Heating surface water wall 

GENERALNOTE: Acceptable abbreviationsof anyof thewordingmay
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).
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The process controls for etching shall be described in
the Quality Control System. Etched information shall have
a minimum depth of 0.004 in. (0.1 mm) and shall not
compromise the minimum wall thickness. The surface
condition where etching is applied shall be clean,
uncoated, and unpainted.
Other data may be cast or etched on the sections. The

marking “ASME” or “ASME standard” shall not be used.

(b) All cast aluminum boiler parts or sections to which
the Certification Mark is to be applied shall be built
a c co rd i ng t o the ru l e s o f t h i s S e c t i on by a
Manufacturer8 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 letters
or numerals at least 5∕16 in. (8 mm) high:

(1) the boiler or parts Manufacturer’s8 name or ac-
ceptable abbreviation, preceded by the words “Certified
by:” (or “Cert. by” on cast boiler sections onlywhere space
formarking is limited; the abbreviation “Cert. by” shall not
be used on nameplates)9

(2) maximum allowable working pressure9, 10
(3) pattern number
(4) casting date
(5) the material specification identification number

and grade or an abbreviation traceable to the material
certification9, 10
In lieu of directlymarking the castings, the data in items

(b)(1), (b)(2), and (b)(5) may be stamped or etched on a
permanently attached 3∕64 in. (0.2 mm) thick nonferrous
nameplateusing lettersandnumerals at least 1∕8 in. (3mm)
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
Ce r t i f i c a t i on Ma rk and va l i d Ce r t i f i c a t e o f
Authorization shall be one of the following:

(1) the shop that assembles sections into boilers,
performs the hydrostatic test, and installs the nameplate

(2) the shop that installs the nameplate on a boiler,
previously assembledandhydrotestedbyanother author-
ized Certificate Holder

Figure HG-530.4
Steam and Water Boilers

Form of Data Cast or Marked on Cast Iron Boiler
Sections

Certified by 

(1) 
Name of Manufacturer 

MAWP, Steam 

MAWP, Water (2) 

(3) 

(4) 

(Pattern number) 

(Casting date) 

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

Figure HG-530.5
Boilers Suitable for Water Only

Form of Data Cast or Marked on Cast Iron Boiler
Sections

Certified by 

(1) 
Name of Manufacturer 

MAWP, Water (2) 

(3) 

(4) 

(Pattern number) 

(Casting date) 

GENERAL NOTE: For (1) through (4), refer to HG-530.2(a)(1)
through HG-530.2(a)(4).
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(3) the shop that only installs the nameplate on a
boiler.
(e) The markings for the completed boiler shall be

arranged substantially as shown in Figure HG-530.7 or
Figure HG-530.8.
(f) Data for more than one size boiler in a model series

may be listed on the nameplate. When different model
numbers having the same number of sections and
jacket length have different minimum pressure relief
valve capacities, the highest value shall be listed. The
following additional information shall be included for
each size listed:

(1) boiler model number
(2) number of sections
(3) jacket length
(4) the statement: “To determine boiler size, count

the number of sections or measure the jacket length”
(g) Theprovisionsof (c) above shall bemetusingoneof

the following methods:
(1) stamping or etching the required markings on a

nonferrousnameplateatleast3in.×4in.(75mm×100mm)
in size and 3∕64 in. (1.2 mm) thick using letters and
numerals at least 1∕8 in. (3 mm) high and permanently
attaching the nameplate to the boiler proper in some
conspicuous place. The nameplate shall not be covered
with insulating or other material except that when a
jacket or other form of casing is applied to a boiler, an
opening with a removable cover shall be provided for
viewing the required markings.

(2) stamping or etching the required markings
directly into the boiler jacket in some conspicuous
p l a c e u s i n g l e t t e r s a n d nume r a l s a t l e a s t
5∕16 in. (8 mm) high.

(3) stamping or etching the required markings on a
nonferrousnameplateatleast3in.×4in.(75mm×100mm)
in size using letters and numerals at least 1∕8 in. (3 mm)
high and permanently attaching the nameplate to the
casing in some conspicuous place by mechanical means
or by an adhesive system.

(4) marking the required markings on a nonmetallic
nameplate at least 3 in. × 4 in. (75 mm × 100 mm) in size
using letters and numerals at least 1∕8 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-530.6
Boilers Suitable for Water Only

Form of Data Cast or Marked on Cast Aluminum
Boiler Sections

Certified by 

(1) 
Name of Manufacturer 

MAWP, Water (2) 

(3) 

(4) 

(Pattern number) 

(Casting date) 

(5) 
(Material specification/grade) 

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

Figure HG-530.7
Steam and Water Boilers

Form of Marking on Completed Cast Iron Boilers or
Their Nameplates

Certified by 

Name of Shop Assembler 

MAWP, Steam 

MAWP, Water 

Maximum Water Temp. 

Minimum relief valve capacity 

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, Water 

Maximum Water Temp. 

Minimum relief valve capacity 
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(-a) the nameplate and the adhesive system shall
meet the requirements of Mandatory Appendix 3. Other
data may be marked on the jacket or the nameplate
provided the required markings are distinct and separate
from the other data. The marking “ASME” or “ASME stan-
dard” shall not be used.

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

(-c) thenameplatemaybeattached to the casingof
a cast iron or cast aluminumboiler by theManufacturer 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-531ð23Þ 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 bemarked inoneof the followingmanners:

(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)O.D. andunder]maybe

marked with an identification acceptable to the Inspector
(e.g., a bar code, etching, or paint stencil) and traceable to
theManufacturer’s Partial Data Report in lieu of themark-
ings described in (a) and (b). Such marking shall be of a
type that will remain visible until the part is installed. The
Certification Mark is not required.
(e) A nameplate furnished with the Certification Mark

onpartsmaybe removedduring the completionof a boiler
if all of the following conditions are satisfied:

(1) The nameplate interferes with further fabrica-
tion or service.

(2) The Manufacturer of the completed boiler has
agreement from the Authorized Inspector to remove
the nameplate.

(3) The removal of the nameplate shall be noted in
the Remarks section of the Manufacturer’s Data Report.

(4) The removed nameplate shall be destroyed.

(f) No part or accessory of a boilermay bemarkedwith
the CertificationMark shown in FigureHG-530.1 unless so
specified in the Code. The markings “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 theymanufacture shall
identify on the Manufacturer’s Partial Data Report the
organization responsible for the design of the part or
accessory.

HG-532 ð23ÞMarking of Field-Assembled Wrought
Boilers

HG-532.1 Responsibility of Manufacturer of
Boiler.When a boiler manufactured of 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 Completion of Manufacturer’s Data
Report Form. The Manufacturer’s Data Report Form
shall be properly completed by the manufacturer and
the Authorized Inspector, who shall sign the certificate
of shop inspection certifying that each enumerated
item that has been inspected at the shop conforms to
the requirements of the ASME Code. The manufacturer
in signing each 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)

(Serial Number of Part)

PART
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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-533.1ð23Þ 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 whomeet the require-
ments of HW-610.

HG-533.2ð23Þ Completion of Manufacturer’s Data
Report Forms. When the assembly is performed by
anyone other than the manufacturer of the boiler, the
Manufacturer’s Data Report Form shall be 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” or “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 conformwith the requirements
of the ASME Boiler and Pressure Vessel Code.”

HG-533.3ð23Þ 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,
togetherwith the Inspector’s own inspection, shall consti-
tutehis authority to sign theCertificate of Field Inspection.

HG-533 .4 App l i ca t i on o f Assemble r ’s
Certification Mark. The Assembler’s Certification
Mark with H designator, together with the assembler’s

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 assembly is accepted by the
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 to use the
Certification Mark with H designator is limited to the
field assembly of welded boilers constructed to Section
IV (see HG-540).

HG-533.6 ð23ÞCertificate of Field Inspection. The
Certificate of Field Inspection on the Manufacturer’s
Data Report Form shal l be completed by the
Authorized Inspector. The 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 ð23ÞMechanical Field Assembly. For a
boiler manufactured of wrought materials that has not
been completed 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 Cert i f i cate 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. Themarking on cast iron boilers
shall meet the requirements of HG-530.2. The nameplate
shall beattached to thecasingby theManufacturerorShop
Assembler.

HG-534 .3 Assembly Ins t ruc t i ons . The
Manufacturer shall provide printed instructions for the
installer to follow when mechanically assembling the
boiler, including instructions for performing the

Figure HG-531.2
ð23Þ Form of Marking on Part or Accessory —

PRT IV Designator

(Name of Manufacturer)

(Serial Number of Part)

PRT IV

ASME BPVC.IV-2023

49



hydrostatic test of the assembled boiler in HC-410.1 and
HC-410.2.

HG-540 Certification Marks

HG-540.1ð23Þ Authorization. A Cert i f i cate 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 theCertificationMark 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 cert i f i ca t ion 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 Des i gna t ed Ove r s i gh t . Th e
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 Qual i ty 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), inspection of
boilers, vessels, parts (by the Authorized Inspector), pres-
sure testing, and certification will be met.
(a) The quality control system shall be in accordance

with the requirements of Nonmandatory Appendix F,
except for Cast Iron Boiler and Cast Aluminum Boiler
Certificate Holders.
(b) The quality control system shall be in accordance

with the requirements of Article 5 of Part HC and Part HA,
respectively, for Cast Iron Boiler and Cast Aluminum
Boiler Certificate Holders.
(c) For Manufacturers and Assemblers of parts who do

not perform or assume any design responsibility for the
parts they manufacture, the quality control system need
only describe how the design documents, including speci-
fications, drawings, and sketches that are received from

thepurchaser of the part, are controlled andhow theparts
are controlled when in the custody of the parts’
Manufacturer or Assembler.

HG-540.5 ð23ÞEvaluation 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 concerned
legal jurisdiction, except that for CertificationMarkwithH
designator (cast iron) andCertificationMarkwithHdesig-
nator (cast aluminum), the review shall be yearly by an
ASME Designee selected by ASME.
Certificates of Authorization will be endorsed to indi-

cate the scope of activity authorized.

HG-540.6 Authorization of Changes. Any changes
to bemade in the quality control system shall bemade and
accepted in accordancewith the requirements specified in
ASMECA-1. ForManufacturers ofmultiple duplicate pres-
sure vessels,11 acceptance of these changes by the juris-
diction (if applicable) and an ASME Designee is also
required.
For those areaswhere 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 Regu la t i on s on Use o f t he
Certification Mark. ASME may, at any time, revise
the regulations concerning the issuance and use of the
Certification Mark as it deems appropriate, and all
such regulations shall become binding upon the
holders of any valid Certificates of Authorization.
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ARTICLE 6
INSTRUMENTS, FITTINGS, AND CONTROLS

HG-600 GENERAL
All instruments, fittings, and controls described in this

Article shall be installed prior to operation.

HG-601 FOR STEAM HEATING BOILERS

HG-602 Steam Gages

(a) Each steam boiler shall have a steam gage or a
compound steam gage connected to its steam space or
to its water column or to its steam connection. The
gage or piping to the gage shall contain a siphon or equiva-
lent device thatwill developandmaintain awater seal that
will prevent steam fromentering the gage tube. Thepiping
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 is
open. The gage connectionboiler tapping, external siphon,
or piping to the boiler shall not be less thanNPS 1∕4 (DN 8).
Where steel or wrought iron pipe or tubing is used, the
boiler connection and external siphon shall be not less
than NPS 1∕2 (DN 15). Ferrous and nonferrous tubing
having inside diameters at least equal to 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) normore than
60 psi (414 kPa). The travel of the pointer from 0 psi to
30 psi (0 kPa to 200kPa) pressure shall be at least 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
means of valved fittings not less than NPS 1∕2 (DN 15),
with the lower fitting provided with a drain valve of a
type having an unrestricted drain opening not less
than 1∕4 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.
Boilers having an internal vertical height of less than

10 in. (250 mm)may be equipped with a water level indi-
cator of the Glass Bull’s-Eye type provided the indicator is

of sufficient size to show the water at both normal oper-
ating and low-water cutoff levels.
(b) The lowest visible part of the water gage glass shall

be at least 1 in. (25 mm) above the lowest 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 be provided at the time of the manu-

facture with a permanent marker indicating the lowest
permissible water level. The marker shall be stamped,
etched, or cast in 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: Transparentmaterial other thanglassmaybeused 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 themanufacturer.
(d) In electricboilersof the resistanceelement 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 theManufacturer. Each electric boiler of
this type shall also be equipped with an automatic low-
water cutoff on eachboiler 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
columnor directly to the boiler bymeans of valved fittings
not less than NPS 1∕2 (DN 15). The device shall be provided
with a drain valve of a type having an unrestricted drain
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openingnot less than 1∕4 in. (6mm) indiameter to facilitate
cleaning. Service and replacement of internal parts and/or
housing shall be possible with the boiler under pressure.

HG-604 Water Column and Water Level Control
Pipes

(a) The minimum size of ferrous or nonferrous pipes
connecting awater column to a steamboiler shall beNPS1
(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 columnor thepiping connecting awater column toa
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 beplaced in suchpipe, anda crossor 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 3∕4 (DN 20).
(b) The steam connections to the water column of a

horizontal firetube wrought boiler shall be taken from
the top of the shell or the upper part of the head, and
the water connection shall be taken from a point not
above the center line of the shell. For a cast iron
boiler, the steam connection to the water column shall
be taken from the top of an end section or the top of
the steam header, and the water connection shall be
made on an end section not less than 6 in. (150 mm)
below the bottom connection to the water gage glass.

HG-605 Pressure Control

Each automatically fired steamboiler shall be protected
from overpressure by two pressure-operated controls.
These controls shall conform to UL 353, Standard for
LimitControls, and shall be acceptedbyanationally 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 the boiler. Each control shall be constructed to
prevent a pressure setting above 15 psi (100 kPa).
(b) Each individual steam boiler shall have a control

that will cut off the fuel supply when the pressure
reaches an operating limit, which shall be less than the
maximum allowable pressure.
(c) Shutoff valves of any type shall not be placed in the

steam pressure connection between the boiler and the
controls described in (a) and (b) above. These controls
shall be protected with a siphon or equivalent means

of maintaining a water seal that will prevent steam
from entering the control. The control connection
boiler tapping, external siphon, or piping to the boiler
shall be not less thanNPS 1∕4 (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 1∕4 (DN 8) for lengths up to
and including 5 ft (1.5 m), and not less than NPS 1∕2
(DN 15) for lengths over 5 ft (1.5 m).

(2) Steam pressure supply connections to a single
pressure control using pipe of ferrous material shall be
not less than NPS 1∕2 (DN 15) for lengths 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 lengths up to and including 5 ft (1.5 m),
and not less than NPS 3∕4 (DN 20) for lengths over 5 ft
(1.5m).Formanifoldsusing ferrousmaterial, themanifold
and common source connection to the boiler, shall be not
less thanNPS3∕4 (DN20) for lengthsup toand including5 ft
(1.5m) and not less thanNPS 11∕4 (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,
provided the connections are made to the boiler with
nonferrous tees or Y’s not less than NPS 1∕2 (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 thewater glass
fittings, and the side outlet or branch of the tee or Y shall
take the fuel cutoff orwater feeding device. The ends of all
nipples shall be reamed to full-size diameter.
(c) Fuel cutoffs andwater feeding devices embodying a

separate chamber shall have a vertical drain pipe and a
blowoff valve not less than NPS 3∕4 (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 amanner 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 not less
than 11∕2 nor more than 31∕2 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 11∕2 times the pressure at which the pressure
relief valve is set. It shall be accurate to within ±2% of full
scale.

(3) The transducer shall have a media compatibility
of both l iquids 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

connections shall be of nonferrous metal when smaller
than NPS 1 (DN 25).

HG-612 Thermometers/Temperature Sensors

Each hot water heating or hot water supply boiler shall
have a thermometer or 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
at all times indicate the temperature of the water in the
boiler at or near the outlet.

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

least equal to 320°F (160°C) but not more than 400°F
(205°C).
(c) Electronic temperature sensorused in lieu 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
minimumof 70°F (20°C) to 320°F (160°C). It shall be accu-
rate to within ±1 deg.

(3) The sensor shall have a minimum operating
temperature range of 32°F to 300°F (0°C to 150°C).

(4) The display shall have an ambient operating
temperature range of 32°F to 120°F (0°C to 50°C)
unless otherwise required by the application.

HG-613 Temperature Control

Each automatically fired hot water heating or hot water
supplyboiler shall beprotected fromover-temperatureby
two temperature-operated controls. These temperature
control devices shall conform to UL 353, Standard for
Limit Controls, and shall be acceptedbyanationally 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 maximumwater 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 the level established in (b) below(seeFigureHG-703.2).
(b) As there is no normal waterline to bemaintained in

a hotwater boiler, any location of the low-water fuel cutoff
above the lowest safe permissible water level established
by the boiler manufacturer is satisfactory.
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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
forced circulation to prevent overheating of the coils
or tubes shall have a flow-sensing device installed in
lieu of the low-water fuel cutoff required in (a) above
to automatically cut off the fuel supply when the circu-
lating flow is interrupted.
(d) Ameans 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

Anyor all instruments, fittings, and controls requiredby
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
theboiler or boilers shouldbe installed in accordancewith
the provisions of theNational Electric Code and/or should
comply with the applicable local electrical codes. All
boilers suppliedwith factorymounted andwired controls,
heat generating apparatus, and other appurtenances nec-
essary for the operation of the boilers should be installed
in accordance with the provisions of the nationally recog-
nized standards such as those of HG-640.12

HG-632 Type Circuitry to be Used

Whether field or factory wired, the control circuitry
shall be positively grounded and shall operate at 150 V
or less. Oneof the two following systemsmaybe employed
to provide the control circuit.
(a) Two-Wire Nominal 120 V System With Separate

Equipment Ground Conductor

(1) This system shall consist of the line, neutral, and
equipment ground conductors. The control panel frame
and associated control circuitry metallic enclosures
shall be electrically continuous and be bonded to the
equipment ground conductor.

(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.13

(3) The line side of the control circuit shall be
provided with a time delay fuse sized as small as
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 isolation transformer.
One wire from the secondary of this transformer shall
be electrically continuous and shall be bonded to a conve-
nient cold water pipe. All metallic enclosures of control
components shall be securely bonded to this ground
control circuit wire. The primary side of the isolation
transformer will normally be a two-wire source with a
potential of 230 V or 208 V or 440 V.

(2) Both sides of the two-wire primary circuit shall
be fused. The hot leg on the load side of the isolation trans-
former shall be fused as small as practicable and in no case
fused above the rating of the isolation transformer.

HG-633 Limit Controls

Limit controls shall bewiredon thehotor line sideof 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.
Considerationshouldalsobegiven to the typeand location
of the switch to safeguard against tampering. If the boiler
roomdoor is on the building exterior the switch should be
located just inside the door. If there ismore 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) Oil and gas-fired and electrically heated boilers
should be equipped with suitable primary (flame safe-
guard) safety controls, safety limit switches, and
burners or electric elements as required by a nationally
recognized standard.12
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(b) The symbol of the certifying organization14 that has
investigated such equipment as having complied with a
nationally recognized standard shall be affixed to the

equipment and shall be considered as evidence that
the unit was manufactured in accordance with that
standard.
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ARTICLE 7
INSTALLATION REQUIREMENTS

HG-700 INSTALLATION REQUIREMENTS, ALL
BOILERS

HG-701 Mounting Pressure Relief Valves

HG-701.1 Permissible Mounting. Pressure relief
valves shall be located in the top or side15 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 installedwith 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-70 1 . 2 Requ i r emen t s f o r Common
Connections for Two or More Valves.

(a) When a boiler 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) WhenaY-base isused, the inlet area shall benot less

than the combinedoutlet areas.When the size of theboiler
requires a pressure relief valve larger than 41∕2
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
shutoff of any description shall be placed between the
pressure relief valve and the boiler, or on discharge
pipes between such valves and the atmosphere.

HG-701.6 Pressure Relief Valve Discharge
Piping.

(a) A discharge pipe shall be used. Its internal cross-
sectional area shall be not less than the full area of the
valve outlet or of the total of the valve outlets discharging
thereinto and shall be as short and straight as possible and
soarrangedas toavoidunduestress on thevalveor 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 discharge pipe, it shall be located close to the
valve outlet downstream of the union.
(b) The discharge from pressure relief valves shall be

so arranged that there will be no danger of scalding atten-
dants. The pressure relief valve discharge shall be piped
away from the boiler to the point of discharge, and there
shall be provisionsmade 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 themaximumwater 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
the outlet pointed down.
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HG-703 Piping
16

HG-703.1 Provisions for Expansion and
Contraction. Provisions shall bemade 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), andHG-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 11∕2 (DN 40) for 4
ft2 (0.37 m2) or less firebox area at the normal grate
line, NPS 21∕2 (DN 65) for areas more than 4 ft2 (0.37
m2) up to 14.9 ft2 (1.4 m2), and NPS 4 (DN 100) for
15 ft2 (1.4 m2) or more.
(c) For automatically fired boilers that do not have a

normal grate line, the recommended pipe sizes detailed as
“A” in Figures HG-703.1(a) and HG-703.1(b) are NPS 11∕2
(DN 40) for boilers with minimum pressure relief valve
relieving capacity 250 lb/hr (113 kg/hr) or less, NPS 21∕2
(DN 65) for boilers with minimum pressure relief valve
relieving capacity from251 lb/hr (114 kg/hr) to 2,000 lb/
hr (900 kg/hr), inclusive, and NPS 4 (DN 100) for boilers
with more than 2,000 lb/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 to 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.
Thewater flow from the independent connection shall not
discharge directly against parts of the boiler exposed to
direct radiant heat fromthe fire. Feedwaterorwater treat-
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.

The feedwater pipe shall be provided with a check valve
(or a backflowpreventer containing a check valve17 ) near
the boiler. A stop valve or cock shall be installed either
upstream or downstream of the check valve (or backflow
preventer containing a check valve17).
(b) Hot Water Boilers. Makeup water may be intro-

duced into a boiler through the piping system or
through an independent connection. The water flow
from the independent connection shall not discharge
directly against parts of the boiler exposed to direct
radiantheat fromthe fire.Makeupwater shall notbe intro-
duced through openings or connections provided exclu-
sively for inspection or cleaning, pressure relief valve,
pressure gage, or temperature gage. The makeup water
pipe shall be provided with a check valve (or a backflow
preventer containing a check valve17) near the boiler. A
stop valve or cock shall be installed either upstream or
downstream of the check valve (or backflow preventer
containing a check valve17).
(c) The minimum pressure rating of all check valves,

stop valves, cocks, or backflow preventers with check
valve(s) shall be at least equal to the pressure marked
on the boiler, and the temperature rating of such
check valves, 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,
SectionVIII, Division1; or SectionX. For tanks constructed
to SectionX, themaximumallowable temperaturemarked
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
prevent freezing under normal operating conditions.
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Figure HG-703.1(a)
Steam Boilers in Battery — Pumped Return — Acceptable Piping Installation
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GENERAL NOTES:
(a) Returnconnections shown foramultiple boiler installationmaynot always insure that the systemwill operateproperly. Inorder tomaintainproperwater levels inmultiple boiler installations,

it may be necessary to install supplementary controls or suitable devices.
(b) Plumbing codes may require the installation of a reduced pressure principle backflow preventer on a boiler when the makeup water source is from a potable water supply.

NOTE: (1) Recommended for 1 in. (DN 25) and larger pressure relief valve discharge.
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Figure HG-703.1(b)
Steam Boilers in Battery — Gravity Return — Acceptable Piping Installation
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GENERAL NOTES:
(a) Returnconnections shown foramultiple boiler installationmaynot always insure that the systemwill operateproperly. Inorder tomaintainproperwater levels inmultiple boiler installations,

it may be necessary to install supplementary controls or suitable devices.
(b) Plumbing codes may require the installation of a reduced pressure principle backflow preventer on a boiler when the makeup water source is from a potable water supply.

NOTE: (1) Recommended for 1 in. (DN 25) and larger pressure relief valve discharge.
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Figure HG-703.2
Hot Water Boilers in Battery — Acceptable Piping Installation

GENERAL NOTE: Plumbing codesmay require the installation of a reduced pressure principle backflow preventer on a boiler when themakeup
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/or service.
(2) The common return header stop valves may be located on either side of the check valves.

ASME BPVC.IV-2023

60



HG-709 .1 Heat ing Systems With Open
Expansion Tank. An indoor overflow from the upper
portionof the expansion tank shall beprovided inaddition
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 be 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 VIII, Division 1. Alternatively, a tank built to
Section X requirements 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
is available:

(U.S. Customary Units)

= [ ] [ ]V T V P P P P(0.00041 0.0466) ( ) ( )t s a f a o

(SI Units)

= [ ] [ ]V T V P P P P(0.000738 0.03348) ( ) ( )t s a f a o

where

Pa = atmospheric pressure
Pf = fill pressure
Po = maximum operating pressure
T = average operating temperature
Vs = volume of system, not including tanks
Vt = minimum volume of tanks

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-
odically. 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 ð23ÞFor Single Hot Water Heating Boilers.

(a) Stop valves shall be located at an accessible point in
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
stop valve shall be used in each supply and return
pipe connection of two or more boilers connected to a

Table HG-709.2
Expansion Tank Capacities for Forced Hot Water

Systems

System Volume,
gal (m3)

Tank Capacities, gal (m3)
Prepressurized
Diaphragm Type Nonpressurized Type

100 (0.38) 9 (0.034) 15 (0.057)
200 (0.76) 17 (0.064) 30 (0.114)
300 (1.14) 25 (0.095) 45 (0.170)
400 (1.51) 33 (0.125) 60 (0.227)
500 (1.89) 42 (0.159) 75 (0.284)
1,000 (3.79) 83 (0.314) 150 (0.568)
2,000 (7.57) 165 (0.625) 300 (1.136)

GENERAL NOTES:
(a) The capacities in this Table are based on an average operating

temperature of 195°F (90°C), a fill pressure of 12 psig, and a
maximum operating pressure of 30 psig (200 kPa).

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

HG-710.4ð23Þ Type of Stop Valve(s).

(a) All valvesor cocks shall conformwith theapplicable
portions of HF-203 and may be ferrous or nonferrous.
(b) Theminimum pressure rating of all valves or cocks

shall be at least equal to thepressuremarkedon theboiler,
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) All valves or cockswith stems or spindles shall have

adjustable-pressure-type packing glands or alternate
design to prevent leakage through the stem, 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 have tight closure when

under boiler hydrostatic test pressure.

HG-715ð23Þ Bottom Blowoff and Drain Valves

(a) BottomBlowoff Valve. Each steamboiler shall havea
bottom blowoff connection fitted with a valve or cock
connected to the lowest water space practicable with a
minimum size as shown in Table HG-715. The discharge
piping shall be full size to the point of discharge.
(b) Boilers having a capacity of 25 gal (95 L) or less are

exempt from the above requirements, except that they
must have an NPS 3∕4 (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
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

piping, valves, and cocks shall be NPS 3∕4 (DN 20). The
discharge piping shall be full size to the point of discharge.
When the blowoff connection is located at the lowest
water containing space, a separate drain connection is
not required.
(d) Minimum Pressure Rating. The minimum 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 36 in. (900 mm) shall
have not less than 12 in. (300 mm) between the
bottom of the boiler and the floorline, with access for
inspection. When the width is 36 in. (900 mm) or less,
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 outer edge than 12 in. (300 mm), this distance
shall be not less 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) In applying 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. (1 800 mm) in
Diameter. A horizontal-return tubular boiler over 72
in. (1 800 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.

HG-725.3 BoilersOver54 in. (1400mm).up to72
in. (1 800 mm) in Diameter. A horizontal-return
tubular boiler over 54 in. (1 400 mm) and up to and

Table HG-715
Size of Bottom Blowoff Piping, Valves, and Cocks
Minimum Required Pressure Relief
Valve Capacity, lb (kg) of steam/hr

[Note (1)]

Blowoff Piping, Valves,
and Cocks Min. Size,

NPS (DN)
Up to 500 (225) 3∕4 (20)
501 to 1,250 (225 to 550) 1 (25)
1,251 to 2,500 (550 to 1200) 11∕4 (32)
2,501 to 6,000 (1200 to 2700) 11∕2 (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 lb of
steam/hr by 1,000.

ASME BPVC.IV-2023

62



including72 in. (1800mm) indiameter 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. (1 400 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 is
supported by structural steel work, the steel supporting
members shall be so located or insulated that the heat
from the furnace cannot impair their strength.

HG-725.6 ð23ÞLugs or Hangers. Lugs, hangers, or
brackets made of materials in accordance with the
Code requirements may be attached by fusion welding
provided they are attached by fillet welds along the
entire periphery or contact edges. Figure HG-725(b) illus-
trates an acceptable design of hanger bracket. The bracket
plates shall be spaced at least 21∕2 in. (64 mm) apart, but
this dimension 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
exceed2800psi (19MPa).Where it is impractical toattach
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(a)
Spacing and Weld Details for Supporting Lugs in Pairs on Horizontal-Return Tubular Boiler

2 in.
(51 mm)

0.7 T

0.7 T

"T"

GENERAL NOTE: T = not less than 1% of the boiler diameter.

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

B

B'"R"

"T""T"

Section B - B'

0.7 T

21/2 in. (64 mm) min.

20 deg min.

20 deg max.

GENERAL NOTE: R = not less than 11∕2 × diameter of hole; T = not less than 1% of the boiler diameter.

ASME BPVC.IV-2023

63



strength given in Section II, Part D, Table 6A for bolting
materials.

HG-725.7 Settings. Boilers of wrought materials of
the wet-bottom type having an external width of over 36
in. (900 mm) shall be supported so as to have a minimum
clearance of 12 in. (300 mm), between the bottom of the
boiler and the floor, to facilitate inspection. When the
width is 36 in. (900 mm) or less, the clearance

between the bottom of the boiler and the floorline
shall be not less than 6 in. (150 mm), except when any
part of the wet bottom is not farther from the outer
edge than 12 in. (300 mm). This clearance shall be not
less than 4 in. (100 mm). Boiler insulation, saddles, or
other supports shall be arranged so that inspection open-
ings are readily accessible.
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ARTICLE 8
MODULAR BOILERS

HG-800 INSPECTION AND ACCESS OPENINGS
Modular boilers that are installed side by side, front to

back, orby stacking inaccordancewith theManufacturer’s
recommendations shall have their inspection openings
located so that they are accessible.

HG-801ð23Þ MARKING AND CERTIFICATION OF
MODULAR BOILERS AND USE OF
MANUFACTURER’S MODULAR
MASTER DATA REPORTS

Modular boilers shall bemarked and certified using one
of the following methods:
(a) Multiple individualmarkedandcertifiedboilers 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 per
the requirements of HG-530.1. Each individual boiler
shall have its own Manufacturer’s Master Data Report
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 primarily 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 requirements.

(4) The Manufacturer’s Modular Master Data report
shall summarize specific information for each boiler,
including the applicable Manufacturer’s Data Reports.
Form H-1 shall be used.
(b) Multiple individual unmarked modules are

combined and certified as a complete modular boiler
as follows:

(1) The assembledmodular 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
Master Data Report or Manufacturer’s Data Report per
the requirements of HG-520.1. Form H-2 or Form H-3
shall be used.

(3) The supply and return headers shall be
constructed in accordance with Section IV and recorded
on theManufacturer’s Data Report. FormH-2 or FormH-3
shall be used.

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

(5) TheManufacturer’s Modular Master Data Report
shall summarize specific 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) a pressure 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

equippedwitha safety limit control thatwill cutoff the fuel
supply to prevent steam pressure from exceeding the 15-
psi (100-kPa) maximum allowable working pressure of
the boiler. The control shall be constructed to prevent
a pressure setting above15psi (100kPa) [seeHG-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) a steamgage,whichmaybe located on the supply
header (see HG-602).

(2) a water gage glass (see HG-603).
(3) a pressure 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).
(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
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of the boiler. The control shall be constructed to prevent a
pressure setting above 15 psi (100 kPa) [see HG-605(a)].

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) a low-water fuel cutoff (see HG-614).
(c) When the assembled hotwater heating or hotwater

supply boiler is certified as a single boiler in accordance
with HG-801(b), the boiler assembly shall be equipped
with

(1) a pressure or altitude gage, whichmay 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 the fuel
supply when the temperature reaches an operating
limit, which shall be less than the maximum 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 constructed to prevent a temperature
setting above the maximum. This control shall be located
within3 ft (1m)of the fitting connecting the lastmodule to
the supply piping [see HG-613(a)].

(5) a low-water fuel cutoff (see HG-614).

HG-803ð23Þ INSTALLATION 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.

(b) The stop valves required by (a) may be eliminated
when the modular boiler can be drained without draining
the system. Means to allow draining the modular boiler
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, front

to back, or by stacking in accordance with the
Manufacturer’s recommendations shall have their name-
plate marking located to provide access for inspection in
the assembled position.

HG-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 [see HG-715(c)]

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

(1) a feedwater connection [see HG-705(a)]
(2) a return pipe connection (see HG-703.2)

(c) When the assembled modular steam heating boiler
is certifiedasasingleboiler inaccordancewithHG-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) oneormoredrainvalves,whichmaybe located 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) a provision 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

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

(3) a makeup water connection [see HG-705(b)]
(4) a provision for thermal expansion (see HG-709)
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PART HF
REQUIREMENTS FORBOILERS CONSTRUCTED

OF WROUGHT MATERIALS

ARTICLE 1
GENERAL

HF-100 SCOPE
The rules in Part HF are applicable to heating boilers

that are constructed primarily of wrought materials, and
shall be used in conjunction with general requirements of
Part HG of this Section.
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ARTICLE 2
MATERIAL REQUIREMENTS

HF-200 GENERALMATERIALREQUIREMENTS
Materials other than those described hereinmay not be

used, unless approved by the Boiler and Pressure Vessel
Committee in accordance with Section II, Part D,
Mandatory Appendix 5.

HF-201ð23Þ PLATE

(a) Plate used in the construction of pressure-
containing parts shall conform to one of the specifications
given in Section II for which allowable stress values are
given in Section II, Part D, Table 6A or Table 6B except as
otherwise provided in HF-203 and HF-205.
(b) Stainless plates of SA-240 for which allowable

stress values are given in Section II, Part D, Table 6A
may be used in the construction of hot water heating
boilers provided the following are met:

(1) The water temperature shall not exceed
210°F (99°C) as indicated in Section II, Part D, Table
6A, Note G9.

(2) The material shall be fully annealed.
(c) For pressure-retaining plate material, a material

test report is required to verify that the chemical and
mechanical properties are within the permissible range
listed in Section II.

HF-202 RODS, BARS, AND SHAPES
Rods, bars, and shapes may be used in boiler construc-

tion for pressure parts such as flange rings, stiffening
rings, braces, frames for reinforced openings, stays and
staybolts, and similar parts. Rods, bars, and shapes
used for pressure parts shall conform to one of the speci-
fications in Section II and shall be limited to those listed in
Section II, PartD, Table 6AorTable 6Bexcept as otherwise
provided in HF-203 and HF-205.

HF-203ð23Þ PREFABRICATED OR PREFORMED
PRESSURE PARTS

Prefabricated or preformed pressure parts for boilers
that are subject to allowable working stresses due to
internal or external pressure in the boilers and that
are furnished by other than the shop of the manufacturer
responsible for the completed boilers shall conform to all
applicable requirements of the Code as related to a

completed boiler, including inspection in the shop of
the parts manufacturer and the furnishing of
Manufacturer’s Partial Data Reports except as permitted
in HF-203.1, HF-203.2, and HF-203.3.

HF-203.1 ð23ÞCast, 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 that arepart of a boiler circu-
lating systemthat arewholly formedbycasting, forging, or
die forming shall not require inspection, mill test reports
orManufacturer’s PartialDataReports. Standardpressure
parts that comply with some ASME standard18 shall be
made of materials listed in the ASME Code-accepted stan-
dard covering the particular type of pressure part.
S tandard pressure par t s tha t comply wi th a
Manufacturer’s standard19 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. Suchmarkings 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 beenmarked 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 it is difficult or impossible to obtain identifiedmate-
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 notmore than50%
of the stress value permitted by the Code provided they
are suitable for the purpose intended and are accepted by
the Inspector [see (a)]. Themanufacturerof the completed
vessel shall satisfy himself that the part is suitable for the
design conditions specified for the completed vessel.
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HF-203.2 Cast, Forged, Rolled, or Die-Formed
Nonstandard Pressure Parts. Pressure parts such
as shells, heads, removable cover plates, and pipe coils
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 II 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-203.3ð23Þ Welded Standard Pressure Parts for
Use Other Than the Shell of a Boiler.20

(a) Pressure parts such as pipe fittings, nozzles,
welding necks, welding caps, valves, and flanges that
are fabricated by one of thewelding 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 bemarkedwith the name or trade-

markof themanufacturerandwith suchothermarkings as
will serve to identify the materials of which the parts are
made. Such markings shall be considered as the manufac-
turer’s certification that the product complies with (a)(1).
A statement by the parts manufacturer that 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 orwelded construction shall

conform to one of the specifications given in Section II for
which allowable stress values are given in Section II, Part
D, Table 6A or Table 6B except as otherwise provided in
HF-203andHF-205whenused in the constructionofpres-
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 II, except that the pressure test is not required
for nonferrous tubes. These tubes may be used under
the following conditions.
(a) The tubesafter finning shall havea temperor condi-

tion that conforms to one of those provided in the
governing specifications.

(b) Themaximum allowable stress value for the finned
tube shall be that given in Section II, Part D, Table 6A or
Table6B for the tubebefore finning, except aspermitted in
(c) below.
(c) The maximum allowable stress value for a temper

or condition that has a higher stress value than that of the
tube before finning may be used provided that qualifying
tensile tests demonstrate that such a temper or condition
is obtained. The stress values used shall not exceed those
shown in Section II, Part D, Table 6A or Table 6B for the
temper or condition involved. The qualifying tensile tests
shall bemade on specimens of finned tube fromwhich the
fins have been removed by machining.
(d) Themaximumallowable internal or external design

pressure of the tube shall be based on either theminimum
wall thickness of the finned section or of the unfinned
section, whichever is smaller.
(e) In addition to the tests required by the governing

specifications (except for pressure tests for nonferrous
tubes), each tube after finning shall withstand without
evidence of leakage an internal pneumatic test of not
less than 250 psi (1 720 kPa) for 5 sec. The test
method used shall permit easy visual detection of any
leakage, such as immersion of the tube under water or
a pressure differential method.21 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 fillermetal by automatic laser
beam welding.
(d) The fin shall not be considered to provide any

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
following and has been qualified in accordance with
(f). The WPS shall be requalified for any change as
described in the following variables:

(1) a change in the type of welding equipment (e.g.,
YAG, CO2, etc.)

(2) a change 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) achange in theoptical techniqueused to focus the
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) a change ofmore than 10% in the beam-pulsing
frequency and pulse duration

(11) adecrease ofmore than10% in thepowerdeliv-
ered to the work surface as measured by calorimetric or
other suitable means
(f) Procedure qualification shall consist of metallo-

graphic examination at a magnification of 10× of three
cross-sections taken at locations separated by not less
than 3 ft (1 m) along the length of a tube. The welds
shall be free of cracks, and 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 sampling consisting of one cross-

section shall be examined as described in (f) for procedure
qualification anytime there is a change in the nominal
diameter or thickness of the tube or a change in the
nominal thickness 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
andMarking. Eachpiece shall be showntohavechemical
requirements and mechanical properties within the
permissible range of the permitted specification in
Section II by an authentic test record andbymarking iden-
tifying it with that record. When the permitted specifica-

tion requires other tests or more restrictive tests than
those of the specification covered by the authentic test
record, the material shall be subjected 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
specificationwith the followingmodifications. The carbon
and manganese contents shall be determined in all check
analyses. The Inspector shall decide whether these
contents are acceptable when the permitted specification
does not specify carbon and manganese limits. 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-
mensshallmeet thepermittedspecificationrequirements.
(b) Tubes and Pipe. Each length of tube or pipe shall be

subjected to a chemical check analysis and sufficient
mechanical tests to satisfy the Inspector that all the mate-
rial is identifiedwith a givenheat orheat treatment lot and
that thematerial complies with the chemical andmechan-
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 themate-
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
being a “Report on Tests of Nonidentified Material,” shall
be furnished, properly filled out and certified by the boiler
manufacturer or testing agency, and this report, when
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acceptedby the Inspector, shall constitute authority to use
the material.

HF-206 RECERTIFICATION OF MATERIAL
PRODUCEDTOASPECIFICATIONNOT
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) A test report 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, andmaterial condition. Susceptibility
to attack is enhanced when thematerial is used in a sensi-
tized condition or with residual cold work. Concentration
of corrosive agents (e.g., chlorides, caustic or reduced
sulfur species) can occur under deposits formed on the
surface of these materials and can result in severe

under deposit wasting or cracking. Refer to Section II,
Part D, Nonmandatory Appendix A, A-300 for detailed
guidance 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. Forwelded 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 sites for
crevice corrosion. Cold working, grinding, bending, and
high-heat input welding should be minimized. In the
design of the boiler, stagnant fluid regions should be
avoided, as should crevices. Weld joints should be
designed to avoid integral back-up 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-
tionmarkings as required by the applicablematerial spec-
ification. If the original identificationmarkings 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 anymethod suitable

to the Inspector, provided themethoduseddoesnot 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 II, Part D, Tables 6A and 6B give the maximum
allowable stress values indicated for ferrous and nonfer-
rous materials, respectively, conforming to the specifica-
tions listed therein.

HF-301 MINIMUM THICKNESSES22

HF-301.1ð23Þ 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 3∕32 in. (2.5 mm).
(b) Plates thatwill be exposed toprimary furnace gases

shall be not less than 3∕16 in. (5 mm).
(c) Alloy steel plates listed in Section II, PartD, Table6A

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 that will be
exposed to primary furnace gases shall be not less
than 3∕32 in. (2.5 mm).

(2) Thematerial thickness of secondary flue gas heat
exchanger surfaces shall be not less than 0.0394 in.
(1 mm).
(d) The minimum thickness of any tubesheet with

tubes installed by expanding shall be 1∕4 in. (6 mm).

HF-301.2ð23Þ Nonferrous Plates.

(a) The minimum thickness of any nonferrous plate
under pressure shall be 3∕32 in. (2.5 mm).
(b) The minimum thickness of any nonferrous tube-

sheet with tubes installed by expanding shall be 5∕16
in. (8 mm).

HF-302 BASIS FOR ESTABLISHING STRESS
VALUES INSECTIONII, PARTD,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) 1∕5 of the specified minimum tensile strength at
room temperature

(2) 1∕5 of the tensile strength at temperature
(3) 2∕3 of the specified minimum yield strength at

room temperature
(4) 2∕3 of the yield strength at temperature

(c) Forboltingmaterials, thebasis for setting stresses is
the same as for all other materials with the exception that
(1) and (2) above are

(1) 1∕4 of the specified minimum tensile strength at
room temperature, and

(2) 1∕4 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 theweldingproceduresheuses in the construction

of the weldments built under Section 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 acceptable. 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 inwelded construction of pressure parts

shall conform to one of the specifications given in Section
II and shall be limited to those for which allowable stress
values are given in Section II, 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 inwelded construction
or be shaped by oxygen cutting or other thermal cutting
processes.
(b) Stud material for arc stud welding and resistance

studwelding 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 joinedby 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

provisions of HF-203.1 shall be of good weldable quality.
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ARTICLE 6
WELDING PROCESSES AND QUALIFICATIONS

HW-600 WELDING PROCESSES
Thewelding processes thatmay 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

shieldedmetal arc, submerged arc, gasmetal 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) definitionsare given in Section IX that includevaria-

tions of these processes

HW-610 WELDING QUALIFICATIONS
Unless specified otherwise for a particular process, the

procedures, the welders, and the welding operators used
inweldingpressureparts and in joiningnonpressureparts
(attachments) topressureparts shall bequalified in accor-
dancewithSection IX.Whentheweldingprocessattaching
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 welders, and the welding operators
havebeenqualified, except that performance qualification

by radiography, in conformance with Section IX, QW-304
for welders or QW-305 for welding operators, may be
performedwithin the first 3 ft (1m) of the first production
weld.

HW-612 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.

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
qualifiedwelding procedure by qualifiedwelders 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 in the center
of the joint and the weld shall be so built up that the
weld metal shall present a gradual increase in thickness
fromthe surface of theplate to the centerof theweld. At no
point shall the plate on one side of the joint be offset with
the plate on the other side of joint in excess of the align-
ment tolerance in HW-812 except as provided in
HW-715(a)(2).
(a) A tapered transition sectionhaving a length not less

than three times the offset between the adjoining surfaces
as shown in Figure HW-701.1, shall be provided at joints
between materials that differ in thickness by more than
one-fourth of the thickness of the thinner material or by
more than 1∕8 in. (3.0 mm). The transition section may be
formed by any process that will provide a uniform taper.
The weld may be partly or entirely in the tapered section
or adjacent to it as indicated inFigureHW-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 adjoining thicknesses shall be in align-
ment within the fabricating tolerances specified in
HW-812.

(b) Where fusion welded steel plate boilers are made
up of two or more courses, the welded longitudinal joints
of adjacent courses shall be not less than 6 in. (150 mm)
apart.

HW-701.2 Lap Joints.

(a) Boilers designed for notmore than 30psi (200 kPa)
and having inside diameters not exceeding 24 in.
(600 mm) may have longitudinal or circumferential
joints uniting plates of a shell made with lap joints,
provided the joint isnot indirect contactwith theproducts
of combustion.
(b) For boilers over 30psi (200kPa) or 24 in. (600mm)

I.D., lap joints may be used only where stayed plates are
joined, where a cylindrical shell and a stayed wrapper are
joined, or as permitted in HW-711.
(c) Except as 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 thicknessof the thinnerplate.Thesurfaceoverlapshall
be not less than 4 times the thickness of the thinner plate.

HW-701.3 Corner or Tee Joints.

(a) Boilers designed for notmore than30psi (200kPa)
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 S ingle F i l le t Jo ints 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

3∕8 in. (10 mm)
(c) the tubes are inserted, coaxially with a forced fit for

aminimumdistanceof1.5 times theminimumthicknessof
the parts being joined, into the end of the header and are
attached by fillet welds
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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 completed 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 thatusemetal backing strips 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.
(c) E= 60% for single-welded butt jointswithout 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).

HW-702.1 Joint Efficiencies for External
Pressure Design. Joint efficiency E factors are not
required to be used when the boiler part is designed
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 apply if
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 Stays. Except as provided in
HW-710.4, the stays are to be inserted into holes through
theplateandextendedat least through the full thicknessof
the plate.

HW-710.2 Projection of Stays Exposed to
Primary Furnace Gases. The ends of stays inserted
through plates shal l not project more than 3 ∕8
in. (10 mm) beyond surfaces of the plate exposed to
primary furnace gases.

HW-710.3 Welding of Stays. Stays for pressures 30
psi (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 staymay 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 5∕16 times the required diameter of
the stay and in no case less than 1∕4 in. (6 mm). For a stay
withother than circular cross section, theminimumsize 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)]:

Figure HW-701.1
Butt Welding of Plates of Unequal Thickness
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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)

Backing strip 
   may be used

Not permissible

Backing strip
 may be used

Not less than 1.25ts
 but need not be greater than th

min. tm

min. tm

min. 2ts

(a)

th

ts or tf

(d)

(f) [Note (1)] (g)

(b)

th

th

(e-1) Unstayed Flat Head

th

ts

th

a1

a2

min. tm

(c)

th

Backing strip
 may be used

Smaller of 1/4 in.,
   0.25th or 0.25ts

(e-2) Flat Head Supported by
Tubes or Stays

th

ts or tf ts or tf

ts or tf ts or tf ts or tf

Legend:
tf = nominal furnace thickness
th = nominal head thickness
tm = lesser of ts, th, or tf as applicable
ts = nominal shell thickness

GENERAL NOTES:
(a) Illustrations (a), (b), and (c) are permissible for boilers for pressures up to 30 psi (200 kPa).
(b) Illustrations (d), (e-1), (e-2) or (f) are required for boilers designed for pressures over 30 psi (200 kPa).
(c) Illustration (g) is not permissible.

NOTE: (1) a1 + a2 = 2tm, where a1 is not less than 0.5a2 nor greater than 2a2.
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Figure HW-710.4(a)
Some Acceptable Types of Diagonal Stays for

Installation by Welding

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
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(a) Filletwelds shall benot less than 3∕8 in. (10mm) size
andshall continue the full lengthof eachsideof theportion
of the stay in contact with the shell. The product of the
aggregate length of these fillet welds times their throat
shall be not less than 1.25 times the required cross-
sectional area of the stay. A fillet weld across the end
of the stay is optional but shall not be credited in calcu-
lating the required area of fillet welds.
(b) The longitudinal 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 byWelding

HW-711.1 Flanged Heads or Tubesheets. Boilers
maybe constructedbyattaching anoutwardlyor inwardly
flanged head or tubesheet to the shell by fillet welding
provided
(a) the head or tubesheet is supported by tubes, or

braces, or both
(b) the joint attaching an outwardly flanged head or

tubesheet is wholly within the shell and forms no part
thereof
(c) inwardly flanged heads or tubesheets are full fillet

welded inside and outside
(d) the throats of the full fillet welds are not less than

0.7 times the thickness of the head or tubesheet
(e) on inwardly flanged heads or tubesheets, the

minimum length of the straight flange shall conform
with the requirements of HW-701.2
(f) the shell at the weld is not in contact with primary

furnace gases
(g) these constructions shall not be used on the rear

head of a horizontal-return tubular 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 tubesheets to the shell by welding, provided
(a) the head or tubesheet is supported by tubes or

braces, or 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
(d), (e-1), or (e-2) or a double full fillet weld as shown in
Figure HW-701.3, sketch (f)

(d) the shell or wrapper sheet, where exposed to
primary furnace gases and not water cooled, shall not
extend beyond the outside face of the head or tubesheet
for a distance greater than the thickness of the head or
tubesheet
(e) this construction shall not be used on the rear head

of a horizontal-return tubular boiler

HW-712 Furnace Attachments

HW-712.1 For Pressures Not More Than 30 psi
(200 kPa). A furnace or crown sheet in a boiler designed
to these rules forpressuresnotmore than30psi (200kPa)
maybe attached to aheador tubesheetwith a filletweld as
shown in Figure HW-701.3, sketch (a) or (b), provided
(a) the furnace, head, or tubesheet projections shall not

extend beyond the outside face of the abutting plate or
furnace for a distance greater than tm, unless protected
by refractory material; the furnace shall be trimmed to
remove any excess material before welding
(b) the throat of the full fillet weld is not less than 0.7

times the smaller of the following:
(1) the thickness of the furnace
(2) the thickness of the head or tubesheet

(c) the joint attaching a cylindrical furnace to a head or
tubesheet is wholly outside the cylindrical portion of the
furnace

HW-712.2 For Pressures in Excess of 30 psi
(200 kPa). A furnace or crown sheet in a hot water
boiler designed to these rules for pressures in excess
of30psi (200kPa) shall beattached toaheador tubesheet,
as shown inFigureHW-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 3∕8 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-
ness. For tubes that are not exempt from calculations as
stays by HG-346.3, the area of theweld in shearmeasured
parallel to the axis of the tube at the outside diameter of
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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;

themaximum projection for watertubes is 1∕2 in. (13mm).
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 does not
exceed 11∕4 times the nominal shell thickness. When
the nominal head thickness exceeds 11∕4 times the
nominal shell thickness, a skirt shall be provided
having a length not less than three times the nominal
head thickness or 11∕2 in. (38 mm), 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 in 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 be machined or otherwise reduced in thickness.
Thereshall beauniform force fitwith themating sectionat
the root of the weld.
(b) Ellipsoidal or torispherical heads, concave or

convex to the pressure, shall have a skirt length not
less 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
have a driving fit before welding.

(c) Formed heads of full hemispherical shape, concave
to pressure, need not have an integral skirt, but where a
skirt is provided for butt-welded attachment, the thick-
ness of the skirt shall be at least that required for a seam-
less cylindrical shell of the same diameter.
(d) Flanged ellipsoidal or torispherical heads convex to

pressuremay 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:
(1) nozzle connections made per Figure HW-731,

sketches (a), (b), (c), (g), (h), (o–1), (s–1), (u–1), (v–1),
and (w–1)

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

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

max. = ttube max. = greater of ttube or 3∕8 in. (10 mm)

Tubesheet not beveled or recessed min. = ttube [Note (2)] min. = ttube [Note (2)]
max. = greater of ttube or 1∕4 in. (6 mm) max. = greater of ttube or 3∕8 in. (10 mm)

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 at least 1.25 times the tube
thickness.
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(2) nozzle connections for openings that are exempt
from reinforcement requirements by HG-320.3(c) or
HG-320.3(d), and

(3) openings designed in accordance with the rules
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 factors: 871∕2% for combined end and side loading,
80% for shear strength, and the applicable joint efficiency
factors.

HW-730.3 Telltale Holes in Reinforcement
Plates and Saddles. Separate reinforcement plates
and saddles used to reinforce the material around open-
ings and that are attached to the outside of a boiler shall be
provided with at least one telltale hole [maximum size:
1∕4 in. (6 mm) pipe tap] that may be tapped for a prelim-
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

holes are plugged, the plugging material used shall not be
capable of sustaining pressure between the plate and the
boiler wall.

HW-730.4 Stud Welds. Arc stud welding and resis-
tance stud welding, as defined in E-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) Studs attachedby studwelding shall not be in direct

contact with products of combustion or flue gases.
(b) Where the pressure exerts a tensile load on the

studs, a full-face gasket must be used on flat heads,
cover plates and blind flanges attached by stud welding.
(c) The minimum size stud used shall be not less than

1∕4 in. (6 mm) nominal diameter, and the maximum size
shall not exceed 7∕8 in. (22 mm) nominal diameter.
(d) The type of stud shall be limited to round externally

threaded studs.
(e) Basemetal shall be of ferrousmaterial 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) Themaximum allowable stress for the stud shall be

7800 psi (54 MPa) based on the smallest cross-sectional
area (i.e., the root of the thread).

Figure HW-715.1
ð23ÞHeads Attached to Shells
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HW-731 Minimum Requirements for Attachment
Welds

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 symbolsused in this paragraphand in

Figure HW-731 are defined as follows:

t = nominal thickness of boiler shell or head
t1, t2 = not less than the smaller of 1∕4 in. (6 mm) or

0.7tmin and t1 + t2 not less than 11∕4tmin
tc = not less than the smaller of 1∕4 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 3∕4 in. (19 mm) or the thickness of
the thinner of the parts joined by a fillet, single-
bevel, or single-J weld

tn = nominal thickness of nozzle wall
tw = 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 3∕8 in. (10 mm) or when complete
joint penetration cannot be verified by visual inspection
[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 tn on the longitudinal axis of the opening. It is rec-
ommended that a recess at least 1∕16 in. (1.5 mm) deep be
providedat thebottomof thegroove inwhich to center the
nozzle. The dimension tw of the attachment weld shall be
not less than tn or less than 1∕4 in. (6mm) [for example, see
Figure HW-731, sketch (y)].

HW-731.3 Inserted Nozzles Without Added
Reinforcement Elements.

(a) Nozzles inserted into or through a hole cut in the
boiler 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

welds deposited from one side only when the shell thick-
ness is over 3∕8 in. (10 mm) or when complete joint pene-
tration cannot be verified by visual inspection. The two

partial penetrationweldsmaybeanydesiredcombination
of fillet, single-bevel, and single-J welds. The dimension tw
of each weld shall be not less than the smaller of 1∕4 in.
(6 mm) or 0.7tmin and their sum shall be not less than
11∕4tmin (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 1∕2tmin. The welds attaching the nozzle to the
boiler shell and to the reinforcement shall consist of one of
the following combinations:
(a) a single-bevel or single-J weld in the shell plate, and

a single-bevel or single-Jweld in each reinforcement plate.
Thedimension twofeachweld shall benot less than0.7tmin
[see Figure HW-731, sketch (n)].
(b) a full penetration grooveweld in the shell plate, and

a fillet, single-bevel, or single-J weld with a weld dimen-
sion tw not less than 0.7tmin in each reinforcement plate
[see Figure HW-731, sketch (m)].
(c) a full penetration groove weld in each reinforce-

ment plate, and a fillet, single-bevel, or single-J weld
with a weld dimension tw not less than 0.7tmin in the
shell plate [see Figure HW-731, sketch (l)].

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 penetrationweld or bymeans of
a fillet weld along the outer edge and a fillet, single-bevel,
or single-J weld along the inner edge. The throat dimen-
sion of the outer weld shall be not less than 1∕2tmin. The
dimension tw of the inner weld shall be not less than
0.7tmin [see Figure HW-731, sketch (k)].

HW-731.6 Fittings. The attachment of fittings shall
meet the following requirements.
(a) Except as provided for inHW-731.7, fittings shall be

attached by a full penetration groove weld or by two fillet
or partial penetrationwelds, one on each face of the boiler
wall. The minimumweld dimensions shall be as shown in
Figure HW-731, sketches (u) through (x).
(b) Flange-type fittings not exceedingNPS 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
3∕8 in. (10 mm).

(2) The minimum fillet leg shall be 3∕32 in. (2.5 mm).
(3) Theopening in theboilerwall shall notexceed the

outside diameter of the nominal pipe plus 3∕4 in. (19 mm).
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Figure HW-731
SomeAcceptableTypesofWelds forFittings,Nozzles,andOtherConnections toShells,Drums,andHeaders
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Figure HW-731
Some Acceptable Types of Welds for Fittings, Nozzles, and Other Connections to Shells, Drums, and

Headers (Cont’d)
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HW-731.7 Fittings and Nozzles Not Exceeding
NPS 3 (DN 75).

(a) Fittings, nozzles, or equivalent bolting pads may be
attached to vessels having a wall thickness not greater
than 3∕8 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
areexempt fromsize requirementsother 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 tw shall not be less than the thick-
ness of Schedule 160 pipe (ASME B36.10). The external
fillet weld throat shall be not less than tc.
(d) Fittings and nozzles not exceeding NPS 11∕2 (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 provided the following conditions are met:

(1) The boiler wall thickness shall not exceed
3∕8 in. (10 mm).

(2) The fillet weld shall be aminimumof 0.7t instead
of 11∕4tmin shown in Figure HW-731, sketches (t-1) and
(t-2), but in no case less than 3∕32 in. (2.5 mm) leg.

HW-731.8 Watertube Attachments. Watertubes
not exceeding 31∕2 in. (89 mm) O.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) a proof test in accordance with the requirements
of HG-500.

Figure HW-740
Three-Ply Joint Assemblies

Spot or seam
welds

Seam welds

Edge frame

Spot welds
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Spacers

Section A - A

Filler as 
required for 
tension-test
grip

As required

Section B - B
Three-Ply Assembly

B

BA

A

t1

t2

t3

t1

t2

t3

Edge seam
weld

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

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

(c) Spot-Welded Tension Specimen for
Three-Ply Joint

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

Three-Ply Assembly

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

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

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

Macro-section on
of seam weld

1 in. (25 mm)
to 11/4 in. (32 mm)
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(2) the computed value of the plain plate, if used in
resistance spot-welded construction. The plain plate, if
used, shall meet the requirements 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., c = 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 beconductedas specified inHG-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 proof
test vessel, 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-weldedspecimensshall be 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 ultimate strength and prepared
for macrographic examination to reveal nugget size,
spacing, penetration, soundness, and surface conditions.

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

(-d) 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.

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

(3) Machine Settings and Controls. The resistance
weldingmachine settings and process control parameters
used in the making of the proof test vessel and the work-

manship samples shall be recorded. Except for minor
variations and adjustments as may be permitted at the
discretion of the Authorized Inspector, the applicable
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 bekeptof all dataobtained
from tests of the proof test vessel, the workmanship
samples, theweldingmachine settings, thewelding proce-
dure, and process control parameters. Records shall be
kept of all preheat, postheat, and heat-treatment proce-
dures and of inspection procedures.

(6) If spot- and seam-welding machines other than
those used for the initial proof test 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 vessels shall substantiate the allowable
working pressure previously established for the specific
boiler design.

(7) Lap joints only, between two thicknessesofmetal
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 FigureHW-745, Sketch (a)]
(-1) The minimum thickness t1 or t2 shall be

0.045 in. (1.14 mm).
(-2) The maximum thickness t1 or t2 shall be

1∕4 in. (6 mm) nominal.
(-b) Three-Ply Joints [See Figure HW-740, Sketches

(a) and (b)]
(-1) The two outer layers t1 and t2 shall be equal

in thickness.
(-2) The inner layer t3 shall be at least as thick as

t1 or t2.
(-3) Theminimum thickness of t1, t2, and t3 shall

be 0.045 in. (1.14 mm).
(-4) Themaximum thickness of t1 and t2 shall be

0.126 in. (3.20 mm).
(-5) Themaximum thickness of t3 shall be 0.188

in. (4.8 mm).
(-6) The total thickness of the three layers

+ +t t t1 2 3 shall be 0.135 in. (3.43 mm) min., 0.378 in.
(10 mm) max.
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HW-745 Resistance Welding of Hydraulically
Formed Panels

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 formationofadimpledsurfaceon
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) a proof 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 until the
proof test is stopped. In using the formulas for calculating
themaximum allowable working pressure, a value of 0.80
shall be used for E, the weld joint efficiency 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 construction. The plain plate, if
used, shall meet the requirements 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., c = 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) an increase in the spot or row pitch exceeding

1∕16 in. (1.5 mm)
(-b) a change 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
a pressure at least 5% greater than themaximum forming
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 showat least six spotwelds [see

Figure HW-745, sketches (d-1) and (d-2)]. The weld cross
sections shall be subjected tomacroetchexaminationsand
shall show no cracks. The maximum pillow heights
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) In lieu of the Procedure Qualification requirements

of Section IX, the following requirements shall be met for
resistance spot-welded and resistance seam-welded
panels.

(1) Proof Test. A pressure proof test to destruction as
set forth in (c)(1) above shall be conducted on a finished
boiler or representative panel. This testmay 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 at least 5
pitches in each direction, but not less than24 in. (600mm)
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 bemade immediatelybeforeand
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 thewelding 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-weldedspecimens 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
during a 24 hr period using the same welding process,
material, and material thickness, either a tension test
or a peel test as shown in Figure HW-745, sketch (f),
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Figure HW-745
ð23Þ Two-Ply Joint Assemblies
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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.

(3) Machine Settings and Controls. The resistance
weldingmachine 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 bekeptof all dataobtained
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) If spot and seamweldingmachines other than those

used for the initial proof test panel, duplicate test panel,
and workmanship samples are to be used in production,

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

be resistance spot or seam welded shall be as follows for
two-ply joints [see Figure HW-745, sketch (a)]:

(1) the minimum thickness t1 or t2 shall be
0.045 in. (1.14 mm)

(2) the maximum thickness t1 or t2 shall be
1∕4 in. (6 mm) nominal
(i) If arc welding, gas welding, or brazing are used for

the attachment of nozzles, tubes, and fittings, for repair or
for the closing of peripheral 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 spot welds so that the bending in the sheet is outside
the heat-affected zone, the weldingmay be done before or
after forming. 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 theweldinggroovewith 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 their stopping and starting ends shall be prop-
erly prepared by grinding or other suitable means so that
theymaybe satisfactorily incorporated into the finalweld.
Tack welds, whether removed or left in place, shall be
made using a fillet weld or butt weld procedure qualified
inaccordancewithSection IX. Tackwelds tobe left inplace
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.
It is not necessary that a 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

shall maintain the controls to assure that the necessary
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 frictionwelding processes, one of the twoparts
must be held in a fixed position and the other part rotated.
The two faces tobe joinedmustbeessentially symmetrical
with respect to the axis of rotation. Someof the basic types
of applicable joints are solid round to solid round, tube to
tube, solid round to tube, solid round to plate, and tube to
plate.

HW-812 ALIGNMENT TOLERANCE

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

Direction of Joints
in Cylindrical Vessels

Plate Thickness,
in. (mm) Longitudinal Circumferential

Up to 1∕2 (13), incl. 1∕4t 1∕4t
Over 1∕2 to 3∕4
(13 to 19), incl.

1∕8 in. (3.0mm) 1∕4t

Over 3∕4 (19) 1∕8 in. (3.0mm) 3∕16 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 themaximum
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.
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(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 1∕4 in. (6 mm).

HW-820 SPECIFIC WELDING REQUIREMENTS

HW-820 . 1ð23Þ F in i shed Long i t ud ina l 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

1∕32 in. (0.8 mm) or 10% of the nominal thickness of
the adjoining surface, whichever is less.23

HW-820.2 Fillet Welds. In making fillet welds, the
weldmetal shall be deposited in such away 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, 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.

HW-820.4 StudWelding. In the casewhere arc stud
welding and resistance studwelding is used to attach load
carrying studs, a production 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

on units 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
Qualification Tests and Material Requirements
for Stud Welding. Procedure and performance qualifi-
cation tests for stud welds shall be made in accordance

withSection IX. Further requirements for studweldingare
as follows.
(a) Metallic coatings (such as cadmium plating) if used

shall not bewithin 1∕2 in. (13mm) from theweld 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 essentially no
load-carrying function [such as extended heat transfer
surfaces and insulation attachment pins, except as
provided in HW-840(b)], to pressure parts by an auto-
matic welding process performed in 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 requirements, shall be specified by the
Manufacturer or Assembler 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

not used continuously
(c) after adjustment or servicing is done on welding

equipment

HW-820.7 The welded joint between two members
joinedby the inertia and continuous drive frictionwelding
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 ð23ÞWelding (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-
dancewith theSection, providedall 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-
dancewith the requirementsof Section IXand this Section.
(c) Allwelders shall bequalifiedby theManufacturer in

accordance with the requirements of Section IX and this
Section.
(d) The Manufacturer’s quality control system shall

include as a minimum the following:
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(1) a requirement for complete and exclusive admin-
istrative and technical supervision of all welders by the
Manufacturer

(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) whenproduction 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
Whenanyproduction runweld fails topass the required

tests, the welding parameters shall be adjusted until two
consecutiveweldspass thebend test. In addition, allwelds
thatweremade subsequent to the previous successful test
shall beeither cutout andreweldedorcutoutand 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.

HW-840 POSTHYDROTEST WELDING OF
NONPRESSUREPARTSTOPRESSURE
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 material 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 the nonpressure attachmentmaterial is
other than P-No. 1, aminimum 200°F (93°C) preheat shall
be appliedwhen the pressure part thickness exceeds 3∕4 in.
(19 mm).

(3) The attachment 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
1∕4 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 testwithout 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
3∕16 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
Themanufacturer 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) It is 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) The Inspectorhas therightat any time tocall 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) It is 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. Themanufacturer
shallmake available to the Inspector a certified copy of the
record of performance qualification tests of each welder
andweldingoperator as evidence that these requirements
have been met.
(b) The Inspectorhas therightat any time tocall 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.
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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 thosematerials forwhich
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
Suitable fluxes or atmospheres or combinations of

fluxes and atmospheres shall be used to prevent oxidation
of the 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 bymethod of heating and
are torchbrazing, furnacebrazing, inductionbrazing, 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 procedure specifications shall
be followed in construction. Each manufacturer shall
conduct the required tests to qualify all brazing proce-
dures to be used by his organization.

(b) The nominal thickness of base material used with
lap joints tested using the test fixture shown in Section IX,
QB-463.7 shall not exceed 1∕2 in. (13 mm). There is no
thickness limitation when specimens are tested
without the test fixture shown in Section 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 furnace, induction, 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
Qualifications. No production work shal l 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 theManufacturer 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 assignedan identifyingnumber, 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) It is the responsibility of the designer to determine
from suitable tests or from past experience that the spe-
cific brazing fillermetal selected canproduce a jointwhich
will have adequate strength over the operating tempera-
ture range.Thestrengthof thebrazed joint shallnotbe less
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) The joint efficiency factor to be used in the design of

boilers shall be 0.50 for joints inwhich visual examination
will not provide proof that the brazing filler metal has
penetrated the entire joint.

HB-1302 MINIMUM THICKNESS
Theminimumthickness ofnonferrous andother 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 fillermetal, the flux and/or atmosphere, andother
variables of the procedure for service not exceeding
250°F (120°C).

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 across the joint and produce visible
evidence that it has penetrated the joint.
(a) Manual Application. 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 the joint will then show if the required penetration
of the joint by the fillermetal has been obtained. If the side
opposite to the filler metal application cannot be visually
examined, as is the casewith 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 clearanceused is increased, the clear-
ances for the assembly of joints in boilers shall be within
the tolerances set upby the joint design andasused for the
corresponding qualification specimens made in accor-
dance with Section IX.
(b) If greater tolerances are to be used in production,

the joint must be requalified for those greater tolerances.
The control of tolerances required may be obtained by
using rivets, spot welding, crimping, or other means
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which will not interfere with the quality of the braze. If
suchmeans are employed in production, theymust 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

(a) Openings fornozzles andother connections shall be
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 the
shell or heads and securing them by welding, provided
thewelding is performed bywelders who have been qual-
ified under the provisions of Section IX for the welding
position and type of joint used. Such attachments shall
conform to the rules for welded connections.

HB-1307 BRAZED CONNECTIONS

(a) Connections, such as saddle type fittings and
fittings inserted intoopenings formedbyoutward flanging
of the vessel wall, in sizes not exceeding NPS 3 (DN 80),
maybeattached toboilersby lap joints of brazedconstruc-
tion. Sufficient brazing 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
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.

Table HB-1305
Recommended Joint Clearances at Brazing

Temperature
Brazing Filler

Metal Clearance, in. (mm)
B Al Si Group 0.006–0.010 (0.15–0.25) for laps < 1∕4 in. (6.35)

0.010–0.025 (0.25–0.64) for laps >1∕4 in. (6.35)
B CuP Group 0.001–0.005 (0.02–0.12)
B Ag Group 0.002–0.005 (0.05–0.12)
B Cu Zn Group 0.002–0.005 (0.05–0.12)
B Cu Group 0.000–0.002 (0.00–0.05)
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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 foreignmatter of any kind.
Any chemical ormechanical cleaningmethodmay be used
that will provide a surface suitable for brazing.

HB-1401 POSTBRAZING OPERATIONS
Brazed joints shall be thoroughly cleanedof flux residue

by any suitable means after brazing and prior to inspec-
tion.24 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, after thorough cleaning,
andbyemploying the samebrazingprocedureused for the
original braze. If a different 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 fillermetal to
meet the conditions set forth in HB-1301(a). Where these
requirements 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 theprocedure for each type
of jointbeingproducedandshall determine that theproce-
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) Themanufacturer 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 available to 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 andwitness tests
of the ability of a brazer or brazing operator.

HB-1503 Visual Examination

(a) Where possible, both sides of each brazed joint
shall be visually examined after flux residue removal.
Where it is not possible to inspect one side of a brazed
joint (blind joint), the Inspector shall check the design
to determine that the proper joint factor has been
employed, unless he can assure himself that the
brazing filler metal has been preplaced in such a
manner that it satisfied HB-1304.
(b) There shall be evidence that the brazing fillermetal

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 cause for rejection. Dye penetrant inspectionmay
be used if desired. The brazemay be repaired or rebrazed.
(d) Thepresenceof a crack in thebasemetal adjacent to

abraze shall be cause for rejection even if the crack is filled
with brazing alloy. Such cracking shall not be repaired.
(e) Visiblepinholes or opendefects in thebraze 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 FORBOILERS 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 GENERALMATERIALREQUIREMENTS

(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 fromcastings, shall conformto the followingas tochem-
ical composition.
(a) The manganese shall be controlled as required to

meet × +Mn (1.7 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 TENSILESTRENGTHCLASSIFICATION
Castings shall be known and listed by classes according

to the minimum requirements 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

(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

Figure HC-204.1. Tension test specimens “cast to 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 TEST BAR SIZE
The dimensions of the test bars as shown in

Figure HC-205.1 shall be determined by the thickness
of the controlling section of the casting as follows (the
body or shell of the casting shall be the controlling
section):

Thickness of Controlling Section
of Casting, in. (mm) Test Bar

0.5 (13) and under A
0.51 to 1.00 (13.0 to 25) B
Over 1.00 (25) C

HC-206 MOLDING AND POURING TEST BARS
Test bars shall bemade 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 ormore 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
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).25
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HC-208 TENSION TEST
The tension test shall be considered the primary test for

qualification under this Article. The results of the tension
or transverse tests shall determine compliance for the
various classes 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.26 After reaching a stress equivalent to 15,000 psi
(100 MPa), the speed of the moving head of the testing
machine shal l not exceed 0.125 in ./min (3.18
mm/min). Theminimumtensile strength shall be as speci-
fied in HC-203 (see HC-210).

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) If the actual tensile strengthof the tension specimen

is notmore than 10%under theminimum tensile strength
listed in HC-203, two more tension specimens may be
tested. The arithmetical average tensile strength, psi
(MPa), of the three tension specimens shall equal or
exceed the minimum tensile strength specified in
HC-203 for the casting(s) to be accepted.

Figure HC-204.1
Dimensions of Tensile Test Specimen

B BEE A

D

G

R

F C

L

Legend:
A = length of reduced section
B = length of end section
C = diameter of end section
D = diameter
E = length of shoulder
F = diameter of shoulder
G = length of parallel
L = overall length
R = radius of fillet

Test
Bar

Dimensions, in. (mm)

Min. A B
Approx.

C D Min. E F Min. G Min. L Min. R
A 11∕4 (32) [Note (1)] 3∕4 (19) 0.500 ± 0.010

(13 ± 0.25)
1∕4 (6) 5∕8 ± 1∕64

(16 ± 0.4)
0.50 (13) 33∕4 (95) 1 (25)

B 11∕2 (38) [Note (1)] 11∕8 (29) 0.750 ± 0.015
(19 ± 0.38)

1∕4 (6) 15∕16 ± 1∕64
(24 ± 0.4)

0.75 (19) 4 (100) 1 (25)

C 21∕4 (57) [Note (1)] 17∕8 (48) 1.25 ± 0.025
(32 ± 0.63)

5∕16 (8) 17∕16 ± 1∕64
(37 ± 0.4)

1.25 (32) 63∕8 (160) 2 (51)

NOTE: (1) Optional to fit holders on testing machine. If threaded, root diameter shall not be less than dimension F.
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HC-211ð23Þ 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):

Class
No.

Minimum Breaking Load, lb (kg)
Test Bar A
0.875 in.

(22 mm) Diam.,
12 in. (300 mm)
Supports, lb (kg)

Test Bar B
1.20 in. (30 mm)
Diam., 18 in.
(450 mm)

Supports, lb (kg)

Test Bar C
2.00 in. (50mm)
Diam., 24 in.
(600 mm)

Supports, lb (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 (1100) 8,300 (3700)
40 1,400 (600) 2,600 (1200) 9,100 (4100)

HC-212 TRANSVERSE TEST PROCEDURE

(a) The transverse test shall bemade on the bar as cast,
or as skin machined (provided in the latter case that the
diameter is not reduced below theminimumsizes given in
Table HC-212) with central loading between supports.
Corrections 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 be obtained as follows: Square the depth of the
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

size bar. A bar whose diameters (maximum and
minimum) vary by more than 0.025 in. (0.60 mm) for
the 0.875 in. (22 mm) diameter nominal size, or by
more than 0.050 in. (1.25 mm) for the 1.2 in. (30 mm)
and 2.0 in. (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) If the breaking load of the transverse test bar is not

more than10%under theminimumbreaking load 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 l is ted 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,
psi (MPa), of the tension specimens equal or exceed the
minimum tensile strength specified in HC-203, the cast-
ings are accepted.

Figure HC-205.1
Cast Test Bars

b

a

Test Bar Diameter a, in. (mm)
Dimensions Length, b, in. (mm)

[Note (1)]
Distance Between Supports in
Transverse Test, in. (mm)

Permissible Variations,
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) ±0.10 (±2.5)

GENERALNOTE: Test bars shall beplain, cylindrical shapes as shown.Wherebars are cast onend, allowance fordraftmaybemade.However, the
diameter at the center of the length must correspond to the normal diameter, within the permissible variations.

NOTE: (1) If only tensile strength are specified, dimensions b may be reduced to the minimum length shown in Figure HC-204.1.
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HC-214 WORKMANSHIP, FINISH, ANDREPAIR

(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 requirements may be specially
agreed upon between the Manufacturer and Purchaser.
(b) Seepage about chaplets, andminor 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
no less than four full standard pipe threads in the
section metal (see Table HC-214.)
(c) Welding shall not be permitted.

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 bemade 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
TheManufacturer shall record and retain all test results

requiredby thisArticle for a periodof at least 1 yr. The test
results shall be readily identifiable with the casting repre-
sented by the test results.

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
Bars, in. (mm)

Correction Factor Diameter of Test
Bars, in. (mm)

Correction Factor Diameter of Test
Bars, in. (mm)

Correction Factor
Load Deflection Load Deflection 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 (50.29) 0.970 1.010
0.870 (21.10) 0.983 1.006 1.19 (30.23) 0.975 1.009 1.99 (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 0.968 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 1.30 (33.02) 1.271 0.923 2.10 (53.34) 1.158 0.952

GENERAL NOTE: To correct to the standard diameter, divide the breaking load and deflection obtained in testing the bar by the respective
correction factors.
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Table HC-214
Pipe Plug Size for Minimum Wall Thickness

Pipe
Plug,

NPS (DN)
Minimum Wall Thickness for Four-Thread

Engagement, in. (mm)
1∕8 (–) 0.15 (3.8)
1∕4 (–) 0.22 (5.6)
3∕8 (10) 0.22 (5.6)
1∕2 (15) 0.285 (7.2)
3∕4 (20) 0.285 (7.2)
1 (25) 0.35 (8.9)
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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 11∕2 times that permitted in tension and the
maximum allowable stress value in compression shall
be two times that permitted in tension.
(c) Stress values in TableHC-300 shall be used in calcu-

lations employing the available formulas in Part HGwhen
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 values for pres-
sure parts, the Committee is guided by successful experi-
ence 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.
At any temperature below the creep range, the allow-

able stresses are established at no higher than the lowest
of the following:
(a) 1∕5 of the specified minimum tensile strength at

room temperature
(b) 1∕5 of the tensile strength at temperature

HC-310 HEADS

HC-310.1 Heads With Pressure on Concave Side.
Headswithpressureon theconcave side (plusheads) shall
be designed in accordance with formulas in HG-305 using
themaximumallowable stress value in tension fromTable
HC-300. Bolted flanges when cast integral with concave
heads shall have dimensions that conform to ASMEB16.1,
Cast Iron Pipe Flanges and Flanged Fittings, Class 125 and
Class 250, andmay 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
(minusheads) 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 cast ironspherically shapedcoverswithbolting

flanges, similar to FigureHC-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:

A = outside diameter of flange
B = inside diameter of flange
C = bolt circle diameter
L = inside spherical or crown radius

Table HC-300
Maximum Allowable Stress Values in Tension for

Cast Iron, ksi (MPa)

Spec. No.
[Note (1)] Class

Minimum
Tensile
Strength,
ksi (MPa)

Maximum Allowable
Design Stress Values in
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)

GENERALNOTE: Multiply ksi by 1,000 to obtain psi (multiplyMPa by
1 000 to obtain kPa).

NOTE: (1) Cas t i ron spec i f i ca t ions sha l l comply wi th
Part HC, Article 2.
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Mo = the total moment determined as in Section VIII,
Division 1, Mandatory Appendix 2, 2-6, except
that for heads of the type shown in Figure
HC-311, sketch (c), a moment Hrhr (which may
add or subtract) shall be included in addition
to the moment HDhD where
HD = axial component of the membrane load in

the spherical segment acting at the inside
of the flange ring

x = 0.785B2P
hD = radial distance from the bolt circle to the

inside of the flange ring
Hr = radial component of themembrane 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

x = HD cot β1
hr = lever arm of force Hr about centroid of

flange ring
P = design pressure for existing vessels
r = inside knuckle radius
S = maximum allowable stress value as given in

Table HC-300
T = flange thickness

t = minimum required thickness of head plate after
forming

β1 = angle formed by the tangent to the center line of
the dished cover thickness at its point of intersec-
tion with the flange ring, and a line perpendicular
to the axis of the dished cover

x = arcsin [B/(2L + t)]

NOTE: Since Hrhr in some cases will subtract from the total
moment, the moment in the flange ring when the internal pres-
sure is zeromaybe thedetermining loading for the flangedesign.

HC-311.1 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 HC-311, shall be designed in accordance
with the following formulas:
(a) Heads of the Type Shown in Figure HC-311,

Sketch (a)
(1) Head thickness

=t PL
S

5
6

Figure HC-311
Spherically Shaped Covers With Bolting Flanges

ASME BPVC.IV-2023

110



(2) Flange thickness T:
For ring gasket,

= +Ä
Ç
ÅÅÅÅÅÅÅÅ
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For full-faced gasket,
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NOTE: The radial components of themembrane 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

=t PL
S

5
6

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

(-a) For heads with round bolting holes,

= + +T Q M C B
SB C B

1.875 ( )
(7 5 )

o (1)
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(2)

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

= + +T Q M C B
SB C B

1.875 ( )
(3 )

o (3)
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(4)

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

= + +T Q Q
BQ C B

L
2 3 ( ) (5)

Thevalue ofQ in eq. (5) is calculatedby (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).

(c) Headsof theTypeShown inFigureHC-311, Sketch (c)
(1) Head thickness

=t PL
S

5
6

(2) Flange thickness

= + +T F F J2

where

=F PB L B
S A B

4
8 ( )

2 2
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HC-315 OPENINGS AND REINFORCEMENTS

(a) The dimensional requirements in HG-320 through
HG-328 are applicable to cast iron and shall be used in the
design of openings and reinforcements in boilers and
boiler parts.
(b) Cast iron flanges, nozzles, and opening reinforce-

ments that enter into the design calculations of the
completed boiler or boiler part, shall be cast integrally
with the boiler or boiler part.

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
contourand inwall thicknessat junctures shall beavoided.
(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 11∕2 (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 ft3 (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
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 electrochemically compatible
metallic push nipples or grommet seals, or external

connections such as cast iron headers or threaded pipe
headers. The completed boiler shall satisfactorily pass
the hydrostatic test prescribed in HC-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 cannotbe computedwitha satisfactory
assurance of accuracy, shall be established in accordance
with therequirementof thisparagraphusing 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 paragraphsmay 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 design rules.

HC-401.2 Frequency of Tests. The tests performed
in HC-401.1 shall be repeated within every 5-yr period.
This testing periodmay be extendedwhen 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 period. All requirements of HC-403
shall be met.

HC-402 Bursting Test Procedure

(a) The design pressure of any component part tested
by thismethod shall be established by a hydrostatic test to
failure by rupture of a full-size sample of such pressure
part. Asanalternative, thehydrostatic testmaybestopped
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 PB obtained shall be used in determining
the value of PR in the following formula:27

NOTE: See HC-402.2 for "average tensile strength of associated
test bar," which appears in the following equation.

= ×
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Ç
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Specified minimum tensile strength
Average tensile strength of associated test barR

B

where

PB = test pressure per (a), psi (kPa)
PR = design pressure, psi (kPa)

NOTE: Due to the geometry of parts of cast iron boilers, failure
under hydrostatic tests is principally in bending. When an
analysis of the test indicates failure occurred in bending, PR
may be multiplied by 1.5.

HC-402.1 Test Gages.

(a) An indicating gage shall be connecteddirectly to the
vessel. If the indicating gage is not readily visible to the
operator controlling the pressure applied, an additional
indicating gage shall be providedwhere itwill be visible to
the operator throughout the duration of the test. For large
vessels, it is recommended that a recordinggagebeused 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 11∕2 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-
dancewith the requirements of the tension test procedure
inArticle 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 fromwhich is
cast the boiler or boiler section tobe subjected tobursting.
The arithmetical average tensile strength, psi, of the three
bars shall be determined and shall equal or 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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designpressure. In no case shall the actual tensile strength
of any of the three test bars, used to determine this arith-
metical average tensile strength, bemore than 10%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-403ð23Þ Witnessing, Recording, and Certifying
Tests

Tests to establish the design pressure of a boiler or
boi ler parts shal l be witnessed by a Cert i f ied
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 on a
test to destruction of a sample boiler or boiler part in
accordance with HC-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
HC-410.

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 hydrostatic 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 boilers marked for maximum allowable
working pressures over 30 psi (200 kPa) shall have
each individual section or boiler part subjected to a hydro-
static test of 21∕2 times the maximum allowable working
pressure at the shop where made. The assembled boiler
shall be subjected to a hydrostatic test pressure not less
than 11∕2 times themaximumallowableworking pressure.

HC-410.3 Required Test Pressure. In making
hydrostatic pressure tests, the pressure shall be under
suchcontrol that innocaseshall the required testpressure
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 Qual i ty Control System. Any
Manufacturer28 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 theManufacturerandshopassem-
bler), shall be met.
Providing that Code requirements are suitably identi-

fied, the systemmay 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 assembler

uses to meet the requirements of this Section must be
one suitable for his own circumstances. The necessary
scope and detail of the system shall depend upon the
complexity of the work performed and upon the size
and complexity of the organization. A written description
of the system theManufacturer or shop assemblerwill 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 information 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
should be covered in the written description of the
quality control system.

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 the 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
showing the relationship betweenmanagement 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
Resul ts , and Spec i f i cat ion Contro l . 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 Exam ina t i on P rog ram . Th e
Manufacturer’s or shop assembler’s quality control
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
nonconformity is any condition that does not comply
w i t h t h e a p p l i c a b l e r u l e s o f t h i s S e c t i o n .
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
theiruse shall beavailable for review.Thewrittendescrip-
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 Re t en t i on o f Reco rd s and
Certifications.

HC-502.10.1ð23Þ 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 than
writtensignaturemaybeused for indicating certifications,
authorizations, and approval where allowed and as
described elsewhere in this Section. Where other
methods are employed, controls and safeguards shall
be provided and described to ensure the integrity of
the certification, authorization, and approval.

HC-502.11 ASME Designee.

HC-502.11.1 Thewrittendescriptionof thequality
control system shall include reference to the ASME
Designee.

HC-502.11.2 TheManufacturer or shop assembler
shall make available to the ASME Designee a controlled
copy of the written description of the quality control
system.

HC-502.11.3 The Manufacturer’s or shop
assembler’s quality control system shall provide for
the ASMEDesignee 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
his review in accordance with this Section. The
Manufacturer or shop assembler may provide such

access either to his own files of such documents or by
providing copies to the ASME Designee.

HC-502.12 Cert i f ied Ind iv idual (C I ) . 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 commensurate 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 current 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 ð23ÞDuties of a Certified Individual
(CI). 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

sectionsmarkedwith the CertificationMarkwith 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
Manufacturer or shop assembler, and there shall be a
means of identifying acceptable boiler sections or parts.
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HC-520 CERTIFICATES OF CONFORMANCE
Cast iron boiler sections marked with the Certification

MarkwithHdesignator shall be recordedonCertificatesof
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 cert i f ied by a Cert i f ied
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) Castingswith the samecast datemaybe 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

and the Certified Individual may be by signature or
some other method of control in accordance with the
Manufacturer’s Quality Control System.
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 CertificationMark with H designator,
part number, quantity applied, boiler model number, and
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 nameplatesmaybe recorded on the sameHC-3

form.
(d) The Manufacturer or shop assembler’s written

quality control program shall include requirements for
completion of the Certificates of Conformance and reten-
tion by the Manufacturer or shop assembler for a
minimum of 5 yr.
(e) The representative of the Manufacturer or shop

assembler and the Certified Individual above shall not
be the same person.
(f) Requirements for completing Certificate of

Conformance Forms are shown inMandatory Appendix 4.
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PART HA
REQUIREMENTS FORBOILERS 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 GENERALMATERIALREQUIREMENTS

(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, ANDREPAIR

(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 requirements may be specially
agreed upon between the Manufacturer and shop assem-
bler when the shop assembler is separate from the
Manufacturer.
(b) Seepage about chaplets, andminor leakage defects,

may be repaired by plugging, impregnation, or welding as
directed in the following:

(1) Provided thesurroundingmetal is sound, aminor
leakmaybepluggedwitha solidaluminum,brass, or stain-
less steel tapered thread pipe plug. The maximum size of
the pipe plug shall 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
leaks in aluminum alloy castings under the following
conditions:

(-a) Limitations of the extent and frequency of
imp r e g n a t i o n s h a l l b e a s a p p r o v e d i n t h e
Manufacturer’s written quality control system.

(-b) Impregnated castings shall be marked in a
way that is approved in the Manufacturer’s written
quality control system. The method of marking shall be

documented in the shop assembler’s QC manual when
the shop assembler is separate from the Manufacturer.

(-c) Control of the impregnation process shall be
addressed in the Manufacturer’s QC manual.

(-d) The impregnation material shall meet the re-
quirements of C lass 1 mater ia l as def ined in
MIL-I-17563C.29

(-e) Impregnation shall be accomplished in accor-
dance with MIL-STD-276.29

(-f) Welding shall not be performed on castings
after impregnation.

(-g) The Manufacturer shall hydrostatically test
each casting per HA-406 after impregnation.

(3) Castings may be repaired by welding only as
approved in the Manufacturer’s and shop assemblers
written 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.
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HA-203 TEST RECORDS
TheManufacturer shall record and retain all test results

requiredby this Article for a periodof at least 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 II, 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 cast integrally with the boiler or
boiler part.
(c) Core holes in aluminum alloy castings may be

plugged with electrochemically compatible push-in
sealing caps under the following conditions:

(1) The sealing caps shall only be used to plug holes
required for themanufacturing process, such as core sand
removal. They shall not be used for repair.

(2) The dimensions of the plug andmating 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
each casting per HA-406.
(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:

(1) Thewelded plugs may only be used to plug holes
required for themanufacturing process, such as core sand
removal. They shall not be used for repair.

(2) Proof testing to establish design pressure is
required and shall comply with HA-402.

(3) The shop assembler shall hydrostatically test
each casting per HA-406.

HA-303 CORNERS AND FILLETS

(a) A liberal radius shall be provided at projecting
edges and reentrant corners, and the juncture of non–
load-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
contourand inwall thicknessat junctures shall beavoided.
(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 11∕2 (DN 40) for boilers having a
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 volumes from 2.0 ft3 (57 L) through
5.0 ft3 (142 L). Washout plugs shall not be smaller than
NPS 3∕4 (DN 20) for boilers having gross internal volumes
less than 2.0 ft3 (57 L).Washout openingsmay 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
Cast aluminumboilersmaybe assembled using internal

connections, such as electrochemically compatible
metallic push nipples, grommet seals, or external connec-
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 paragraphsmay 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 design rules.

HA-401.2 Frequency of Tests. The tests performed
in HA-401.1 shall be repeated within every 5-year period.
This testing periodmay be extendedwhen 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-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 thismethod shall be established by a hydrostatic test to
failure by rupture of a full-size sample of such pressure
part.Asanalternative, thehydrostatic testmaybestopped
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 PB obtained shall be used in determining
the value of PR in the following formula:

= × ×P
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where

PB = test pressure per (a), psi (kPa)
PR = design pressure, psi (kPa)
S = specified minimum tensile strength, psi (kPa)
S1 = maximum allowable stress at room temperature,

psi (kPa)
S2 = maximum allowable strength at design tempera-

ture, psi (kPa)
Sa = average actual tensile strength of test specimens,

psi (kPa)
Sm = maximum tensile strength of range of specimens,

psi (kPa)

HA-403 Test Gages

(a) An indicating gage shall be connecteddirectly 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 11∕2 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.
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HA-404ð23Þ Witnessing, Recording, and Certifying
Tests

Test to establish the designpressure 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 shal l cert i fy 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 marked for maximum
allowable 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.
(b) Hot water heating boilers marked for maximum

allowable working pressures over 30 psi (200 kPa)
shall have each individual section or boiler part subjected
to a hydrostatic test of 21∕2 times the maximum allowable
working pressure at the shop where made.
(c) The assembled boiler shall be subjected to a hydro-

static test pressure not less than 11∕2 times the maximum
allowable working pressure.

(1) Cast aluminummonoblock boilers, boilers with a
single section design that do not require additional
machining or assembly, do not require a second hydro-
static test at 11∕2 times the maximum allowable
working pressure.

(-a) Any additional machining, shot blasting, or
grinding after the hydrostatic test will require testing
at 11∕2 times the maximum allowable working pressure.

HA-406.2 Required Test Pressure. In making
hydrostatic pressure tests, the pressure shall be under
suchcontrol that innocaseshall the required testpressure
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), cast aluminumboilersmaybepneumatically
tested, provided the following requirements are met:
(a) The use of pneumatic testing in lieu of hydrostatic

testing shall be documented in the quality control system.
(b) Maximum material thickness of any component

part shall not exceed 1∕2 in. (12.7 mm).
(c) When the boiler is under pneumatic pressure

testing, its calculated potential energy, E, shall be less
than 1,000 ft-lb (1 356 J).

= × × [ ]E C P V P P1 ( / )at a at
0.286

where

C = constant, 360 in.2/ft2 (2 500 Pa/kPa)
E = stored energy, ft-lb (J)
Pa = absolute atmospheric pressure, 14.7 psia (101

kPa)
Pat = absolute test pressure, psia (kPa)
V = total volume under test pressure, ft3 (m3)

NOTE: V includes the volume of the vessel and any
connectedvolumeto thepressuresupplypumporvalve.

(d) Nitrogen or clean, dry, oil-free air shall be used.
(e) Theboiler shall be visually inspected for evidenceof

damage before pressurization.
(f) The boiler should be tested in such a manner as to

ensurepersonnel safety froma release of the total internal
energy of the vessel.
(g) The required test pressure 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.
(j) 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 water, and the water shall
have a minimum temperature of 60°F (16°C).
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(3) Before the holding period, the immersed boiler
shall be rotatedaminimumof180degarounda lateral 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 inspection for leakage is made with the boiler
submerged in water.

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

(6) Any evidence of air leaking from the vessel will
indicate failure of the pneumatic pressure test.
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ARTICLE 5
QUALITY CONTROL AND INSPECTION

HA-501 GENERAL

HA-501.1 Qual i ty Control System. Any
Manufacturer28 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 theManufacturerandshopassem-
bler) shall be met.
Providing that Code requirements are suitably identi-

fied, the systemmay 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 assembler

uses to meet the requirements of this Section must be
one suitable for his own circumstances. The necessary
scope and detail of the system shall depend upon 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 shall be available for
review. Depending upon the circumstances, the descrip-
tion 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 HA-502.11.3. It is
intended that information 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
should be covered in the written description of the
quality control system.

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 the 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 responsibility, the authority, and the
organizational freedom to identify quality control prob-
lems and to initiate, recommend, and provide solutions.

HA-502.3 Organization. An organization chart
showing the relationship betweenmanagement 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
Resul ts , and Spec i f i cat ion Contro l . 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 Exam ina t i on P rog ram . Th e
Manufacturer’s or shop assembler’s quality control
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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HA-502.7 Correction of Nonconformities. There
shall be a system for correction of nonconformities. A
nonconformity is any condition that does not comply
w i t h t h e a p p l i c a b l e r u l e s o f t h i s S e c t i o n .
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
theiruse shall beavailable for review.Thewrittendescrip-
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 Re t en t i on o f Reco rds and
Certifications.

HA-502.10.1ð23Þ 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 than
writtensignaturemaybeused for indicating certifications,
authorizations, and approval where allowed and as
described elsewhere in this Section. Where other
methods are employed, controls and safeguards shall
be provided and described to ensure the integrity of
the certification, authorization, and approval.

HA-502.11 ASME Designee.

HA-502.11.1 Thewrittendescriptionof thequality
control system shall include reference to the ASME
Designee.

HA-502.11.2 TheManufacturer or shopassembler
shall make available to the ASME Designee a controlled
copy of the written 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 ASMEDesignee to perform his review in
accordance with this Section. The Manufacturer or shop
assembler may provide such access either to his own files

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 (CI). 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 commensurate 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 current 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 ð23ÞDuties of a Certified Individual
(CI). 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 sectionsmarkedwith 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) reviewdocumentation to verify that cast aluminum

sectionsmarkedwith the CertificationMarkwith 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
shop assembler, and there shall be a means of identifying
acceptable boiler sections or parts.
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HA-504 CERTIFICATES OF CONFORMANCE
Cast aluminum boiler sections marked 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 cert i f ied by a Cert i f ied
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 aluminumsections 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

and the Certified Individual may be by signature or
some other method of control in accordance with the
Manufacturer’s Quality Control System.
Multiple cast aluminumboiler sectionsmaybe recorded

on the same HA-2 form.
(c) A Certificate of Conformance Form HA-3 listing the

nameplate, with the CertificationMark with H designator,
part number, quantity applied, boiler model number, and
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 nameplatesmaybe recordedon the sameHA-3

form.
(d) The Manufacturer’s or shop assembler’s written

quality control program shall include requirements for
completion of the Certificates of Conformance and reten-
tion by the Manufacturer or shop assembler for a
minimum of 5 yr.
(e) The representative of the Manufacturer or shop

assembler and the Certified Individual above shall not
be the same person.
(f) Requirements for completing Certificate of

Compliance 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 the 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
The scope of Part HLW is given, and the service restric-

tion and exemption are stated.

ARTICLE 2 — MATERIALS
Thematerial requirements for the linings permitted are

specified aswell as the lining thickness requirements. The
material requirements specified for the lining materials
were, in general, taken from existing standards by

abstracting those requirements that were considered
to be those essential for the 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 100 psi (700 kPa). The maximum water temperature
permitted is 210°F (99°C).
Themaximumallowableworking pressure of thewater

heater shall be established in accordance with the proof
test provision ofHLW-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 theManufacturer and the
forms shall be kept on file by theManufacturer as amatter
of record.
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ARTICLE 6 — INSPECTION AND MARKING
Inspection andmarking requirements forwater heaters

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

suitable primary safety controls, safety limit switches,
burners, or electric elements as appropriate and as
required by a national ly recognized standard.
Examples of these nationally recognized standards are
listed.

ARTICLE 8 — INSTALLATION
Some acceptable piping installations are shown.

Provisions for the installation of pressure relief valves
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) ThisPart containsmandatory requirements, specif-

ic prohibitions, andnonmandatoryguidance formaterials,
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 (1100 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,
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
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
ismaintained. Conversion factors betweenU.S. Customary
a n d S I u n i t s m a y b e f o u n d i n t h e
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-
tion 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
(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 aManufacturer’s Data Report and data for
Code required nameplatemarking shall be in units consis-
tent with the fabrication drawings for the component
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

HLW-200ð23Þ LINING

(a) Glass Linings. Glass lining shall be of an analysis
intended for use in hot water service and the
m in imum ave r age t h i c kne s s sha l l b e 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
1∕8 in.2/ft2 (8 cm2/m2) of internal surface excluding
edges and fittings. Thinning at corners may not extend
over 1∕4 in. (6 mm) from the edge.
(b) Galvanized Coatings. The galvanized coating shall

be based upon at least 1 oz of zinc/ft2 (3 gal/m2) of
surface based upon mathematical calculations corre-
s pond i n g t o a c o a t i n g t h i c kn e s s o f 0 . 0 017
in. (0.043 mm). The weight of the zinc coating shall be
determined by weighing the water heater before galva-
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 “Prime Western.” The
aluminum content of the bath during actual galvanizing
operations shall not exceed 0.01%. The galvanizer shall
not damage the material by overpickling or by the use
of excessively high temperature in pickling or galvanizing.
(c) Cement Linings. For cement-linedwater heaters, the

cement shall beapplied toprovideaminimumthicknessof
3∕16 in. (5 mm). The lining shall be properly cured, adhere
firmly to, and completely cover the interior of the vessel.
The joints at the top of the water heater shall be sealed to
prevent corrosion in back of the lining. The water absorp-
tion of the lining 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
not be 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-
ments to steel backing by welding or brazing shall be in
accordance with Section IX.

(e) Fluorocarbon Polymer Linings. Fluorocarbon
polymer linings shall be of an analysis intended for use
in potable hot water service, and the minimum thickness
shall be 0.003 in. (0.075mm). 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 fluorocarbon polymer-lined shall be
cleaned to remove all scale, oxidation, oil, etc., prior to
application of the lining. Interior surfaces may be
coated with electroless nickel prior to lining. Flue
tubes may be covered 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

analysis intended for use in potable hotwater service, and
theminimum thickness shall be 0.003 in. (0.075mm). 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) Theuseof amineorpolyamineepoxy 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
temperature of 210°F (99°C). The water absorption
rate of the material shall be less than 10% by the 2 hr
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boiling water immersion test specified in ASTM D570. No
reground material shall be used.
The minimum thickness of the lining 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
0.0003 in. (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
potablehotwater service.Theminimumapplied thickness
shall be 0.008 in. (0.2 mm). If a primer is used, the primer
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, etc., 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
of250°F (120°C) for a lengthof timesuitable 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
at ametal temperature of 400°F to425°F (205°C to 218°C)
for 60 min to 90 min. The manufacturer shall inspect the
lining to verify proper cure andminimum thickness and to

verify that it is free of discontinuities. Documentation of
the basis of the temperature and time used and records of
the inspection shall be available to the Inspector.

(3) The absorption rate of the cured lining shall be
less than 2% by the method specified in ASTM D570.

HLW-201 ð23ÞPRIMARY PRESSURE PARTS
MATERIAL

(a) 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. The materials used
for shells, heads, flues, headers, or tubes shall conform
to one of the specifications listed 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 required by (c) below. Material test reports
shall be furnished by the mill of origin, except that any
material that has lost its identification with a Section II
specification, 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.
Themethod used shall remain distinguishable, or be reap-
plied until the part(s) are affixed in their proper location
on thewater heater vessel, and until thematerial 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 ACCEPTANCEOF UNIDENTIFIED OR
SMALL QUANTITIES OF MATERIAL

If the identification of materials required by
HLW-201(a) is unavailable, each piece of plate material,
or each lengthofothermaterial, shall be showntomeet the
chemical requirements and mechanical properties of the
Section II specification designated for the part for which
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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
manufacturer of the completed vessel shall verify 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, andShapes.
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, eachpiece ofmaterial (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 a serial
S-number identifying the particular lot of material. A
suitable test report shall be furnished, properly filled
out, and certified by the manufacturer or testing
agency. This report when accepted by the Authorized
Inspector shall constitute authority to use the material.

HLW-203 MISCELLANEOUSPRESSUREPARTS
MATERIAL

(a) Parts such as flanges, welding caps, welding necks,
manhole frames, or manhole covers that are formed by
casting, forging, rolling, or die forming, shall not
require inspection, mill test reports, or Partial Data
Reports. Standard pressure parts that comply with
some ASME standard18 shall be constructed from mate-
rials listed in the accepted ASME standard to which the
parts aremade. Standard pressure parts that comply with
a Manufacturer’s standard19 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-
turer’s certification that the product complies with the
material specification and is suitable for service at the

rating indicated. A certificate of compliance or a material
test report is not required.
(b) Carbon steel or cast iron pressure parts of small

size, suchasnozzles, 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 whichmaterial test reports or certificates
cannot be readily obtained, may be constructed from
Section II materials other than those listed in Section
II, Part D, Tables 6B, 6C, and6D, provided they are suitable
for the application. These parts may be identified in 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 for the 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 following standards covering flanges and pipe

fittings are acceptable for use under Part HLW in accor-
dance with the requirements of HLW-203. Pressure–
temperature 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, ForgedSteel 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 themate-
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-
ceptable for use in pressure parts of a vessel.
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ARTICLE 3
DESIGN

HLW-300 DESIGN

(a) Water heaters are limited to a maximum allowable
workingpressureof 160psi (1100kPa) and themaximum
water temperature shall be 210°F (99°C). The maximum
allowable working pressure forwater 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 11∕2 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 themeanmetal temperature (through the thickness)
expected under operating conditions for the part consid-
ered. If necessary, the metal temperature shall be deter-
mined by computation using accepted heat transfer
procedures or by measurements from equipment 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 steel listed in Section II, Part D, Table 6D may
be built to Part HLW provided the maximum thickness
does not exceed 1∕2 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-
ence 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.
At any temperature below the creep range, the allow-

able stresses are established at no higher than the lowest
of the following:
(a) 1∕4 of the specified minimum tensile strength at

room temperature
(b) 1∕4 of the tensile strength at temperature
(c) 2∕3 of the specified minimum yield strength at room

temperature
(d) 2∕3 of 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 shallnotbe less than1∕8 in. (3mm)except cylindrical
shells shall be not less than 3∕32 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:

=t PR
SE P0.6

=
+

P SEt
R t0.6
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where

E = efficiency of longitudinal joint or ligament between
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 II,

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)

E = lowest efficiency of any joint in the head; use the
efficiency specified in HLW-402. For seamless
heads, use E = 1.

L = inside spherical or crown radius, in. (mm)
P = maximum allowable working pressure, psi (kPa)

[but not less than 100 psi (700 kPa)]
S = maximum allowable stress value from Section II,

Part D, Table 6A, 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-501 to 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:

=t PD
SE P2 0.2

=
+

P SEt
D t

2
0.2

HLW-305.3 Torispherical Heads.When the provi-
sions of HLW-501 to HLW-504 are not used, the required
thickness and the maximum allowable working pressure
of a torispherical head shall be calculated by the following
formulas:

=t PL
SE P

0.885
0.1

=
+

P SEt
L t0.885 0.1

HLW-305.4 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 not less
than 6% of the outside diameter 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 joint 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 orwelded tubes shall be in
accordance with HG-301.2.

HLW-308 OPENINGS

HLW-308.1 Single openings in water heaters do not
require reinforcement under the following conditions:
(a) welded connections attached in accordance with

the applicable rules and not larger than NPS 3 (DN 80)
in shells or heads 3∕8 in. (10 mm) or less; NPS 2
(DN 50) in shells or heads over 3∕8 in. (10 mm)
(b) threaded, studded, or expanded connections in

which the hole cut in the shell or head is not greater
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-
forced in accordance with HG-321 of this Section.

HLW-309ð23Þ TUBES ATTACHED BY EXPANDING

(a) The tube hole in the head or tubesheet shall be
formed either:

(1) to the full size diameter by amethod 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 3∕16 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 materials
that are suitable for use in potable hot water at 210°F
(99°C) and are marked for a maximum allowable
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-310.2ð23Þ Inspection Openings. Storage tanks
constructed to the rules of this Part shall be provided
with suitablemanhole, handhole, fitting, orotheropenings
for internal inspection and cleaning.Manholes shall not be
less than 12 in. × 16 in. (300 mm × 400 mm). Manholes in
which internal pressure forces the cover plate against a
flat gasket shall have a gasket bearingwidth of at least 11∕16
in. (17 mm).

(a) All vessels less than 18 in. (450mm) and over 12 in.
(300 mm) inside diameter shall have at least two inspec-
tion openings. Each inspection opening shall be either

(1) a handhole opening not less than 2 in. × 3
in. (50 mm × 75 mm)

(2) aplugged threadedopeningnot less thanNPS11∕2
(DN 40)
(b) All vesselswith an inside diameter of 18 in. to 36 in.

(450mm to 900mm), inclusive, shall have amanhole or at
least two inspection openings. Each inspection opening
shall be either

(1) a handhole not less than 2 in . × 3 in .
(50 mm × 75 mm)

(2) a plugged threaded opening not less than NPS 2
(DN 50)
(c) All vessels with an inside diameter greater than 36

in. (900 mm) shall have a manhole or at least two inspec-
tion openings. Each inspection opening shall be either

(1) a handhole not less than 4 in. × 6 in. (100 mm ×
150 mm)

(2) a flanged opening not less than 6 in. (150mm) in
diameter in a 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 purposesmay beused 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
openingsprovided theconnectionsareofanequal sizeand
afford an equal view of the interior.
(h) All inspection 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
qualifiedwelding 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
theseprocedures shall be addressed in themanufacturer’s
or contractor’s Quality Control Manual and shall be avail-
able for review by the Authorized Inspector. All members,
prior to beingwelded, shall beproperly fitted, aligned, and
retained in position in accordance with the Procedure
Specification for the welding procedure to be used.

HLW-401.1 Butt Joints. Longitudinal or circumfer-
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
plateon theother sideof the joint inexcessofone-fourthof
the thickness of the thickest plate. Theweldmay be partly
or entirely in the tapered section or adjacent to it as indi-
cated in Figure 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 joint forFigureHLW-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
fromeachother at anypoint 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
diameter, based on the differences between themaximum
and minimum mean diameters at any section, and, if nec-
essary to meet this requirement, shall be reheated,

Figure HLW-401.1
Butt Welding of Plates of Unequal Thickness
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rerolled, or reformed. To determine the differences 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.
(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 1∕4 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:
(a) E = 85% for full penetration butt joints as attained

by double welding or by other means, which will obtain
the samequality of depositedweldmetal on the inside and

Figure HLW-401.2
Typical Corner Joints

Legend:
th = nominal head thickness
ts = nominal shell thickness

Table HLW-401.3-1
Alignment Tolerance

Plate Thickness, t, in. (mm)

Direction of Joints
in Cylindrical Vessels

Longitudinal Circumferential
Up to 1∕2 (13), incl. 1∕4t 1∕4t
Over 1∕2 to 3∕4 (13 to 19), incl. 1∕8 in. (3.0 mm) 1∕4t
Over 3∕4 (19) 1∕8 in. (3.0 mm) 3∕16 in. (5.0 mm)
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outside weld surfaces, to provide complete joint penetra-
tion and assurance that the weld grooves are completely
filled (HLW-401.1). Welds that use metal backing strips
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 usedwhen 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-413ð23Þ Tubes Attached by Welding

(a) The edge of the plate at the tubesheet hole may be
beveled or recessed to a depth at least equal to the thick-
ness of the tubes. 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. The depth of
anybevel or recess shall notbe less than the tube thickness
or 1∕8 in. (3mm), whichever is greater, normore than one-
third of the tubesheet thickness.
(b) Where no bevel or recess is employed, tubes shall

extend beyond the tubesheet not less than 1.5 times the
tube thickness, normore than3 times the sumof the thick-
ness of the head plus the thickness of the tube [see
Figure HLW-413, sketch (d)].
(c) For tubes attached using laser beam welding, the

minimum tube extension may be smaller than what is
required in (b) provided the tube extends at least
through the tubesheet. In addition, thewelding procedure
and the performance qualification shall be performed in
accordance with Section IX, QW-193, and the required
depth of penetration of the tube-to-tubesheet weld
shall be at least 1.25 times the tube thickness.

(d) When openings are flanged for tubes as shown in
Figure HLW-413, sketch (a), (b), or (e), flanges shall
extend parallel to the tube for a minimum distance
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 pressure 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 shown in Figure HLW-415,
sketch (e), need not be provided with a skirt when the
nominal head thickness does not exceed 11∕4 times the
nominal shell thickness.When thenominal head thickness
exceeds 11∕4 times the nominal shell thickness, a skirt shall
be provided having a length not less than 3 times the
nominal head thickness or 11∕2 in. (38 mm), whichever
is smaller. 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 headsmay 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 onlywhen theweld 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
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
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Figure HLW-411
Typical Water Heater Welded Joints (Cont’d)
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Figure HLW-413
Tubes Attached by Welding

Legend:
th = nominal head thickness
tt = nominal tube thickness
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Figure HLW-415
Heads Attached to Shells

2th min. but
not less than 1/2 in. (13 mm)

21/2t max.
1t min.

11/2t min.
t or t1 = 5/8 in. (16 mm) max.

When th is equal to or
less than 1.25ts

When th exceeds 1.25ts

0.7ts min. 0.7ts min.

3th min. but not
less than 1 in. (25 mm)

3th min. but not
less than 1 in. (25 mm)

3th min.
but need
not exceed 1 in. (25 mm)

3th min. but
need not exceed 1 in. (25 mm)

1.3ts min.
1.3ts min.

1.3ts min.

2ts min.
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th

th
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2ts min.

ts min.

(a) Single Fillet Lap Weld (b) Single Fillet Lap Weld

As desired
Tangent line

Tangent line

See also
Fig. HLW-401.1

Skirt optional

(h)(g)(f)

Depth of offset = t1

Avoid sharp
break

Bevel
optional

(c) Single Fillet Lap Weld

(d) Butt Weld With One
Plate Edge Offset

(e) Butt Weld

Details (f), (g), and (h) are
not permissible.

th
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t1 t

th

ts

ts
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Tangent line

Taper optional

Tangent
line

Legend:
th = nominal head thickness
ts = nominal shell thickness
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minimum leg dimension. The inside periphery of a fillet
weld shall be used in computing its length.

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: 871∕2% 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. The location andminimumsize
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
t1, t2 = not less than 1∕3tmin or 1∕4 in. (6 mm) and t1 + t2

not less than 11∕4tmin
tc = the smaller of 1∕4 in. (6 mm) or 0.7tn (inside

corner welds may be further limited by a
lesser length of projection of the nozzle wall
beyond the inside face of the water heater wall)

te = thickness of reinforcement element
tmin = the smaller of 3∕4 in. (19 mm) or the thickness of

either of the parts joined by a fillet, single-bevel,
or single-J weld, in. (mm)

tn = nominal thickness of nozzle wall
tw = 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 andwithout additional reinforcement elements shall
be attached 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-
ness is over 3∕8 in. (10 mm) or when complete joint pene-
tration cannot be verified by visual inspection. The two
partial penetrationweldsmaybeanydesiredcombination

of fillet, single-bevel, and single-J welds. The dimension tw
of eachweld shall be not less than 1∕4 in. (6mm) or 0.7t and
their sum shall be not less than 11∕4tmin (see Figure
HLW-431.1).

HLW-431.3 Inserted Nozzles With Added
Reinforcement. Inserted-type nozzles having added re-
inforcement in the formof oneormoreseparate reinforce-
ment plates shall be attached by welds at the nozzle neck
periphery and at the outer edge of each reinforcement
plate. The weld at the outer edge of each reinforcement
plate shall be a fillet weld with a minimum throat dimen-
sion of 1∕2tmin.

H LW - 4 3 1 . 4 N o z z l e s W i t h I n t e g r a l
Reinforcement. Nozzles and 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-J weld along the
inneredge.The throatdimensionof theouterweld shall be
not less than 1∕2tmin. The dimension tw of the inner weld
shall be not less than 0.7tmin [see Figure HLW-431.1,
sketch (h)].

HLW-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 (l). 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 3∕8 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 53∕8 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
conditions are met:

(1) the water heater wall thickness shall not exceed
3∕8 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

GENERAL NOTE: t1 + t2 = 11∕4t min.; t1 or t2 not less than the smaller of 1∕4 in. or 0.7t 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 3∕32 in. (2.5 mm)
(3) the opening in the water heater wall shall not

exceed the outside diameter of the nominal pipe plus
3∕4 in. (19 mm)

HLW-431.6 Fittings Attached by Resistance
Welding. Resistance weldingmay 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 5∕16 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) Threewelded 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) Thesewelded specimens shall be subjected to
tensile loading. Eachspecimenshall pass the tensile testby
shearing the fitting or the base metal. Separation at the
weld interface shall constitute failure. Any failure 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 production.

(2) Machine Settings 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,
the applicable 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
welding equipment, and with every change in material
or nominal thickness.

(3) Records. Records shall bekeptof all dataobtained
from tests of the proof test vessel, the workmanship
samples, theweldingmachine settings, thewelding proce-
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. Arc stud
welding and resistance stud welding, as defined in
E-102, where the pressure exerts a tensile load on the
studs, may be used for the attachment of bolted unstayed
flat heads, cover plates and blind flanges, handholes and
manholes, with the following limitations:
(a) Studs attachedby studwelding shall not be indirect

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

1∕4 in. (6 mm) nominal diameter and the maximum size
shall not exceed 7∕8 in. (22 mm) nominal diameter.
(d) The type of stud shall be limited to round externally

threaded studs.
(e) Basemetal shall be of ferrousmaterial 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).
(g) The maximum spacing of studs shall not exceed 12

times the nominal diameter of the stud.
(h) Themaximumallowable 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 studweldingandresistance studwelding, 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 maximumNPS 3 (DN 80) and shall be
secured by a minimum of four studs.
(b) Dailyproductionweld tests shall beperHLW-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
may be of the flat or ring type, made of a material suitable
for service at aminimum 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.
(e) The maximum allowable working pressure 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

Thewelding processes thatmay be used under this Part
are restricted to the following:
(a) Arc or gas welding processes are restricted to

shieldedmetal arc, submergedarc, gasmetal arc, gas tung-
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 and in joining nonpressure parts (attach-
ments) to pressure parts shall be qualified in accordance
with Section IX.
Some linings require an elevated temperature for

proper application. These elevated temperatures are
not to be considered a form of heat treatment for
welding procedure qualification.

HLW-451ð23Þ Production Work Qualifications

(a) No production work shall be undertaken until the
procedures, the welders, 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

performedwithin the first 3 ft (1m) of the first production
weld.
(b) Welders, including brazers, and welding and

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 in accordance
with theManufacturer’s welding procedure specifications
that have been qualified by the Manufacturer in accor-
dancewith the requirementsof Section IXand this Section.

(3) Al l we lders sha l l be qua l i f i ed by the
Manufacturer in accordance with the requirements of
Section IX and this Section.

(4) The Manufacturer’s quality control system shall
include as a minimum:

(-a) a requirement for complete and exclusive
administrative and 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-
volvement of any other organization

(-c) 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 thewelding procedures andwelders and
welding operators employed by him showing the date and
results of test and the identificationmark assigned to each
welder. These records shall be certified to by the
Manufacturer or contractor by signature or some other
me t h od o f c o n t r o l i n a c c o r d an c e w i t h t h e
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

Heads
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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
ft (0.9 m), or the Manufacturer shall keep 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 inHLW-505, provided the following criteria aremet:
(a) Thematerial 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 steelwith 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 3∕4 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
1∕4 in. (6 mm).
(c) The completed weld is inspected by the Authorized

Inspector.
(d) The Manufacturer’s Data Report Form shall be

signed only after the completion of the welding.

HLW-460 Specific Welding Requirements

HLW-460.1 F in ished Longi tud inal 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 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 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.

(2) The reduction in thickness shall not exceed
1∕32 in. (0.8 mm) or 10% of the nominal thickness of
the adjoining surface, whichever is less.23

HLW-460.2 Fillet Welds. In making fillet welds, the
weldmetal shall be deposited in such away 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
HLW-460.1].

HLW-460.3 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, 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 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.

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
of the procedure andwelding operator shall be performed
on five studs, welded and tested in accordancewith either
the bend or torque stud weld testing described in Section
IX as follows:
(a) prior to start of daily operation if used continuously

on units 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
withSection IX. Further requirements for studweldingare
as follows:
(a) Metallic coatings (such as cadmium plating) if used

shall not bewithin 1∕2 in. (13mm) from theweld 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
compliancewithSection IXas farasapplicable), 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,
appropriate to the end use application requirements,
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
(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-460.8 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.
It is not necessary that a 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

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

HLW-460.9 Friction Welding.

(a) When joining two parts by the inertia and contin-
uous drive frictionwelding processes, one of the twoparts
must be held in a fixed position and the other part rotated.
The two faces tobe joinedmustbeessentially symmetrical
with respect to the axis of rotation. Someof the basic types
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 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.
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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 not basedupon 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 inexcessof thematerial thicknessesorof
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 the
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 shell may 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 are locatedentirelywithin a circle, the centerofwhich
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 11∕2
times the anticipated maximum allowable working
pressure.
(b) The outer surface of the vessel shall be suitably

cleaned. A brittle coating shall be applied. The technique
shall be suited to the coating material.

(c) The hydrostatic pressure shall be increased gradu-
ally until approximately one-half the anticipated
maximum allowable working pressure is reached.
Thereafter, the test pressure shall be increased in
steps of approximately 1∕10 or less of the anticipated
maximum allowable working pressure. 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 increase 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,

=P H
Y
Y

0.5 s

a

(2) to eliminate 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,witha specifiedminimumtensile strengthof
not over 70,000 psi (480 MPa),
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(-b) for any acceptable material listed in Section
IV,

=P H0.4

where

H = hydrostatic test pressure at which the test was
stopped, psi (kPa)

S = specified minimum tensile strength, psi (kPa)
Ya = actual average yield strength from test specimens,

psi (kPa), as outlined in (d)
Ys = specified minimum yield strength, psi (kPa)

When either of the formulas in (a) and (b) above is used,
thematerial 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. When an
analysis of the test indicates yielding occurred in bending, P
may be multiplied by 1.5.

HLW-502.2 Test Gages.

(a) An indicating gage shall be connecteddirectly to the
water heater vessel. Intermediate pipe and fittingsmay 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, an additional indicating gage
shall be provided where it will be visible to the operator
throughout the duration of the test. For largewater heater
vessels, it is recommended that a recordinggagebeused 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 11∕2 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 obtainedwith 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.

HLW-503 Testing of Parts

HLW-503.1 Parts of vessels subject to collapse that
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 ð23ÞWitnessing, Recording, and Certifying
Tests

Tests to establish the maximum allowable working
pressure of complete vessels or parts shall be witnessed
by themanufacturer’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 ð23ÞAll 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 11∕2 times the maximum allowable
working pressure. Water heater vessels lined with glass,
fluorocarbon polymer, amine epoxy, or polyamine epoxy
shall be subjected to aminimumhydrostatic 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 ð23ÞPartHLWdoesnot specify anupper 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
inspected for cracks after the test.
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HLW-505.3 While under the hydrostatic test pres-
sure an inspection for leakage shall be made of all
joints and connections. The visual inspection of joints
and connections that are hidden by assembly may be
waived during the hydrostatic test provided the following
conditions are met:

(a) A suitable pressure test, as agreed upon by the
Manufacturer and the Authorized Inspector, is applied
to the hidden joints.
(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.
Except for cast ironboilers, cast aluminumboilers, orpres-
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 outl ined in
Nonmandatory Appendix F. These responsibilities shall
include, but are not limited to, providing or making avail-
able for review the following:

(1) a valid 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 HLW-200 and HLW-300)

(4) evidence of qualification of welding and/or
brazing procedures (see HLW-432 and HLW-450)

(5) records of qualifications of each welder, welding
operator, or 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
of the acceptablematerials permitted by this Part and that
traceability to the material identification has been main-
tained [see HLW-201(c) and F-202.4]

(8) themanufacturer shall submit the vessel or 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-

tionsashebelievesareneeded toenablehimtocertify 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) It is the duty of the Inspector to assure himself that

the welding procedures employed in construction are
qualified under the provisions of Section IX. The manu-
facturer shall submit evidence to the Inspector that
those requirements have been met.
(c) It is 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. Themanufacturer
shallmake available to the Inspector a certified copy of the
record of performance qualification tests of each welder
andweldingoperator as evidence that these requirements
have been met.
The Inspector has the right at any time to call for and

witness the testweldingand testing although it is notman-
datory that he witness the test welding and the testing
unless he so desires.
(d) It 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) It is the duty of the Inspector towitness 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 ð23ÞMANUFACTURER’S DATA AND
PARTIAL DATA REPORTS

HLW-601.1 Manufacturer’s Data Report.
(a) Each manufacturer of a vessel to which the

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-
terrupted sequence of identical vessels completed,
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
de f ined in HLW-602 . The “YES” box nex t 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 completedManufacturer’sMaster
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 Reports for those parts
of a vessel requiring inspection under this Code,which are
furnished by other than the shop of the manufacturer
responsible for the completed vessel, shall be completed
by thepartsmanufacturer and shall be forwarded indupli-
cate to the manufacturer 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 completed 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) Manufacturerswithmultiple locations, eachwith its

own Certificate of Authorization, may transfer parts from
one of their locations to another without Manufacturer’s
Partial Data Reports, provided the Quality Control System
describes the method of identification, transfer, and
receipt of the parts.

HLW-601.3 Manufacturer ’s Data Report
Supplementary Sheet. A Manufacturer’s Data Report
Supplementary Sheet, Form H-6, shall be used to
record additional data where space was insufficient on
a Man u f a c t u r e r ’ s D a t a R e p o r t F o rm . T h i s
Manufacturer’s Data Report Supplementary Sheet shall
be attached to the Manufacturer’s Data Report Form
where used.

HLW-601.4 Multiple Page Data Reports.
Requirements for completing multiple pages of
Manufacturer’s Data Report Forms are shown in
Mandatory Appendix 4.

HLW-602 ð23ÞMARKINGOFWATERHEATERSAND
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 Part by a
manufacturer who is in possession of a CertificationMark
and a valid Certificate of Authorization per procedure of
HG-540. Each vessel shall bemarkedwith 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) themanufacturer’s name, preceded by thewords
“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 inputmarkings
storage tanks shall be marked “Storage Only.”

(5) manufacturer’s serial number (this may be a
serial numberor a combinationmodel 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 5∕16 in. (8 mm)
high.
(c) Nameplates at least 3∕64 in. (1.2 mm) thick bearing

themarking required in (a)may be used in lieu ofmarking
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 5∕16 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
stamping, etching, engraving, dotpeening, laser annealing,
or another process that leaves a permanent, legible mark.
No coating that obscures themarking shall be allowed. For
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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 beallowedonlyonstainless
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)

(2) character size shall be no smaller than 5∕32 in.
(4 mm), and

(3) the information, including the CertificationMark,
shall be marked as described in (d)
(f) If 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 place on
the jacket, duplicating the required CertificationMark and
data. This plate shall be at least 3 in. × 4 in. (75 mm ×
100 mm) in size marked with letters and numerals at
least 1∕8 in. (3 mm) high and of either metallic material
attached bymechanicalmeans or of anymaterial attached
by an adhesive system meeting the requirements of
Mandatory Appendix 3.

HLW-602.2 Marking a Proof-Tested Vessel. A
completed vessel or one 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) the MAWP 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) In lieu 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

on parts may be removed during the completion of the
vessel if all of the following conditions are satisfied:

Figure HLW-602.1
Official Symbol to Denote The American Society of

Mechanical Engineers’ Standard

Figure HLW-602.2
Form of Marking on Completed Water Heaters

Certified by

(Name of Manufacturer)

Manufacturer’s Serial No.

Max. Allowable W. P. [Note (1)]

Max. Allowable Input [Note (3)]

Year built

Max. Water Temp. [Note (2)]

GENERAL NOTE: Acceptable abbreviations of any of the marked
wording may be used.

NOTES:
(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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(1) The nameplate interferes with further fabrica-
tion or service.

(2) The Manufacturer of the completed vessel has
agreement from the Authorized Inspector to remove
the nameplate.

(3) The removal of the nameplate shall be noted in
the Remarks section of the Manufacturer’s Data Report.

(4) The removed nameplate shall be destroyed.
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ARTICLE 7
CONTROLS

HLW-700 CONTROLS

HLW-701 Temperature Control

HLW-701.1 Each individual automatically firedwater
heater shall have a high temperature limit control that is
separate fromtheoperatingcontrol used fornormalwater
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 current
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 ControlsandHeatGeneratingApparatus

(a) All water heaters should be equipped with suitable
primary (flame safeguard) safety controls, safety limit
switches, and burners, or electric elements as required
by a nationally recognized standard.30
(b) The symbol of the certifying organization14 that has

investigated such equipment as having complied with a
nationally recognized standard shall be affixed to the
equipment and shall be considered as evidence that
the controls and heat generating apparatus were manu-
factured 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-
sionsof theNationalElectrical Codeand/or should comply
with the applicable local electrical codes. Allwater heaters
supplied with factory mounted and wired controls, heat
generating apparatus, andother appurtenancesnecessary
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-703.30
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ARTICLE 8
INSTALLATION REQUIREMENTS

HLW-800 PRESSURE RELIEF VALVES

HLW-800.1ð23Þ Pressure Relief Valve Requirements
for Water Heaters.

(a) Each water heater shall have at least one tempera-
tureandpressurerelief valveorat leastonepressurerelief
valve. Pressure relief valves shall be of the spring-loaded
safety relief valve type.Thevalveorvalves shall bemarked
either with the Certification Mark and HV Designator in
accordancewithSectionXIII orwith theCertificationMark
and V Designator in accordance with Section I.
(b) The pressure setting shall be less than or equal to

themaximum 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 be
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 the first 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 water 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. In every case, the following requirements shall
be met. Pressure relief valve capacity for each water
heater shall be such that, with the fuel-burning equipment
installed and operated atmaximum capacity, the pressure
cannot rise more than 10% of MAWP.
(d) If operating conditions are changed or additional

heater heating surface is installed, the pressure relief
valve capacity shall be increased, if necessary, to meet
the new conditions and shall be in accordance with the
above provisions. In no case shall the increased input ca-
pacity exceed themaximum allowable input capacity. The

additional valves required to account for changed condi-
tions may be installed on the outlet piping provided 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 valves shall be connected to the top of water
heaters or directly to a tapped or flanged opening in
the water 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 installedwith 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 ð23ÞRequi rements 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-base isused, the inlet area shall benot less

than the combinedoutlet areas.When the size of thewater
heater requires a pressure relief valve larger than 41∕2
in. (114 mm) diameter, two or more valves having the
required combined capacity shall be used. When two
or more valves are used on a water heater, they may
be single, directly attached, or mounted on a Y-base.

ASME BPVC.IV-2023

161



HLW-801.4 Threaded Connections. A threaded
connection may be used for attaching a valve.

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 thewater heater, or on discharge
pipes between such valves and the atmosphere.

HLW-801.7ð23Þ 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, andshall beas shortandstraightaspossibleand
soarrangedas toavoidunduestress on thevalveor 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 fromthewaterheater to thepoint ofdischarge, there
shall be provisions for properly draining the piping and
valve body. The size and arrangement of discharge piping
shall be such that itwill not reduce the relieving capacityof
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 through an 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.

HLW-809 PROVISIONS FOR THERMAL
EXPANSION IN HOT WATER
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 to
the thermal expansion of the water, the pressure relief
valve may open periodically. If an expansion 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 acceptable installation (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 points and by providing swing joints when
water heaters are installed in batteries, so that there
will be no 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 ð23ÞBOTTOM 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 connectionor to the lowestpoint onpipingconnected
to the water heater at the bottom drain pipe connection.
The minimum size bottom drain valve shall be NPS 3∕4
(DN 20).
(b) Anydischargepiping connected to thebottomdrain

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 installeddirectlyon top
of the storage vessel.
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(3) The drain valve shall be installed at the lowest
practical point on the storage vessel.

(4) Theminimumsize of the bottomdrain valve shall
be NPS 3∕4 (DN 20).

(5) The drain on the storage vessel shall meet the
requirements of (b).

HLW-820 THERMOMETER
Each installedwaterheater shall havea thermometer so

located and connected that it shall be easily readable. The
thermometer shall be so located that it shall at all times
indicate the temperature of the water in the water heater
at or near the outlet.

Figure HLW-809.1
A Typical Acceptable Piping Installation for Storage Water Heaters in Battery

Drain valve

To open drain

Cold water supply

Water heater
 with vertical
 top safety
 relief opening

Pressure
 reducing valve
 if required
 (see HLW-805.2)

Expansion tank
 if required
 (see HLW-809)

Water Heater With Top
Relief Opening

Water Heater With Side
Relief Opening

Drain valve

Optional
 recirculation
 line [Note (1)]

Water heater
 with side
 safety relief
 opening     within
 4 in. (100 mm) of the
 top of the shell

Drain valve with
 suitable drain

Point of use

To open drain

CL

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

System Volume, gal (m3)
Tank Capacities, gal (m3)

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 conditions 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 awater temperature rise from 40°F to 180°F (4°C to 82°C), 60 psi (400 kPa) fill pressure, maximumoperating

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 tank sizes 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

Drain valve

Optional flow switch on
 flow through
 water heater

Optional
 recirculation
 line

GENERAL NOTE: Thermometer requirements are in HLW-820.
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ARTICLE 9
MODULAR WATER HEATER REQUIREMENTS ð23Þð23Þ

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(a).
Form HLW-6 shall be used.

(2) The common supply and return headers are
exempt from Section IV requirements.

(3) TheManufacturer’s Modular Master Data Report
shall summarize specific information for 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 certif ied as a complete
modular water heater as follows:

(1) Theassembledmodularwaterheater shall havea
single nameplate per the requirements of HLW-602 and a
Manufacturer’s Modular Master Data Report.

(2) Individual modules shall bear themanufacturers
name and be permanently identified using one of the
methods in HLW-602.3 in a manner traceable to the
assembled modular water heater nameplate and
Manufacturer’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)
shall be marked on the nameplate.

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

HLW-902 INSTRUMENTS, FITTINGS, AND
CONTROLS

(a) Each individualwaterheaterof amodularhotwater
heater shall be equipped with

(1) a thermometer (see HLW-820)
(2) an operating control used for normal water

heater operation (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 assembledmodular water heater is certi-

fied as a single water heater in accordance with
HLW-901(b), thewaterheater 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) a high-temperature limit control that shall cut off
the fuel supply at or below the maximumwater 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 themodular
water heater without emptying the system may include
locating the modular water heater above the system or
isolating the modular water heater from the system by
equipment.
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(c) Flow control valves and circulating pumps may be
located in the makeup water lines of the individual
modules.
(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 ormore pressure relief valves (seeHLW-800

and HLW-801)
(2) a bottom 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)]

(f) The assembled modular water heater shall also be
equipped with

(1) a makeup water connection (see HLW-805)
(2) provision for thermal expansion, if required (see

HLW-809)
(g) When the assembledmodular water heater is certi-

fied as a single water heater in accordance with
HLW-901(b), it shall be equipped with

(1) one ormore pressure relief valves, whichmay 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 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)]

(3) a makeup water connection (see HLW-805)
(4) provision for thermal expansion, 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.
Listedbeloware 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 Corners, GA
3 0092 ( 8 0 0 ) 5 2 7 - 4 7 3 4 , ( 4 0 4 ) 6 3 6 - 8 4 0 0
(http://www.ashrae.org)

Publisher: Canadian Standards Association (CSA), 5060
Spectrum Way, Mississauga, Ontario L4W 5N6,
C a n a d a ( 4 16 ) 7 47 - 4 000 ( 4 04 ) 6 36 - 8 400
(http://www.csa.ca)

Publisher: German Institute for Standardization (DIN),
DIN Deutsches Institut für Normung e. V., Am DIN-
Platz, Burggrafenstrasse 6, 10787 Berlin, Germany
+49 30 2601-0 (http://www.din.de)

Publisher: National Fire Protection Association (NFPA), 1
Batterymarch Park, Quincy, MA 02169 (617) 770-3000
(404) 636-8400 (http://www.nfpa.org)

Publisher: National Sanitation Foundation (NSF
International), 789 North Dixboro Road, Ann Arbor,
MI 48113 (800) 673-6275 (734) 769-8010
(http://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
ð23Þ Codes, Standards, and Specifications Referenced in Text

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 1∕2 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 Specification for Gray Iron Castings for Valves, Flanges, and Pipe Fittings
ASTM B6 Standard Specification for Zinc
ASTM B733 Standard Specification 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 für 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
ThisAppendixcovers thequalificationofprocedures 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) Thenameplate 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
bequalified in accordancewithANSI/UL969,Markingand
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 addition if the boiler or
water heater is designed andmarked for outdoor installa-
tion, indoor-outdoor qualification shall be obtainedwith a
cold box temperature of −40°F (−40°C).
(b) Each lot or package of nameplates 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 variables:

(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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MANDATORY APPENDIX 4
GUIDE TO MANUFACTURER’S DATA REPORT FORMSð23Þð23Þ

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 theManufacturer’s Data Report Formswith the chosen
units.Manufacturer’sDataReport 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. Manufacturer’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) WhenusingManufacturer’sDataReport Forms that

result in multiple pages, each 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 andHLW-7, each page shall show,
at the top of the page, as a minimum, the Manufacturer’s
name andManufacturer’s Data Report Form ID number as
shown on the first page.

(3) For FormsH-5 andH-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

Manufacturer’s Data Report Supplementary Sheet
(Form H-6) since that form is intended to be a single-
page form attached to a Manufacturer’s Data Report
Form (see HG-520.3 or HLW-601.3).
(e) 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 Cert i f icate of
Conformance Forms or to those shown in this Appendix.
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Table 4-1
ð23ÞGuide for the Preparation of Section IV Manufacturer’s Data Report Forms

Applies to Form Reference
to Circled

Numbers in
the Forms Instructions

(1) Name and address of manufacturer (i.e., maker of all components
not covered by Partial Data Reports).

(2)

(3)
Name and address of purchaser and/or owner.
Name and address of location where unit is to be installed. If not
known, so indicate (e.g., “not known — built for stock”).

(4)

(5)
Show type or model of unit documented by this Manufacturer’s Data Report.

Identification of unit by applicable numbers.If intended for installation in 
Canada, indicate the Canadian design registration number and 
drawing number.

(6)
(7)

Year in which fabrication was completed in shop.

Date (year) of Section IV edition to which boiler or part was designed.

(8) Issue date of most recent addenda to Section IV to which boiler or
part was designed (e.g., “December 1997”).

(9)

(10)

(11)

Code Case number, if applicable.

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 not identical to an ASME Specification may be shown
only if such material has been approved for Section IV construction

(12)

by an ASME interpretation case ruling and provided the applicable
case number is also shown.

(13)
Indicate type of joint(s).

(14)
Show joint efficiency for welded joints.

(15)
Show number of furnaces in boiler.

For cylindrical furnaces of the Adamson, ring-reinforced, and

(16)
combined types, show total length only.

(17)
For stayed (firebox) type furnace, complete line 12 also.

(18)
If threaded, show diameter at root of thread.

(19)
Minimum cross-sectional area after deducting for telltale hole.

Maximum allowable working pressure for the stayed area

(20)
calculated according to the rules contained in Part HG of Section IV.

(21)
Type of stay or brace (e.g., diagonal, gusset, girder, through, etc.).

Minimum cross-sectional area of the stay or brace multiplied by the

(22)
number of stays or braces supporting the area under consideration.

(23)
See applicable paragraphs and figures in Part HG of Section IV.

List parts not covered elsewhere on the Manufacturer’s Data Report.
If insufficient space, attach a supplementary sheet.

(24)
(25)

Tabulate data for parts listed on line 14.

(26)

(27)
Maximum allowable working pressure.

Show Section IV paragraph that applies to the weakest part of the
unit as established by calculation or deformation test.

(28) Boiler heating surface calculated in accordance with HG-403A of
Section IV.

Show quantity and inside dimensions. If more than two shells or 
drums are used, enter data in line 14.

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.

1

ASME BPVC.IV-2023

171



Table 4-1
Guide for the Preparation of Section IV Manufacturer’s Data Report Forms (Cont’d)

Applies to Form

(31) The manufacturer’s ASME Certificate of Authorization number
and date of expiration of said authorization.

(32) This line is to be completed and signed by an authorized
representative of the manufacturer.

(33) This certificate is to be completed by the Authorized Inspection
Agency representative who performs the in-shop inspection.

(34) Indicate the data items covered on the applicable form by line 
numbers.

(35) Indicate by line numbers those items furnished by others and for which
the applicable Manufacturer’s Partial Data Reports have been examined.

(36) The Inspector's National Board Authorized Inspector commission
number must be shown.

(37) The assembler’s ASME Certificate of Authorization number and
date of expiration of said authorization.

(38) This line to be completed, when applicable, and signed by an
authorized representative of the organization responsible for
field assembly of the boiler.

(39) This certificate to be completed by the Authorized Inspection
Agency representative who performs the field assembly inspection.

(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.

(41) Nominal thickness of plate.
(42) Minimum thickness after forming.
(43) Radius on concave side of dish.
(44) Shop hydrostatic test, if any, applied to individual part prior to

test applied to the assembled boiler (see lines 33 and 35).
(45) This line for headers not covered as items 7 through 10. It is

intended primarily for sectional headers on straight tub
watertube boilers.

Hydrostatic or pneumatic pressure applied in accordance with HG-510
or HG-511 and witnessed by the Authorized Inspector.

(30) To be completed when one or more components comprising the unit
are furnished by others and certified by the applicable Manufacturer’s

Reference
to Circled

Numbers in
the Forms Instructions

(29)

Partial Data Report(s).

(51) Size.
(52) Describe type as flanged, welding neck, etc.
(53) Show name of part (e.g., steam drum, waterwall header).
(54) Show data line number on applicable Manufacturer’s Partial Data

Report for the named part.

(55) Any additional information to clarify the Manufacturer’s Data Report
should be entered here.

(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.

(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.

Indicate shape as flat, dished, ellipsoidal, torispherical, or 
hemispherical.

(47) Use inside dimensions for size.
(48) Indicate shape as square, round, etc.
(49) Outside diameter.
(50) Minimum thickness of tubes.

(46)

1
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Table 4-1
Guide for the Preparation of Section IV Manufacturer’s Data Report Forms (Cont’d)

Applies to Form

(58) Indicate minimum specified tensile strength for the class of iron
as set forth in Table HC-300.

(59) Indicate sections of boiler that represent specimen test bars.
Show results of each specimen tested (tensile strength).

(60) Show maximum allowable working pressure as determined by 
Formula HC-402 and by values allowed by Formula HC-402.

(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.

(62) Designated responsible engineering head certifying the tests and
date.

(63) Show quantity and dimensions.
(64) Type of lining, if applicable.
(65) Maximum allowable working pressure established in accordance

with HLW-300 or HLW-500 of Section IV.
(66) Indicate maximum allowable input, . For tanks 

used for storage, indicate “storage only.”
(67) Maximum temperature in accordance with HLW-300 of Section IV.
(68) Hydrostatic pressure applied in accordance with HLW-505 of

Section IV and witnessed by the Authorized Inspector.
(69) Part of vessel yielding first should be indicated.
(70) Pressure at which yielding occurs as evidenced by flaking of the

brittle coating or by appearance of strain lines.
(71) Show yield strength for each of the three specimens and average

of the three.

(75) Indicate minimum specified tensile strength for the aluminum
alloy as set forth in Section II, Part D, Table 6B.

(76) Show maximum allowable working pressure as determined by
Formula HA-402.

(72) This ID number is a unique identifying number for this form,
which may be assigned by the Certificate Holder if desired.

(73) Maximum water temperature.
(74) Fill in information identical to that shown on the Manufacturer’s

Data Report Form to which this sheet is supplementary.

H-5A

Reference
to Circled

Numbers in
the Forms Instructions1

GENERAL NOTE: Any quantity to which units apply shall be entered on the Manufacturer’s Data Report With the chosen units.
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ð23Þ

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. Identification of individual marked and certified boilers or water heaters combined to form a modular unit

a)
(boiler or water heater) (manufacturer’s serial no.) (CRN) (National Bd. no.) (year built)

b)

c)

d)

e)

f)

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)

6. The design conforms to ASME Code, Section IV,
(year) [addenda (as applicable)(date)] (Code Case no.)

7. MAWP Maximum water temperature 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

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     HLW

(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.) (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.) (year built)

(boiler or water heater) (manufacturer’s serial no.) (CRN) (National Bd. no.) (year built)

1

2

3

4 5 6

4 5 6

4 5 6

4 5 6

4 5 6

4 5 6

4 5 6

7

26 60 65 76 67 73

8 9

29 68

29 68

(07/23)
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FORM H-1 (BACK)
Page _____ of _____

“H” or “HLW” Certificate of Authorization no. expires

Date Signed Name
(by representative) (manufacturer that constructed and certified boiler)

CERTIFICATE OF SHOP INSPECTION

Date Signed Commission
(Authorized Inspector) (National Board Authorized Inspector Commission Number)

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE

CERTIFICATE OF FIELD ASSEMBLY INSPECTION IF REQUIRED

CERTIFICATE OF 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. expires

Date Signed Name
(by representative) (assembler that certified and constructed field assembly)

,    .

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 Inspectors and 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 or implied, 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 of any kind arising from or connected 
with this inspection.

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 CODE.

Date Signed Commission
(Authorized Inspector) (National Board Authorized Inspector Commission Number)

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 
  , not included in the certificate of shop inspection, have been inspected by me and that to the best of my 
knowledge and belief the manufacturer 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 heater 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 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.

.

31

32

37

38

39

33

36

36

40

29 68

(07/23)
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ð23Þ

1

2

3

4 5 6

30 55

1010 11 41

12 13 12

11

11

20 21 22

14 15 16

17 11 18 19

23

11

11

11

24 11

25

11

7 98

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

1.  Manufactured and certified by
(name and address of manufacturer)

2.  Manufactured for
(name and address of purchaser)

(name and address)
3.  Location of installation

4.  Unit identification

6.  Shells or drums

Number
and Size

Total
Net Area

Fig. HG-343
L/l

Dist. Tubes
to Shell MAWP

Material
Spec. TypeLocation Pitch

(manufacturer’s serial no.)

(name of part, item number, manufacturer’s name, and identifying stamp)

Manufacturer’s Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following items of

this report

(complete boiler, superheater,
waterwall, etc.)

(drawing no.) (year built)(National Bd. no.)(CRN)

(thickness)(no.)

7.  Joints
[long. (seamless, welded)] [girth (seamless, welded)] (no. of shell courses)[eff. (compared to seamless)]

8.  Tubesheet Tube holes
(material spec., grade) (thickness) (number and diameter)

9.  Tubes: No. Diameter Length Gauge
(material spec., grade) (straight or bent) (if various, give max. and min.) (or thickness)

10.  Heads
(thickness) (flat, dished, ellipsoidal) (radius of dish)(material spec. no.)

11.  Furnace Seams
(thickness) (no.) (total) [type (plain, corrugated, etc.)] [type (seamless, welded)][length (each section)][size (O.D. or W x H)](material spec., gr.)

12.  Staybolts
(no.)

14.  Other parts: 1.

15.  Nozzles, inspection, and pressure relief valve openings:

2.

1.

2.

3.

3.
(brief description, i.e., dome, boiler piping)

[size (diameter)] (size) (net area) [pitch (horizontal and vertical)] (MAWP)(material spec., gr.)

(material spec., grade, size, material thickness, MAWP)

(telltale)

13.  Stays or braces:

(a)  F.H. above tubes

(c)  F.H. below tubes

(d)  R.H. below tubes

(e)  Through stays

Handhole

Manhole

(b)  R.H. above tubes

(material spec., gr.) (inside diameter) (inside diameter) [length (overall)][length (overall)]

(07/23)

How
Attached

Nominal
Thickness

Reinforcement
Material

Diameter
or Size

Purpose
(inlet, outlet, drain, etc.) No. Type Material Location

NA NA

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) (Code Case no.)[addenda (as applicable)(date)]

Page              of 
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F33

F32

F73

F31

F40

F37

F39

F38

F29

F36

F36

F26 F27 F28 F29

F34

F35

F1

F5 F5

FORM H-2 (Back)

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

“H” Certificate of Authorization no. expires .

.

,
Date Signed Name

19.  Remarks

17.  MAWP Based on Heating surface Shop hydro. test

18.  Maximum water temperature

(by representative)

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(manufacturer that constructed and certified boiler)

(Code par. and/or formula)

the parts referred to as data items , not included in the certificate of shop inspection, have

Boiler constructed by at

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by 

have examined Manufacturer’s Partial Data Reports for items

Commission

.

“H” Certificate of Authorization no. expires .,

.

have inspected parts of this boiler referred to as data items and

have compared the statements in this Manufacturer’s Data Report with the described boiler and state that

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

Date Signed

(by representative)
Date Signed

(assembler that certified and constructed field assembly)
Name

Date Signed Commission

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE

CERTIFICATE OF FIELD ASSEMBLY INSPECTION

   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.

   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.

and state that, to the best of my knowledge and belief, the manufacturer 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 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 or 

property damage or a loss of any kind arising from or connected with this inspection.

been 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 or 

property damage or a loss of any kind arising from or connected with this inspection.

(07/17)

(total)

16.  Boiler supports
[type (saddles, legs, lugs)] [attachment (bolted or welded)](no.)

(complete boiler)

Manufactured by

Mfr’s Serial No. National Board No.
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434211

4111 41

44

45

41114847 42

115049441111 4246414847 42

25

51 52

11

11 41 42

11

46 11 42 44

46 11 42 44

1

2

3

4 5 6

7 98

1.  Manufactured and certified by
(name and address of manufacturer)

2.  Manufactured for
(name and address of purchaser)

(name and address)
3.  Location of installation

4.  Unit identification

6.  (a) Drums:

6.  (b) Boiler tubes:

7.  Waterwall headers:

9.  Nozzles, inspection, and pressure relief valve openings:

*Indicate if (1) seamless, (2) fusion welded. **Indicate if (1) flat, (2) dished, (3) ellipsoidal, (4) hemispherical.

Inside
DiameterNo.

No.

1

1

No. Size and Shape Thickness
Material

Spec. No. Gr.
Material

Spec. No. Gr.
Material

Spec. No. Gr.

Reinforcement
MaterialMaterial

NA NA

TypeNo.
Nom.

Thickness
How

Attached
Diameter
or Size

Purpose
(inlet, outlet, drain, etc.) Location

Hydro.
TestThickness ThicknessDiameterShape

1

2

2

Inside Length
Shell Plates Tube Sheets

Tube Hole Ligament
Efficiency, %

Circum-
ferential

Longitu-
dinal

Radius
of Dish

Effi-
ciency

How
AttachedNo.Thickness

Material 
Spec. No. GradeDiameter

Circum.
Joints

Longitudinal
Joints

Effi-
ciency

No. &
Type

No. &
Type* Type**ThicknessMaterial Spec. Grade

Heads Hydro-
static
Test

Material Spec. Grade Thickness Thickness Inside RadiusInside Radius

(manufacturer’s serial no.)(complete boiler, superheater,
waterwall, economizer, etc.)

8.  (a) Other parts or economizers (1)      (b) Tubes for other parts or economizers(2)

Handhole
Manhole

(3)

or

6.  (c) Headers no or

or

(box or sinuous or round, material spec. no., thickness)

6.  (e) Mud drum

6.  (d) Staybolts
(material spec. no., diameter, size telltale, net area)

Heads or ends Hydro. test

Design pressureNet areaPitch

(shape, material spec. no.,
thickness)

Heads or ends Hydro. test
(shape, material spec. no.,

thickness)
(for sect. header boilers state size,

shape, material spec. no., thickness)

(supported
by one bolt)

(drawing no.) (year built)(National Bd. no.)(CRN)

(07/23)

(year) (Code Case no.)[addenda (as applicable)(date)]

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,

2
3

1
2
3
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MANUFACTURER’S MASTER DATA REPORT (check one) YES      NO
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F33

F32

F31

F40

F37

F39

F38

F36

F36

F34

F35

F30 F55

F73F26

F1

F5 F5

FORM H-3 (Back)

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

“H” Certificate of Authorization No. expires .

.

,
Date Signed Name

(by representative)

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(manufacturer that constructed and certified boiler)

the parts referred to as data items not included in the certificate of shop inspection, have been inspected by me

Boiler constructed by at

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

have examined Manufacturer’s Partial Data Reports for items

Commission

.

“H” Certificate of Authorization no. expires .,

.

have inspected parts of this boiler referred to as data items and

have compared the statements in this Manufacturer’s Data Report with the described boiler and state that

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

Date Signed

(by representative)
Date Signed

(assembler that certified and constructed field assembly)
Name

Date Signed Commission

CERTIFICATE OF FIELD ASSEMBLY COMPLIANCE

CERTIFICATE OF FIELD ASSEMBLY INSPECTION

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.

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.

and state that, to the best of my knowledge and belief, the manufacturer has constructed this boiler in accordance with Section IV of the ASME 

BOILER AND PRESSURE VESSEL CODE.

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 

or property damage or a loss of any kind arising from or connected with this inspection.

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 Section IV 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 

or property damage or a loss of any kind arising from or connected with this inspection.

(07/21)

MAWP Shop Hydro. Test Field Hydro. Test
Maximum

water temp.
Heating
Surface Heating surface

to be stamped
on drum heads.
This heating
surface not to
be used for
determining
minimum pressure
relief valve capacity.

11.

a

b

c

d

Boiler
Waterwall

Superheater

Other parts

e Economizers

13.  Remarks

10.

12.  Manufacturer’s Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following items
of this report

(name of part, item number, manufacturer’s name, and identifying stamp)

Manufactured by

Mfr’s Serial No. National Board No.
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F1 F72

F2

F3

F43F11

F41F11 F42F41

F6F5F54F53

F44

F45

F11F48F47

F50F49F44F11F11 F48F47

F11

F11

F48 F11 F44

F48 F11 F44

F11

or

F42F41 or

F42F41 or

F42F41 or

F42F41 or

F42F41 or F42F41 or

F42F41 or

FORM H-4   MANUFACTURER’S PARTIAL DATA REPORT
As Required by the Provisions of the ASME Code Rules

(Attach to the Applicable Data Report, Section IV)

1.  Manufactured and certified by H-4 ID#
(name and address of manufacturer)

2.  Manufactured for
(name and address of purchaser)

(name and address)
3.  Location of installation

4.  Identification of part(s):

6.  (a) Drums:

6.  (b) Boiler tubes:

7.  Waterwall headers:

*Indicate if (1) seamless, (2) fusion welded. **Indicate if (1) flat, (2) dished, (3) ellipsoidal, (4) hemispherical.

Inside
DiameterNo.

No.

1

1

No. Size and Shape Thickness
Material

Spec. No. Gr.
Material

Spec. No. Gr.
Material

Spec. No. Gr.
Hydro
TestThickness ThicknessDiameterShape

1

2

2

Inside Length
Shell Plates Tube Sheets

Tube Hole Ligament
Efficiency, %

Circum-
ferential

Year
Built

Manufacturer’s
Drawing No.

Manufacturer’s
Serial No.

Line
No. National Bd. No.CRNName of Part

Longitu-
dinal

Radius
of Dish

Effi-
ciency

How
AttachedNo.Thickness

Material
Spec. No. GradeDiameter

Circum.
Joints

Longitudinal
Joints

Effi-
ciency

No. &
Type

No. &
Type* Type**ThicknessMaterial Spec. No. Grade

Heads Hydro-
static
Test

Material Spec. No. Grade Thickness Thickness Inside RadiusInside Radius

8.  (a) Other parts (1)      (b) Tubes for other parts(2) (3)

6.  (c) Headers no
(box or sinuous or round, material spec. no., thickness)

6.  (e) Mud drum

6.  (d) Staybolts
(material spec. no. diameter, size telltale; net area)

Heads or ends Hydro. test

Design pressureNet areaPitch

(shape, material spec. no.,
thickness)

Heads or ends Hydro. test
(shape, material spec. no.,

thickness)
(for sect. header boilers, state size,

shape, material spec. no., thickness)

(supported
by one bolt)

(07/17)

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

VESSEL CODE. The design, construction, and workmanship conform to ASME Code, Section IV,

2
3

1
2
3

F7 F9F8

(year) (Code Case no.)[addenda (as applicable)(date)]

Heads or Ends Waterwall Tubes
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33

32

31

36

55

7326

51 52

1

72

25

FORM H-4 (Back)

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

“H” or “PRT IV” Certificate of Authorization no. expires .,

Date Signed Name
(by representative)

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(manufacturer that constructed and certified boiler)

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

Commission

Data Report on , and state that to the best of my knowledge and belief, the manufacturer has,

have inspected the part of a boiler described in this Manufacturer’s Partial

Date Signed

We certify that the statements made in this partial data report are correct and that all details of design, material, construction, and workmanship of these 

parts conform to Section IV of the ASME BOILER AND PRESSURE VESSEL CODE.

constructed this part in accordance with Section IV of the ASME BOILER AND PRESSURE VESSEL CODE. By signing this certificate neither the 

Inspector nor his employer makes any warranty, expressed or implied, concerning the part described in this Manufacturer's Partial 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.

(07/23)

MAWP Shop Hydro. Test Field Hydro. TestMaximum
Water Temp.

Heating
Surface Heating surface or

kW to be stamped
on drum heads
This heating surface
not to be used for
determining minimum
pressure relief valve capacity.

11.

a

b

c

Boiler
Waterwall

Other parts

10.

12.  Remarks

9.  Nozzles, inspection and pressure relief valve openings:

Purpose
(inlet, outlet, drain, etc.)

Diameter
or Size

Nom.
Thickness

How
Attached

Reinforcement
Material

NANAHandhole

TypeNo. Material Location

Manufactured by
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F1

F4

F56

F57

F58

F59

F60

FORM H-5   MANUFACTURER’S MASTER DATA REPORT FOR BOILERS
CONSTRUCTED FROM CAST IRON

As Required by the Provisions of the ASME Code Rules, Section IV

1.  Manufactured and certified by

2.  Boiler type or model no.

Section Designation
(list each individual section

in boiler assembly)

Section Designation Test No. 1 Test No. 2

Bursting Pressure, Metal Thickness Measured at Break or
Fracture, and eight of Section

Metal Thickness
According to Drawing

Pattern and/or
Part No.

Test No. 3

Bar for
Test No. 3

3.  Boiler section data:

4.  Boiler section bursting data:

5.  Minimum specified tensile strength .

(a)

(a)

Section Designation
Bar for

Test No. 1
Bar for

Test No. 2

(a)
(b)
(c)
(d)
(e)

(b)

(c)

(d)

(e)

(b)
(c)
(d)
(e)

(name and address of manufacturer) (foundry identification)

7.  Specification no. and class of gray iron

8.  Maximum Allowable working pressure of boiler*
*Determined by using formula in HC-402 and by selection of lowest values of bursting pressure from tests recorded in item 4 of this report.

6.  Tensile strength of associated test bars:

(07/15)

W
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61

62

31

1

4

FORM H-5   (Back)

10.  Examination data:

12.  ASME Certificate of Authorization no. to use the Certification Mark with H designator (cast iron).

Certificate expires

(a)  Test engineer

9.  Sketch of section with lowest bursting pressure:

Show location of
failure and indicate whether
principally in bending or tension.

11.  Manufacturer’s certification:

Date

Certified to be true record

,

,

(07/23)

(name)

(b)  Witness of test(s)

(c)  Date(s) of destruction tests

(name)

(name and title)

Manufactured by

Boiler type or model no.
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F1

F4

F56

F57

F75

F59

F76

FORM H-5A   MANUFACTURER’S MASTER DATA REPORT FOR BOILERS
CONSTRUCTED FROM CAST ALUMINUM

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section IV

1.  Manufactured and certified by

2.  Boiler type or model no.

Section Designation
(List Each Individual Section

in Boiler Assembly)

Section Designation Test No. 1 Test No. 2

Bursting Pressure, Metal Thickness Measured at Break or
Fracture, and Weight of Section

Metal Thickness
According to Drawing

Pattern and/or
Part No.

Test No. 3

Bar for
Test No. 3

3.  Boiler section data:

4.  Boiler section bursting data:

5.  Minimum specified tensile strength .

(a)

(a)

Section Designation
Bar for

Test No. 1
Bar for

Test No. 2

(a)
(b)
(c)
(d)
(e)

(b)

(c)

(d)

(e)

(b)
(c)
(d)
(e)

(name and address of manufacturer) (foundry identification)

7.  Specification no. of aluminum alloy

8.  Maximum allowable working pressure of boiler1

1 Determined by using formula in HA-402 and by selection of lowest values of bursting pressure from tests recorded in item 4 of this report.

6.  Tensile strength of associated test bars:

(07/15)
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61

62

31

1

4

FORM H-5A   (Back)

10.  Examination data:

12.  ASME Certificate of Authorization no. to use the Certification Mark with H designator (cast aluminum).

Certificate expires

(a)  Test engineer

9.  Sketch of section with lowest bursting pressure (show location of failure)

11.  Manufacturer’s certification:

Date

Certified to be true record

,

,

(07/23)

(name)

(b) Certified Individual

(c)  Date(s) of destruction tests

(name)

(name and title)

Manufactured by

Boiler type or model no.

Page              of 

ASME BPVC.IV-2023

185



F1 F74

F2 F74

F3 F74

F31

F32

F36

F4 F74 F5 F74

F6 F74F5 F74F5 F74F5 F74

FORM H-6   MANUFACTURER’S DATA REPORT SUPPLEMENTARY SHEET
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section IV

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)

Certificate of Authorization: Type No. Expires

Date
(manufacturer) (representative)

Date

Name Signed

Name Commission
(authorized inspector) (National Board Authorized Inspector Commission Number)

4.  Unit identification

Data Report
Item Number Remarks

(manufacturer’s serial no.)

(year built)(National Board no.)(drawing no.)(CRN)

(07/17)
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FORM HC-1   MANUFACTURER’S MATERIAL CERTIFICATE OF CONFORMANCE
FOR CAST IRON BOILER SECTIONS

1. Manufactured and certified by

2. List of cast iron sections:

Pattern # Cast Date Quantity Date of Last Burst Test

(name and address of manufacturer) (foundry designation)

4. Date

3. The chemical and physical properties of sections listed here meet the material requirements of Part HC, Article 2.

Signed
(by representative)

5. Date Signed

6. ASME Certificate of Authorization No. to use the Certification Mark with H designator (cast iron). Certificate expires

(by Certified Individual)

(07/21)

ASME BPVC.IV-2023
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FORM HC-2   MANUFACTURER’S MATERIAL CERTIFICATE OF CONFORMANCE
FOR HYDROSTATIC TESTING OF CAST IRON BOILER SECTIONS

1. Manufactured and certified by

2. List of cast iron sections:

Pattern # Quantity MAWP Hydrostatic Test Pressure

(name and address of manufacturer) (foundry designation)

4. Date

3. Sections listed here have satisfactorily passed the hydrostatic test required in HC-410.

Signed
(by representative)

5. Date Signed

6. ASME Certificate of Authorization No. to use the Certification Mark with H designator (cast iron). Certificate expires

(by Certified Individual)

(07/21)

ASME BPVC.IV-2023
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FORM HC-3 MANUFACTURER’S REPORT FOR THE APPLICATION OF NAMEPLATES
ON CAST IRON BOILERS

1. Manufactured and certified by
(name and address of manufacturer)

2. List of applied nameplates

Nameplate Part # Quantity Boiler Model # Date Applied

3. Nameplates listed here have been applied in accordance with the requirements of HG-530.2

4. Date Signed
(by representative)

5. Date Signed
(by Certified Individual)

6. ASME Certificate of Authorization No to use the Certification Mark with H designator (cast iron).  Certificate expires

(07/21)

ASME BPVC.IV-2023
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FORM HA-1   MANUFACTURER’S MATERIAL CERTIFICATE OF CONFORMANCE
FOR CAST ALUMINUM BOILER SECTIONS

1. Manufactured and certified by

2. List of cast aluminum sections

Pattern # Cast Date Quantity Date of Last Burst Test

(name and address of manufacturer) (foundry designation)

4. Date

3. The chemical and physical properties of sections listed here meet the material requirements of Part HA, Article 2 and Part HF.

Signed
(by representative)

5. Date Signed

6. ASME Certificate of Authorization No. to use the Certification Mark with H designator (cast aluminum). Certificate expires

(by Certified Individual)

(07/21)
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FORM HA-2   MANUFACTURER’S MATERIAL CERTIFICATE OF CONFORMANCE
FOR HYDROSTATIC AND PNEUMATIC TESTING OF CAST ALUMINUM BOILER SECTIONS

1. Manufactured and certified by

2. List of cast aluminum sections

Pattern # Quantity MAWP Test Pressure

(name and address of manufacturer) (foundry designation)

4. Date

3. Sections listed here have satisfactorily passed the hydrostatic test required in HA-406.

    Sections listed here have satisfactorily passed the pneumatic test allowed in HA-407.

Signed
(by representative)

(check appropriate box)

5. Date Signed

6. ASME Certificate of Authorization No. to use the Certification Mark with H designator (cast aluminum). Certificate expires

(by Certified Individual)

(07/21)
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Nameplate Part # Quantity Boiler Model # Date Applied

1. Manufactured and certified by
(name and address of manufacturer)

2. List of applied nameplates

3. Nameplates listed here have been applied in accordance with the requirements of HG-530.2

4. Date Signed
(by representative)

5. Date Signed
(by Certified Individual)

6. ASME Certificate of Authorization No to use the Certification Mark with H designator (cast aluminum).  Certificate expires

FORM HA-3 MANUFACTURER’S REPORT FOR THE APPLICATION OF NAMEPLATES
ON CAST ALUMINUM BOILERS

(07/21)
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1

2

3

6

63 41 64 63

12

11

25

66 67

5530

68

13 12

11

11

46

11

5

65

7 98

FORM HLW-6   MANUFACTURER’S DATA REPORT FOR WATER HEATERS OR STORAGE TANKS
As Required by the Provisions of the ASME Code Rules, Section IV

MANUFACTURER’S MASTER DATA REPORT (check one) YES      NO

1.  Manufactured and certified by
(name and address of manufacturer)

2.  Manufactured for
(name and address of purchaser)

(name and address)
3.  Location of installation

4.  Identification

Knuckle Radius Elliptical Ratio Flat DiameterCrown RadiusLocation
Material Spec.,
Gr., Thickness

Side Pressure
(concave, convex)

Reinforcement
MaterialMaterial

NA NANA

TypeNo.
Nominal

Thickness
How

Attached
Diameter
or Size

Purpose
(inlet, outlet, drain, etc.) Location

(manufacturer’s serial no.)

6.  Shell
(no.) thickness (lining) (diameter) [length (overall)]

7.  Joints
[long. (seamless, welded)]

9.  Tubesheet

11.  MAWP

13.  Remarks

Max. input Max. temp. Hydrostatic test

10.  Nozzles, inspection, and pressure relief valve openings:

Tubes
(material spec., gr.) (no.) (size) (material spec., gr.) (thickness) (rolled or welded)[length (overall)]

(name of part, item no., manufacturer’s name, identification stamps)

[eff. (compared to seamless)] [girth (seamless, welded)] (no. of shell courses)

8.  Heads

(material spec., gr.)

(drawing no.)

Handhole

(year built)(National Board no.)(CRN)

(07/23)

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 Part HLW, Section IV

12. Manufacturer’s Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following items of this 

report

(year) (Code Case no.)[addenda (as applicable)(date)]
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F36

F32

F31

F33

F34

F35

FORM HLW-6 (Back)

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

“HLW” Certificate of Authorization no. expiration date .

Date Name Signed
(manufacturer that constructed and certified water heater or storage tank)

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(by representative)

Constructed by at

Commission

have inspected parts referred to as data items

and have examined Manufacturer’s Partial Data Reports for items

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

Date Signed

   We certify that the statements made in this data report are correct and that all details of design, material, construction, and workmanship of 

this water heater or storage tank conform to Section IV of the ASME BOILER AND PRESSURE VESSEL CODE.

and state that, to the best of my knowledge and belief, the manufacturer has constructed this water heater or storage tank in accordance with 

Section IV of the ASME BOILER AND PRESSURE VESSEL CODE.

By signing this certificate, neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the water heater or 

storage tank 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.

(07/21)
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1 72

2

63 41 64 63

12

11

11

65 66 67

55

68

13 12

46

11

53

7 8

54 5 6

FORM HLW-7   MANUFACTURER’S PARTIAL DATA REPORT FOR 
WATER HEATERS AND STORAGE TANKS

As Required by the Provisions of the ASME Code Rules (Attach to the Applicable Form HLW-6 Data Report)  

Page              of 

1.  Manufactured and certified by HLW-7 ID#
(name and address of manufacturer)

2.  Manufactured for
(name and address of purchaser)

3.  Identification of part(s):

and Addenda (as applicable) to

Knuckle Radius Elliptical Ratio Flat DiameterCrown RadiusLocation
Material Spec.,
Gr., Thickness

Side Pressure
(concave, convex)

5.  Shell
(no.)

(no.)

(thickness) (lining) (diameter) [length (overall)]

6.  Joints

9.  Tubes

(material spec., gr.) (no. and diameter)
8.  Tubesheet Tube holes

Length Material spec., gr. ThicknessSize

[long. (seamless, welded)]

11.  MAWP

10.  Connections:

12.  Remarks

Max. input Max. temp. Hydrostatic test

[eff. (compared to seamless)] [girth (seamless, welded)] (no. of shell courses)

7.  Heads

(material spec., gr.)

(07/23)

(year) (date)

4. 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 Part HLW, Section IV

Name of Part Line No. Identifying No. Year BuiltManufacturer’s Drawing No.

Purpose No. Size or Diameter Material Spec., Gr. Thickness
Reinforcement

Material
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32

33

36

31

FORM HLW-7 (Back)

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

Certificate of Authorization no. to use the Certification Mark with HLW or PRT IV designator expires .

Date bySigned
(manufacturer that constructed and certified parts)

(Authorized Inspector) (National Board Authorized Inspector Commission Number)

(authorized representative)

Commission

of

have inspected the part described in this Manufacturer’s Partial Data Report on

and employed by
I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and/or the state or province

Date Signed

We certify the statements in this Manufacturer's Partial Data Report to be correct and that all details of material, construction, and 
workmanship of this water heater or storage tank conform to Section IV of the ASME BOILER AND PRESSURE VESSEL CODE.

and state that, to the best of my knowledge and belief, the manufacturer has constructed this part in accordance with Section IV of the ASME 
BOILER AND PRESSURE VESSEL CODE.

By signing this certificate, neither the inspector nor his employer makes any warranty, expressed or implied, concerning the part described in this 
Manufacturer's Partial 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.

(07/23)
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F32

F31

F36

F1

F4

F11 F41

F70

F71

F65

F61

F33

F71F69

FORM HLW-8   MANUFACTURER’S MASTER DATA PROOF TEST REPORT
FOR WATER HEATERS OR STORAGE TANKS

As Required by the Provisions of the ASME Code Rules, Section IV

MANUFACTURER’S CERTIFICATION

PROOF TEST CERTIFICATE

ASME Certificate of Authorization no. to use the Certification Mark with HLW designator expiration date

Date

*NOTE: Signature of manufacturer’s designated responsible engineering representative is required.

I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and employed by

have witnessed the proof test and the procedures conforming to HLW-500 of Section IV of the ASME BOILER AND PRESSURE VESSEL CODE.

Certified to be true record
(authorized representative)* (manufacturer)

Date Signed Commission
(Authorized Inspector) (National Board Authorized Inspector Commission Number)

We certify that the above data is correct and that the proof test procedure conforms with HLW-500 of Section IV of the ASME BOILER AND 

PRESSURE VESSEL CODE.

By signing this certificate, neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the water heater or 

storage tank described in this Manufacturer's Proof Test 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 the witnessing of this proof test.

(07/17)

1.  Manufactured and certified by
(name and address)

4.  Type of coating

6.  Yield strength of test specimens [HLW-502.1(c)]: (a) (b) (c) Average

5.  Test data to determine yielding:
(lime wash or other brittle coating)

2.  Vessel type or model no. (HLW-500)

3.  Vessel proof test data:

Vessel Parts

(a)

Description
or Part No.

Material Spec., Gr., Thickness
According to Drawing

Specified Yield
Strength

Minimum
Tensile

7.  Maximum allowable working pressure of vessel [determined by formulas in HLW-502.1(d)]

8.  Examination data:
(a)  Test engineer

(b)  Witness of test

(c)  Date(s) of proof test

Part Designation
Yielding

Yielding Pressure by
Flaking of Coating or

by Strain Lines

Location of Yielding
Whether Bending or Tension

(indicate on sketch)

(b)

(c)

(d)

(e)
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MANDATORY APPENDIX 5
VACUUM BOILERS

5-100 SCOPE
Section IVRules permit a boiler to operatewith internal

pressure or with a vacuum. Rules in this Appendix cover
the minimum requirements for the design, fabrication,
and inspection of a boiler for vacuum operation only.
Exemptions from certain Section IV requirements are
provided. All other requirements of Section IV shall be
met.

5-200 MAXIMUM PRESSURE AND
TEMPERATURE

(a) Maximum Allowable Working Pressure. The boiler
shall be designed for 15 psi vacuum (100 kPa vacuum)
[0 psi (0 kPa)]. This value shall be used in all calculations,
in lieu of the requirements of HG-300(a).
(b) Maximum temperature shal l not exceed

210°F (99°C).

5-300 DESIGN PARAMETERS

(a) The thickness of cylindrical shells under external
pressure shall be calculated in accordance with
HG-312, except that, when boilers are designed for
noncorrosive service at a maximum pressure difference
between outside and inside of 15 psi (100 kPa), the thick-
ness shall be not less than 1∕8 in. (3 mm).
(b) Rectangular boilers under external pressure shall

have thicknesses calculated in accordance with Section
VIII, Division 1, Mandatory Appendix 13, 13-8 and
13-9. For noncorrosive service only, the thickness shall
be not less than 1∕8 in. (3 mm).
(c) Stays in compression shall meet the requirements

of the following:

l r 50

where

l = length
r = radius of gyration

(d) The furnace thickness shall be calculated in accor-
dance with HG-301, using 15 psi (100 kPa) design pres-
sure. For noncorrosive service only, the thickness shall be
not less than 1∕8 in. (3 mm).

(e) Head thickness shall be calculated in accordance
with HG-305, HG-306, or HG-307, using 15 psi (100
kPa) design pressure, except that, when boilers are
designed for noncorrosive service at amaximumpressure
difference between outside and inside of 15 psi (100 kPa),
the thickness shall be not less than 1∕8 in. (3 mm).
(f) Tube thickness shall be calculated in accordance

with HG-315.
(g) As an alternative to the calculations in (a) through

(f), the vessel may be
(1) designed and constructed to Code requirements

for an internal pressure of 30 psig (200 kPa) using the
proof test requirements of HG-501 or HG-502.
However, no external pressure rating may be shown
with the Code marking unless Code requirements for
external pressure are met (see HG-503).

(2) designed and constructed as a vacuum vessel for
an external pressure of 15 psia (100 kPa) using the proof
test requirements of HG-503.

5-400 WELDING

(a) Joint Efficiency. No factor has to be used for parts
designed for external pressure (E = 1). For the furnace
joint, efficiencies shall be in accordance with HW-702.
(b) Corner or tee joints shall be in accordance with

HW-701.3.
(c) Attachment welds shall be in accordance with

HW-731.
(d) Welding Qualifications shall be in accordance with

ASME Section IX.

5-500 ALTERNATIVE TO HYDROTEST
A helium leak test, conducted at the maximum vacuum

to which the boiler will be exposed, may be used in lieu of
the hydrostatic test requirements specified in HG-510.
This test shall be witnessed by the authorized inspector.
The test shall be conducted in accordance with Section V,
Article 10, Mandatory Appendix IV or Mandatory
Appendix V. Maximum acceptable leakage rate shall be
as follows:
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Appendix
Maximum Acceptable Leakage Rate,

std cm3/sec
IV — Detector
Probe 1 × 10−4

V — Tracer Probe 1 × 10−5

V — Hood 1 × 10−6

5-600 INSTRUMENTS, FITTINGS, AND
CONTROLS

Vacuum boilers shall be provided with instruments,
fittings, and controls in accordance with Articles 6 and
7 of Part HG, but they are exempt from the following re-
quirements if pressure and temperature controls are
provided as described in (a), (b), and (c) below:

Paragraph Title
HG-603 Gauge Glass
HG-604 Water Column
HG-605 Pressure Control (second control only)
HG-606 Low Water Cut-Off
HG-703.2 Return Pipe Connection
HG-705 Feedwater Connection
HG-715 Blowoff and Drain Valves

These exemptions are applicable only when the
following devices are installed:
(a) Pressure Control. A pressure control that interrupts

the burner operation in response to boiler pressure, and is
set at 2.5 psig vacuum (12.2 psia) (17 kPa).
(b) Temperature Control. Two temperature controls

responsive to boiler temperature that can interrupt
burner operation, one shall operate at a temperature
below 210°F (99°C), and the other shall prevent the
temperature from exceeding 210°F (99°C) with no auto-
matic recycle. The use of a fusible plug to perform the
second of these two functions is permissible.
(c) PressureRelief Valve. A pressure relief valvewithout

a test lever, set at 7.1 psig (22 psia) (49 kPa gage)
maximum pressure and sized in accordance with
HG-402A.

5-700 INSPECTION OPENINGS
Heat exchanger coil openingsmay be used to satisfy the

requirements for inspection and access.
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MANDATORY APPENDIX 6
STANDARD UNITS FOR USE IN EQUATIONS

Table 6-1
Standard Units for Use in Equations

Quantity U.S. Customary Units SI Units
Linear dimensions (e.g., length, height, thickness, radius, diameter) inches (in.) millimeters (mm)
Area square inches (in.2) square millimeters (mm2)
Volume cubic inches (in.3) cubic millimeters (mm3)
Section modulus cubic inches (in.3) cubic millimeters (mm3)
Moment of inertia of section inches4 (in.4) millimeters4 (mm4)
Mass (weight) pounds mass (lbm) kilograms (kg)
Force (load) pounds force (lbf) newtons (N)
Bending moment inch-pounds (in.-lb) newton-millimeters (N·mm)
Pressure, stress, stress intensity, and modulus of elasticity pounds per square inch (psi) megapascals (MPa)
Energy (e.g., Charpy impact values) foot-pounds (ft-lb) joules (J)
Temperature degrees Fahrenheit (°F) degrees Celsius (°C)
Absolute temperature Rankine (°R) kelvin (K)

Fracture toughness ksi square root inches (ksi in. ) MPa square root meters (MPa m )
Angle degrees or radians degrees or radians
Boiler capacity Btu/hr watts (W)
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MANDATORY APPENDIX 7
RULES FOR MASS-PRODUCTION OF HEATING BOILERS

7-100 INTRODUCTION
This Appendix provides detailed requirements for the

mass-production of boilers with the Certification Mark
with the H designator or vessels with the Certification
Mark with the HLW designator at a rate of production
that makes it impracticable for the Inspector to
perform the duties normally assigned under HG-515.3,
HG-515.4(a), and HLW-600.3. The provisions of this
Appendix allow the Manufacturer to assume responsi-
bility for carrying out some of the Inspector’s normally
assigned duties by the development, acceptance, and
implementation of a detailed inspection and quality
control procedure as described in HG-515.4(b) and
HLW-600.3(f). The objective of such a procedure is to
ensure that Code compliance and pressure integrity of
mass-produced boilers with the Certification Mark with
the H designator and vessels with the Certification
Mark with the HLW designator remains essentially iden-
tical to boilers with the Certification Mark with the H
designator constructed under HG-515.4(a) or vessels
with the Certification Mark with the HLW designator
c o n s t r u c t e d u n d e r HLW - 6 0 0 . 3 ( a ) t h r o u g h
HLW-600.3(c). The Inspectormust be satisfied the inspec-
tion and quality control procedure and theQuality Control
System are being fully implemented, and completed
boilers with the Certification Mark with the H designator
or vesselswith the CertificationMarkwith theHLWdesig-
nator meet the applicable requirements of HG-515 for
boilers with the Certification Mark with the H designator
and HLW-600 for vessels with the CertificationMark with
the HLW designator.

7-200 SCOPE
This Appendix prov ides ru les a l lowing the

Manufacturer to assume responsibility for carrying out
some of the Inspector’s duties of mass-produced
boilers with the Certification Mark with the H designator
normally assigned under HG-515.3 and HG-515.4(a) or
vessels with the Certification Mark with the HLW desig-
nator normally assigned under HLW-600.3(a) through
HLW-600.3(c), in addition to the responsibilities normally
assigned to theManufacturer inHG-515.2andHLW-600.2.
A mass-production program for boiler with the
Certification Mark with the H designator or vessels
with theCertificationMarkwith theHLWdesignator fabri-

cationmaybe implementedwhen the requirements of this
Appendix are met.

7-300 GENERAL

(a) Mass-production is defined as the construction of
multiple boilers with the Certification Mark with the H
designator or vessels with the Certification Mark with
the HLW designator at a rate of production that makes
it impracticable for the Inspector to perform all of the
duties normally assigned. The Inspector and/or the
Authorized Inspection Agency (AIA) shall determine
the acceptability of applying the mass-production inspec-
tion and quality control procedure to the construction of
any boiler with the Certification Mark with the H desig-
nator or vessels with the CertificationMark with the HLW
designator or series of boilers with the Certification Mark
with the H designator or vessels with the Certification
Mark with the HLW designator.
(b) Construction of two or more boilers with the

Certification Mark with the H designator or vessels
with the Certification Mark with the HLW designator
per shift at a rate of production that affords the
Inspector sufficient opportunity to perform the required
duties does not qualify for mass-production.
(c) Boilerswith the CertificationMarkwith theHdesig-

nator or vessels with the CertificationMark with the HLW
designator constructed under this Appendix shall be iden-
tical, except for differences in fitting sizes and locations,
shell lengths, and the location and configuration of
nonpressure attachments.
(d) The design and construction of boilers with the

Certification Mark with the H designator or vessels
with theCertificationMarkwith theHLWdesignator fabri-
cated under this Appendix shall be reviewed and accepted
by the Inspector in accordance with the Certificate
Holder’s Quality Control System.
(e) There is no size limitation on mass-produced

boilers with the Certification Mark with the H designator
or vessels with the Certification Mark with the HLW
designator.

7-400 QUALITY CONTROL PROCEDURES

(a) The Manufacturer and the Authorized Inspection
Agency (AIA) of record shall collaborate on the prepara-
tion of a detailed inspection and quality control procedure
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describinghowsomeof the duties, of the Inspector,will be
assumed by the Manufacturer. The inspection and quality
control procedure, along with the Quality Control System
Manual, shall be submitted to the AIA of record for review
and acceptance in writing prior to implementation. The
AIA of record shall submit the accepted inspection and
quality control procedure and the Quality Control
System Manual to the legal jurisdiction concerned, and
to an ASME Designee for review and acceptance. The
final approved version of the inspection and quality
con t r o l p ro c edu re sha l l b e i n c l uded in the
Manufacturer’s written Quality Control System.
(b) The inspection and quality control procedure shall

be implemented at the location of the Manufacturer
named on the Certificate of Authorization. An Inspector
employed and designated by the AIA of record shall be
assigned at each Manufacturer’s location where mass-
production is being performed. The assigned Inspector
shall perform the required duties, including verification
and oversight of implementation of the inspection and
quality control procedure as stated in (c) below. A
minimum of one full-time (40 hr per week) Inspector
shall be present during mass-production operations to
perform the required duties. The Inspector shall be
present at all times during mass production operations
when operating less than 40 hr per week. When multiple
shift mass-production operations are taking place, the
required inspection frequency beyond the full-time
requirement shall be a matter of agreement between
the AIA of record and the Manufacturer, as set forth in
the accepted inspection and quality control procedure.
Manufacturing personnel who implement the inspection
and quality control procedure shall be trained and qual-
ified for their assigned duties in accordance with the
Manufacturer’s Quality Control System. All training and
qualification documentation shall bemaintained in accor-
dance with the Manufacturer’s Quality Control System.
(c) The Inspector shall perform all duties specifically

assigned, and any necessary intermittent and unan-
nounced in-process inspections and other inspection
act ivi t ies required to ensure boi lers with the
Certification Mark with the H designator or vessels
with the Certification Mark with the HLW designator
have been designed and constructed in accordance
with the requirements of this Section prior to applying
the Certification Mark. The Inspector’s duties shall, as
a minimum, include verifying that

(1) the Manufacturer has a valid Certificate of
Authorization and is working to a Quality Control System

(2) the applicable design calculations are available
(3) materials used in the construction shall comply

with the requirements of this Section
(4) all welding and brazing procedures have been

qualified
(5) all welders, welding operators, brazers, and

brazing operators have been qualified

(6) material imperfections repairedbyweldingwere
acceptably repaired

(7) the inspection and quality control procedure is
being implemented effectively, by monitoring all aspects
of its implementation completely each calendar year

(8) the boiler with the Certification Mark with the H
designator or vessels with the Certification Mark with the
HLWdesignator is in compliancewith all the provisions of
thisCode, to thebest of their knowledgeandbelief, prior to
signing the Certificate of Inspection on theManufacturer’s
Data Report
(d) In addition to the responsibil it ies of the

Manufacturer found in HG-515.2, the Manufacturer is
responsible for the following duties, as provided in the
inspection and quality control procedure described in
(a) above:

(1) verifying that weld defects were acceptably
repaired

(2) making a visual examination of the vessel to
confirm that the material identification numbers have
been properly transferred

(3) making a visual examination of the vessel to
confirm that there are no material or dimensional defects

(4) verifying that required surface examinations and
other tests have been performed and that the results are
acceptable

(5) performing internal and external examinations,
andverifying that the hydrostatic test has been performed

(6) verifying that thenameplate has beenattached to
the boiler with the Certification Mark with the H desig-
nator or vessels with the Certification Mark with the
HLW designator
(e) When the Manufacturer wishes to make changes to

the accepted inspection and quality control procedure
affecting compliance with the requirements of
HG-515.4(b), the changes shall be subjected to review
and acceptance, prior to implementation, by all parties
required for a joint review, including the AIA of
record, the jurisdiction concerned, and an ASME
Designee. The AIA of record shall forward the accepted
revisions, to the inspection and quality control procedure,
to the legal jurisdiction, and the ASME Designee for their
written acceptance.

7-500 ð23ÞMANUFACTURER’S DATA REPORTS
(a) The Manufacturer’s Data Report prepared by the

Manufacturer for boilers with the Certification Mark
with the H designator or vessels with the Certification
Mark with the HLW designator constructed under a
mass-production program shal l include under
“Remarks” the statement: “Constructed under the provi-
sions of HG-515.4(b).” The Manufacturer’s Data Report
Forms shall be certified by the Manufacturer and
Inspector when the completed heating boilers or
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vessels are found to be in compliance with the require-
ments of this Section.
(b) Same-day construction of identical mass-produced

boilers with the Certification Mark with the H designator
or vesselswith the CertificationMarkwith theHLWdesig-

nator may be reported on a single Manufacturer’s Data
Report when the requirements of HG-515.4(b) are met.
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MANDATORY APPENDIX 8
CRITERIA FOR REAPPLICATION OF A CERTIFICATION MARKð23Þ

Reapplication of the ASME Single Certification Mark
shall be in accordance with ASME CA-1.
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MANDATORY APPENDIX 9
ESTABLISHING GOVERNING CODE EDITIONS, ADDENDA, AND
CASES FOR HEATING BOILERS AND REPLACEMENT PARTS

9-100 GENERAL
After Code revisions are approved by ASME, they may

be used beginning with the date of issuance shown on the
Code. Except asnotedbelow, revisionsbecomemandatory
6monthsafter thedateof issuance.CodeCasesarepermis-
sible andmay be used beginningwith the date of approval
by ASME. Only Code Cases that are specifically identified
as being applicable to this Sectionmaybeused. At the time
aCodeCase is applied, only the latest revisionmaybeused.
Code Cases that have been incorporated into this Section
or have been annulled shall not be used.
Changes to the Code and Code Cases related to design,

material, fabrication, examination, inspection, testing,
overpressure protection, and field assembly made
prior to completion of the boiler or replacement part
may be critical to the intended service conditions of
the boiler. These changes must be considered by the
Manufacturer. Application of such changes shall be a
matter of agreement between the Manufacturer and
the user.
As used in this Mandatory Appendix, the term

“Authorized Inspector” shall be considered to include
“Qualified Inspector” and “Certified Individual.”

9-200 DESIGN
The Manufacturer of the completed boiler shall estab-

lish the Code edition, addenda, and Code Cases to be used
for design of a boiler, including parts thereof, or a replace-
ment part to be markedwith the ASME CertificationMark
required by this Section.
(a) Except as provided in (b) and (c), the Code edition

and addenda used to design a boiler, parts thereof, and
replacement parts shall be either those that are manda-
tory on the date the boiler or replacement part is
contracted or those that have been approved and
issued by ASME prior to the contract date but are not
yet mandatory (refer to 9-100 above).
(b) Existing pressure parts that have been marked and

certified to an earlier or later edition and addenda than
those used for design and that have never been placed in
service (i.e., placed in stock for future use) may be used,
provided they are acceptable to the Manufacturer.

(c) It is permitted to provide a replacement part “in
kind” (i.e., identical in fit and material to the part
being replaced) for an existing boiler and to certify the
part as meeting the Code edition and addenda to
which the existing boiler is certified.

9-300 MATERIALS
For pressure-containing parts, the Manufacturer shall

usematerial conforming to one of the specifications listed
as approved for use in the edition and addenda specified
for design. Also, thematerial specification editionmust be
listed as approved for use in the Guideline for Acceptable
ASTM Editions or in the Guideline for Acceptable Non-
ASTM Editions in Section II, Part A or Part B.
For replacement parts provided “in kind,” the material

shall be produced in accordance with the material spec-
ification revision listed as approved in Section II as
described above at the time the part is certified.

9-400 FABRICATION
The edition and addenda used to govern fabrication

shall be either those governing design or the edition
and addenda approved and issued at the time the activity
is performed.

9-500 EXAMINATION
Examination refers to activities performed by the

Manufacturer that include nondestructive examination.
The edition and addenda used to govern examination
shall be either those governing design or the edition
and addenda approved and issued at the time the activity
is performed.

9-600 INSPECTION
Inspection refers to activities performed by the

Inspector. The Code edition and addenda used to
govern inspection shall be the same as those governing
design.
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9-700 TESTING
The Code edition and addenda used to govern testing of

the item shall be the same as those governing design.

9-800 OVERPRESSURE PROTECTION
TheCode edition and addendaused to governoverpres-

sure protection shall be the same as those governing
design.

9-900 FIELD ASSEMBLY
The edition and addenda used to govern field assembly

shall be either those governing design or the edition and
addenda approved and issued at the time the activity is
performed.

9-1000 CERTIFICATION
The edition and addenda used to govern Code certifica-

tion shall be the same as those governing design.
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MANDATORY APPENDIX 10
REQUIREMENTS FOR FEEDWATER ECONOMIZERS

10-100ð23Þ GENERAL
A feedwater economizer is a heat exchanger in which

feedwater to be supplied to a boiler or water heater is
heated by flue gasses exiting the boiler or water
heater. When such an economizer is supplied with a
Section IV boiler or water heater, it shall be a certified
pressure vessel, which may be constructed in accordance
with Section IVor in accordancewith SectionVIII, Division
1.Manufacturer’sDataReports for Section IVeconomizers
shall be documented on Form H-3.

10-200 DESIGN

(a) The maximum allowable working pressure
(MAWP) of the primary (feedwater) side of the economiz-
er shall not be less than the maximum feedwater supply
pressure under any operating conditions.
(b) When used with a water heater certified in accor-

dance with Part HLW, water-wetted surfaces shall be
corrosion resistant material.

10-300 PRESSURE RELIEF

(a) The Section IV economizer shall be provided with
pressure relief valves sized inaccordancewithHG-402A.2.
Nonisolable economizers shall be provided with pressure
relief valves inaccordancewithHG-402A.2or therequired
economizer relief valve capacity shall be included in the
total capacity of the relief valves on the boiler or water
heater. The total relief valve capacity need not exceed the
input of the boiler. Isolable economizers shall have the
pressure relief valve installed on the economizer.
(b) Economizers constructed to Section VIII, Division 1

shall be provided with overpressure protection in accor-
dance with the requirements of Section VIII, Division 1,
UG-150 through UG-156.
(c) In all cases, for both Section IV and Section VIII,

Division 1 economizers, the heat absorption of the econ-
omizer shall be included in the economizer nameplate
marking.
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NONMANDATORY APPENDIX A
ESTIMATING PRESSURE RELIEF VALVE CAPACITY

REQUIREMENTS

A-100 GUIDE FOR ESTIMATING PRESSURE
RELIEF VALVE CAPACITY BASED ON
HEATING SURFACE

The minimum pressure relief valve relieving capacity,
when provided in accordance with HG-402A, may be esti-
mated on the basis of the pounds of steam generated per
hourper square foot (kilogramperhourper squaremeter)
of boiler of heating surface, as given in Table A-100. In
many cases, a greater relieving capacity of pressure
relief valves will have to be provided than that estimated
using Table A-100, in order to meet the requirements of
HG-402A.1(c) and HG-402A.1(i) or HG-402A.2(d) and
HG-402A.2(f).

Table A-100
Guide for Estimating Steaming Capacity Based on

Heating Surface
U.S. Customary Units

Type of Surface

Pounds of
Steam/(hr × ft2)

Firetube
Boilers

Watertube
Boilers

Boiler heating surface
Hand fired 5 6
Stoker fired 7 8
Oil, gas, or pulverized fuel
fired 8 10

Waterwall heating surface
Hand fired 8 8
Stoker fired 10 12
Oil, gas, or pulverized fuel
fired 14 16

SI Units

Type of Surface

Kilograms of
Steam/(h × m2)

Firetube
Boilers

Watertube
Boilers

Boiler heating surface
Hand fired 24 29
Stoker fired 34 39
Oil, gas, or pulverized fuel
fired 39 49

Waterwall heating surface
Hand fired 39 39
Stoker fired 49 59
Oil, gas, or pulverized fuel
fired 68 78

GENERAL NOTES:
(a) When a boiler is fired only by a gas having a heat value not in

excess of 200 Btu/ft3 (7 400 kJ/m3), theminimumpressure relief
valve relieving capacity may be based on the values given for
hand-fired boilers above.

(b) The minimum pressure relief valve relieving capacity for electric
boilers shall be 31∕2 lb/hr/kW (1.6 kg/h/kW) input.

(c) For heating surface determination, see HG-403A.
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NONMANDATORY APPENDIX B
METHOD OF CHECKING PRESSURE RELIEF VALVE CAPACITY BY
MEASURING MAXIMUM AMOUNT OF FUEL THAT CAN BE

BURNED

B-100 PROCEDURE
Themaximum quantity of fuel C that can be burned per

hour at the time of maximum forcing is determined by a
test. Themaximumnumberof heat units perhour, orCH, is
then determined, using the values ofH given in B-102. The
weight of steam generated per hour is found by the
formula:

(U.S. Customary Units)

= × ×W C H 0.75
1,000

(SI Units)

= × ×W C H 0.75
2 326

where

C = total weight or volume of fuel burned/hr at time of
maximum forcing, lb or ft3

H = heat of combustion of fuel, Btu/lb or Btu/ft3 (see
B-102)

W = weight of steam generated/hr, lb

The sum of the pressure relief valve capacities marked
on the valves shall be equal to or greater than W.

B-101 EXAMPLES
Example 1. A boiler at the time ofmaximum forcing uses

2,150 lb of Illinois coal/hr of 12,100 Btu/lb.

× = × =C H 2,150 12,100 26,015,000

= × × ÷ =W C H( 0.75) 1,000 19,511

Example 2. Wood shavings of heat of combustion of
6,400 Btu/lb are burned under a boiler at the
maximum rate of 2,000 lb/hr.

× = × =C H 2,000 6,400 12,800,000

= × × ÷ =W C H( 0.75) 1,000 9,600

Example 3. An oil-fired boiler at maximum forcing uses
1,000 lb of crude oil (Texas)/hr.

× = × =C H 1,000 18,500 18,500,000

= × × ÷ =W C H( 0.75) 1,000 13,875

Example 4. A boiler fired with natural gas consumes
3,000 ft3/hr.

× = × =C H 3,000 960 2,880,000

= × × ÷ =W C H( 0.75) 1,000 2,160
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B-102 HEATS OF COMBUSTION OF FUELS
For the purpose of checking the pressure relief valve

capacity as described in B-100, the following values of
heats of combustion of various fuels may be used:

Material H = Btu/lb
Semibituminous coal 14,500
Anthracite 13,700
Screenings 12,500
Coke 13,500
Wood, hard or soft, kiln dried 7,700
Wood, hard or soft, air dried 6,200
Wood shavings 6,400

Table continued

Material H = Btu/lb
Peat, air dried, 25% moisture 7,500
Lignite 10,000
Kerosene 20,000
Petroleum, crude oil, Pennsylvania 20,700
Petroleum, crude oil, Texas 18,500
Natural gas 960
Blast-furnace gas 100
Producer gas 150
Water gas, uncarbureted 290
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NONMANDATORY APPENDIX C
EXAMPLES OF METHOD OF CALCULATING A WELDED RING

REINFORCED FURNACE

C-100 FOR A STEAM OR HOT WATER BOILER

(a) Design Data [HG-300(a)]. 30 psi pressure (250°F);
36 in. (Do) O.D.; 15 in. (L) center-to-center distance of rein-
forcing rings. Material is SA-285-C.
Use formulas from HG-312 where

Do = outside diameter of furnace, in.
Hr = height of stiffening ring, in.
L = center-to-center distance between two adjacent

stiffening rings, in.
P = design pressure, psi (30 psi min.) (per HG-300)
Tr = thickness of stiffening ring, in.
t = wall thickness of furnace, in.

(b) Selection of t and L (First Trial). Assume
t = 1∕4 in. and L = 15 in.
L/Do = 15∕36 = 0.417, Do/t = 36/0.25 = 144
Temperature: 500°F [see HG-312.1(b)]
Factor A = 0.0025 (from Section II, Part D, Subpart 3,

Figure G)
Factor B = 12,000 (from Section II, Part D, Subpart 3,

Figure CS-2)

= = =P B
D t

12,000
144

83 psia
o

(c) Selection of Tr and Hr (First Trial) [HG-312.4(b)].
Assume

= =T Hin. and 1.5 in.r r
5

16

= =×I 0.0879 in.0.3125 1.5
12

43

= × =A 0.3125 1.5 0.469 in.s
2

(d) Determination of Is (First Trial)

=
+

= ×
+

=B
PD

t
Factor

30 36

0.25
3,840o

A
L

0.469
15

s

From Figure CS-2,

=AFactor 0.00028

=

=

=

+

× +

( )

( )
I

0.109 in.

s
D L t A

14

36 15 0.25 0.00028

14
4

o
As
L

2

2 0.469
15

Since Is is greater than I (0.0879 in.4), the assumed rein-
forcing ring is not acceptable. (A ringwith a greater Imust
be selected or L must be reduced.)
(e) Selection of Tr and Hr (Second Trial). Assume

= = =T H L0.3125 in., 2.5 in., and 15 in.r r

= = 8.0
H
T

2.5
0.3125

r

r

= =×I 0.407 in.0.3125 2.5
12

43

= × =A 0.3125 2.5 0.781 in.s
2

(f) Determination of Is (Second Trial)

= ×
+

=BFactor
30 36

0.25
3,5750.781

15

From Figure CS-2,
=AFactor 0.00026

=

=

× +( )
I

0.109 in.

s
36 15 0.25 0.00026

14
4

2 0.781
15

Since I (0.407 in.4) is greater than Is, the assumed rein-
forcing ring is acceptable.
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C-101 FOR A HOT WATER BOILER

(a) Design Data. 100 psi working pressure (250°F); 30
in. (Do) O.D.; 30 in. (L) center-to-center distance of rein-
forcing rings. Material is SA-285-C.
Use formulas from HG-312 and same notation as in

C-100(a).
(b) Selection of t and L (First Trial). Assume
t = 1∕2 in. and L = 30 in.
L/Do = 30∕30 = 1 and Do/t = 30/0.500 = 60
Temperature: 500°F [see HG-312.1(b)]
Factor A = 0.003 (from Figure G)
Factor B = 12,300 (from Figure CS-2)

= = =P B
D t

12,300
60

205 psia
o

(c) Selection of Tr and Hr (First Trial). Assume

= =T Hin. and 2.25 in.r r
3
8

= =×I 0.356 in.0.375 2.25
12

43

= × =A 0.375 2.25 0.843 in.s
2

(d) Determination of Is (First Trial)

=

=

=

+
×

+

BFactor

5,681

PD

t

100 30

0.500

o
As
L

0.843
30

From Figure CS-2,
=AFactor 0.00042

=

=

=

+

× +

( )

( )
I

0.428 in.

s
D L t A

14

30 30 0.50 (0.00042)

14
4

o
As
L

2

2 0.843
30

Since Is is greater than I (0.356 in.4), the assumed rein-
forcing ring is not acceptable. (A ringwith a greater Imust
be selected or L must be reduced.)
(e) Selection of L (Second Trial). Assume

= = =L T H22 in., in., and 2.25 in.r
3
8

= = 6.0
H
T

2.25
0.375

r

r

= =L D 0.734o
22
30

= =D t 60o
30

0.500

(f) Determination of Is (Second Trial). FromFigure CS-2,
=BFactor 13,250

= =P 13,250 60 221 psia

=I 0.356 in. (as above)4

=A 0.843 in. (as above)s
2

= =×
+

BFactor 5,573100 30

0.500 0.843
22

From Figure CS-2,
=AFactor 0.00041

=

=

× +
I

0.312 in.

s
30 22(0.500 0.843 22)0.00041

14
4

2

Since Is is less than I (0.356 in.4), the assumed reinfor-
cing ring is acceptable.
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NONMANDATORY APPENDIX D
EXAMPLES OF METHODS OF COMPUTATION OF OPENINGS IN

BOILER SHELLS

D-100 PAD REINFORCED OPENING

(a) Design Data. A boiler shell has a 6 in. connection as
shown in FigureD-100. The shell has an inside diameter of
60 in., a thickness of 9∕16 in. and a working pressure of 160
psi. The shell and padmaterial are in accordance with SA-
285 Grade C.
(b) Wall Thickness Required (See HG-301)

=

= =

×
×

×
× ×

t

0.440 in.

r
P R

S E P0.6
160 30

11,000 1.0 0.6 160

(c) Size of Welds Required (See HW-731)
= × × =t wInner fillet weld 1.41 0.7 r 1

= × × =w 1.41 0.7 0.440 0.434 in.1

= × × =t wOuter fillet weld 1.41 0.5 r 2

= × × =w 1.41 0.5 0.440 0.310 in.2

A 1∕2 in. inner fillet weld and a 7∕16 in. outer fillet weld
meet these minimum requirements.

(d) Area of Reinforcement Required (See HG-321)
= × ×
= × × =

A d t F

7.50 0.440 1.0 3.300 in.
r

2

(e) Area of Reinforcement Provided (See HG-326)

=

= × × =( )
A E t Ft d( )

1.0 0.563 1.0 0.440 7.5 0.922 in.
r1 1

2

=

= =( )
( )A t d d

0.437 12.50 6.00 2.841 in.

e p o2
2

= × × + × ×

= × × + × × =

A w w2 2

2 0.500 2 0.437 0.441 in.

3
1
2 1

2 1
2 2

2

1
2

2 1
2

2 2

Total area + +(0.922 2.841 0.441) provided = 4.204 in.2
(f) Load to Be Carried by Welds (See HG-327.2)

= × ×
= × × =

W d t A S( )
(7.50 0.440 0.922) 11,000 26,160 lb

r 1

(g) Unit Stresses (See HW-730.2)
= ×
= = S

Shear in fillet weld 0.49 11,000
5,390 psi s

(h) Strength of Connection Elements
(1) Inner Weld w 1 in Shear

× × = × × ×
=

d w S 1.57 7.50 0.500 5,390

31,750 lb
s2 1

(2) Outer Weld w 2 in Shear

× × = × × ×
=

d w S 1.57 12.50 9.437 5,390

46,200 lb
p s2 2

D-101 NOZZLE REINFORCED OPENING

(a) Design Data. A 4 in. SA-53 schedule 80 pipe is
welded into a shell as shown in Figure D-101. The
shell has an inside diameter of 36 in., a thickness of

Figure D-100
Computation of Typical Pad Reinforcement
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7∕16 in., and a working pressure of 160 psi. The shell mate-
rial is in accordance with SA-285 Grade C.
(b) Wall Thickness Required (See HG-301)

=

= =×
× ×

t

0.264 in.

r
PR

SE P0.6
160 18

11,000 1.0 0.6 160

(c) Nozzle Thickness Required

=

= =×
× ×

t

0.032 in.

r n
PR

SE P0.6

160 1.913
9,600 1.0 0.6 160

(d) Size Weld Required (See HW-731)
= ×
= × =

t t 0.7

0.337 0.7 0.236 in.
c min

(e) Area of Reinforcement Required (See HG-321)

= +

= × ×

+

=

i
k
jjjj

y
{
zzzz

i
k
jjj y

{
zzz

A dt F t t F2 1

3.826 0.264 1.0

2(0.337)(0.264)(1.0) 1

1.033 in.

r n r
S
S

9,600
11,000

2

n

v

(f) Area of Reinforcement Provided (See HG-326)

=

= × ×
× × ×

×
=

i
k
jjjj

y
{
zzzzA E t Ft d t Et Ft( ) 2 ( ) 1

(1.0 0.438 1.0 0.264) 3.826
2.0 0.337 (1.0 0.438 1.0 0.264)
(0.127)

0.651 in.

r n r
S
S1 1

2

n

v

= +

= × + ×
=

i
k
jjjj

y
{
zzzzA t t t t( )(5 2 )

(0.337 0.032)(5.0 0.337 2.0 0)(0.873)

0.449 in.

n r n n e
S
S2

2

n

v

=
= × =

A leg

0.337 0.337 0.114 in.
3

2

2

= =A total reinforcement 1.214 in.T
2

AT > A (opening is reinforced)

(g) Load to Be Carried by the Welds (see HG-327.2)

= [ × ]
= [ × ×

× ]
=

W d t d d t t S( ) (2 )( ) (shell)
(4.50 0.264) (2.0 3.826 4.50)

(0.437 0.264) 11,000
7,035 lb

on r in on r

(h) Unit Stresses (See HW-730.2)
= ×
= = S

Shear in fillet weld 0.49 11,000
5,390 psi S

= ×
= = S

Tension in groove weld 0.74 11,000
8,140 psi t

= ×
= = S

Shear in nozzle wall 0.70 11,000
7,700 psi n

(i) Strength of Connection Elements (See HW-730.1)
(1) Fillet Weld in Shear

× × × = × × ×
=

d Sweld leg 1.57 4.5 0.337 5,390

12,833 lb
on s2

Figure D-101
Computation of a Typical Nozzle Fitting
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(2) Groove Weld in Tension

× × × = × × ×
=

d t S 1.57 4.5 0.437 8,140

25,100 lb
on t2

(3) Nozzle Wall Shear

× × ×
= × × ×
=

t Smean nozzle diam.

1.571 4.163 0.337 7,700
16,971 lb

n n2

Possible paths of failure are
(-a) through (1) and (2) above with a strength of

37,933 lb
(-b) through (1) and (3) above with a strength of

29,804 lb
Both paths are stronger than the required strength of

7,035 lb.
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NONMANDATORY APPENDIX E
TERMINOLOGY

E-100ð23Þ TERMS RELATING TO CERTIFICATION
Data Report, Manufacturer’s: a properly completed and
certified document, in hard copy or electronic form,
using the H-2, H-3 or HLW-6 Manufacturer’s Data
Report Form that documents the construction of a pres-
sure vessel of wrought materials or series of identical
pressure vessels of wrought materials as defined in
this Code.
Data Report, Manufacturer’s Master:
(a) a properly completed and certified document, in

hard copy or electronic form, using the H-2, H-3 or
HLW-6 Manufacturer’s Data Report Form with the
Manufacturer’s Master Data Report “YES” checkbox
checked that summarizes the construction of a pressure
vessel of wroughtmaterials or series of identical pressure
vessels of wrought materials having more than one asso-
ciatedManufacturer’s Data Report as defined in this Code.
(b) a properly completed and certified document, in

hard copy or electronic form, using the H-5 or H-5A
Manufacturer’s Data Report Form that records the
design pressure test results of a boiler or boiler parts
made from cast iron or cast aluminum as defined in
this Code.
Data Report, Manufacturer’s Modular Master: a properly
completed and certified document, in hard copy or elec-
tronic form, using theH-1Manufacturer’sModularMaster
Data Report Form that summarizes specific information
foreachmodule including theapplicable associatedmanu-
facturer’s data reports related to the individual boiler or
water heater modules.
Data Report, Manufacturer’s Partial: a properly completed
and certified document, in hard copy or electronic form,
using the H-4 or HLW-7 Manufacturer’s Partial Data
Report Form that documents all parts that require inspec-
tion under this Code that are fabricated by amanufacturer
other than the manufacturer of a completed boiler or
water heater constructed of wrought materials.
Form,Manufacturer’sDataReport:ahardcopyorelectron-
ic formused to generate oneof the types ofManufacturer’s
Data Reports per the requirements of this Code.

E-101 ð23ÞTERMS RELATING TO DESIGN
boiler, automatically fired: a boiler equippedwith ameans
of introducingheatorof causing fuel,whether solid, liquid,
gaseous, or electric, to be introduced into the boiler or
boiler furnace, the means being so regulated by the
rate of flow, the generating pressure, or temperature
of the boiler fluid or of a vessel or space being heated
as to maintain a determined, desired condition within
a designated tolerance.
boiler, electric, resistance heating element type: electric
boilers of the resistance heating element type are either:
(a) of a design where the electric resistance element is

directly attached to the external surface of the pressure
vessel; or
(b) an immersed type where the electric resistance

element is inserted through an opening in the pressure
vessel so that the element is in direct contact with the
water.
boiler, horizontal-return tubular: a firetube boiler
consisting of a cylindrical shell, with tubes inside the
shell attached to both end closures. The products of
combustion pass under the bottom half of the shell
and return through the tubes.
boiler, hot water heating: a boiler designed to heat water
for circulation through an external space heating system.
boiler, hot water supply: a boiler used to heat water for
purposes other than space heating.
boiler, modular: a steam or hot-water heating assembly
consisting of a grouping of individual boilers or individu-
ally fired sections calledmodules, intended to be installed
and operated as a unit, with no intervening stop valves
between the modules, with a single inlet and a single
outlet. Modules may be under one jacket or may be indi-
vidually jacketed.
boiler, steam heating: a boiler designed to convert water
into steam that is supplied to an external space heating
system.
boiler, vacuum: a factory-sealed steam boiler that is oper-
ated below atmospheric pressure.
bottomblowoff valve: a valve or cock located in the bottom
blowoff connection of a boiler that, when opened, permits
free passage of scale and sediment during the blowoff
operation.
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column, fluid relief: that piping, connected to the top of a
hotwaterheatingboiler,which is provided for the thermal
expansion of thewater. It will connect to either an open or
a closed expansion tank.
drain valve: a valve or cock located in a boiler connection
that, when opened, will drain the lowest water space
practicable.
electric boiler, submerged electrode type: a submerged
electrode type electric boiler incorporates a design
wherein two or more metallic electrodes are directly
suspended in the boiler water. When a source of electric
power is connected to the electrodes, current will flow
between the electrodes and through the water, thus
raising the temperature of the water to produce steam.
feedwater: water introduced into a boiler during opera-
tion. Feedwater includes makeup and return condensate
or return water.
flue: passage through which gases pass from the combus-
tion chamber or furnace to the venting system.
furnace: that part of a boiler in which combustion of fuel
takes place or in which primary furnace gases are
conveyed.
gases, primary furnace: gases in a zone where the antici-
pated temperature of the gas exceeds 850°F (450°C).
joints, swing: threaded, flanged, welded, or brazed pipe
and fittings so arranged that the piping system that
they comprise, when connected to a boiler, can expand
and contract without imposing excessive force on it.
makeupwater:water introduced into the boiler to replace
that lost or removed from the system.
pressure, design: the pressure used in the design of a boiler
for the purpose of calculating the minimum permissible
thickness or physical characteristics of the different parts
of the boiler.
pressure,maximumallowableworking: themaximumgage
pressure permissible in a completed boiler. The MAWP of
the completed boiler shall be less than or equal to the
lowest design pressure determined for any of its parts.
This pressure is based upon either proof tests or calcula-
tions for every pressure part of the boiler using nominal
thickness exclusive of allowances for corrosion and thick-
ness required for loadings other than pressure.
pressure, operating: the pressure of a boiler at which it
normally operates. It shall not exceed themaximumallow-
able working pressure and it is usually kept at a suitable
level below the setting of the pressure-relieving devices to
prevent their frequent opening.
siphon: a bentpipe or tube, betweena steampressure gage
and the steam connection on a boiler, so fabricated that it
contains a water seal that prevents steam entering the
Bourdon tube of the gage.

stress, maximum allowable: the maximum unit stress
permitted in a given material used under these rules.
surface, heating, square feet of: that area of the boiler
surface exposed to the products of combustion. In
computing the heating surface for the purpose of deter-
mining the pressure relief valve requirements, only the
tubes, fireboxes, shells, tubesheets, and the projected
area of the headers need be considered, except that for
vertical firetube boilers only that portion of the tube
surface up to the middle point of the gage glass is to
be computed.
thickness, required: theminimumthicknessdeterminedby
the formulas in this Code.
tube, fire: a hollow cylinder used for the conveyance of
gases, flame, or hot air.
tube, water: a hollow cylinder used for the conveyance of
liquids.
valve, relief: a spring-loaded pressure relief valve actuated
by the static pressure upstream of the valve. The valve
opens normally in proportion to the pressure increase
over the opening pressure. A relief valve is used primarily
with incompressible fluids.
valve, safety: a pressure relief valve characterized by rapid
opening (i.e., popping) and normally used to relieve
compressible fluids (i.e., gas or vapor).
valve, safety relief: a pressure relief valve characterized by
rapid opening (i.e., popping) or by gradual opening that is
generally proportional to the increase in pressure. It can
be used for compressible or incompressible fluids.
valve, temperature and pressure relief: a pressure relief
valve that may be actuated by pressure at the valve
inlet or by temperature at the valve inlet.
water heater: a vessel in which potable water is heated by
the combustion of fuel, by electricity, or by any other
source, and withdrawn for external use.
water heater, lined: a water heater with a corrosion resis-
tant lining designed to heat potable water.
water heater,modular: awater heater assembly consisting
of a grouping of individual water heaters called modules,
intended to be installed and operated as a unit with no
intervening stop valves between the modules, with a
single inlet and a single outlet. Modules may be under
one jacket or may be individually jacketed.
water heater, unlined: awater heatermade fromcorrosion
resistant materials designed to heat potable water.
water temperature, maximum: the maximum water
temperature permissible in a completed boiler or
water heater.
wet-bottom boiler: any type of boiler that has a stayed or
self-supporting, partially or fully water-cooled, shell or
furnace bottom.

ASME BPVC.IV-2023

217



E-102 TERMS RELATING TO WELDING
arc stud welding: an arc welding process wherein coales-
cence is produced byheatingwith an arc drawnbetween a
metal stud, or similar part, until the surfaces to be joined
are properly heated, when they are brought together
under pressure. Partial shielding may be obtained by
the use of a ceramic ferrule surrounding the stud.
Shielding gas or flux may or may not be used.
arcwelding: a group of welding processeswherein coales-
cence is produced by heating with an electric arc or arcs,
with or without the application of pressure and with or
without the use of filler metal.
atomic hydrogen welding: an arc welding process wherein
coalescence is produced by heating with an electric arc
maintained between two metal electrodes in an atmo-
sphere of hydrogen. Shielding is obtained from the
hydrogen. Pressure may or may not be used and filler
metal may or may not be used.
automaticwelding:weldingwithequipment thatperforms
the entire welding operation without constant observa-
tion and adjustment of the controls by an operator.
The equipment may or may not perform the loading
and unloading of the work.
backing: material (metal, weld metal, asbestos, carbon,
granular flux, etc.) backing up the joint during welding
to facilitate obtaining a sound weld at the root.
base metal: the metal to be welded or cut.
brazing: a group of metal-joining processes wherein
coalescence is produced by heating to suitable tempera-
tures above 800°F (425°C) andbyusing anonferrous filler
metal, having a melting point below that of the base
metals. The filler metal is distributed between the
closely fitted surfaces of the joint by capillary attraction.
butt joint: a joint between two members lying approxi-
mately in the same plane.
corner joint: a joint between two members located
approximately at right angles to each other in the form
of an L.
double-welded butt joint: a butt joint welded from both
sides.
double-welded lap joint: a lap joint inwhich theoverlapped
edges of the members to be joined are welded along the
edges of both members.
edge joint: a joint between the edges of two or more
parallel or nearly parallel members.
filler metal: metal to be added in making a weld.
fillet weld: a weld of approximately triangular cross
section joining two surfaces approximately at right
angles to each other in a lap joint, tee joint, or corner joint.

flux cored arc welding (FCAW): a gas metal arc welding
process that produces coalescence of metals by heating
them with an arc between a continuous filler metal
(consumable) electrode and the work. Shielding is
provided by a flux contained within the tubular electrode.
Additional shielding may or may not be obtained from an
externally supplied gas or gas mixture.
flux coredarcwelding-electrogas (FCAW-EG):avariationof
the flux cored arcwelding process inwhichmolding shoes
areused to confine themoltenweldmetal for vertical posi-
tion welding. Additional shielding may or may not be
obtained from an externally supplied gas or gas mixture.
flux cored electrode: a composite filler metal electrode
consisting of a metal tube or other hollow configuration
containing ingredients to provide such functions as
shielding atmosphere, deoxidation, arc stabilization,
and slag formation. Alloying materials may be included
in the core. External shielding may or may not be used.
full fillet weld: a fillet weldwhose size is equal to the thick-
ness of the thinner member joined.
gas metal arc welding-electrogas (GMAW-EG): a variation
of the gas metal arc welding process using molding shoes
to confine the molten weld metal for vertical position
welding.
gas tungsten-arc welding: an arc welding process wherein
coalescence is produced by heating with an electric arc
between a single tungsten (nonconsumable) electrode
and the work. Shielding is obtained from a gas or gas
mixture (which may contain an inert gas). Pressure
may or may not be used. Filler metal may or may not
be used. (This process has sometimes been called TIG
Welding.)
gaswelding: a group ofwelding processeswherein coales-
cence is produced by heating with a gas flame or flames
with or without the application of pressure, and with or
without the use of filler metal.
joint efficiency: the efficiencyof awelded joint is expressed
as a numerical (decimal) quantity and is used in the design
of a joint as amultiplier of theappropriate allowable stress
taken from Section II, Part D, Table 6A or Table 6B.
joint penetration: the minimum depth a groove weld
extends from its face into a joint , exclusive of
reinforcement.
lap joint: a joint between two overlapping members.
machine welding: welding with equipment that performs
the welding operation under the observation and control
of an operator. The equipment may or may not perform
the loading and unloading of the work.
manual welding: welding wherein the entire welding
operation is performed and controlled by hand.
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oxyacetylene welding: a gas welding process wherein
coalescence is produced by heating with a gas flame or
flames obtained from the combustion of acetylene with
oxygen, with or without the application of pressure
and with or without the use of filler metal.
oxygen cutting: a group of cutting processes wherein the
severing of metals is affected by means of the chemical
reaction of oxygen with the base metal at elevated
temperatures. In the case of oxidation resistant metals,
the reaction is facilitated by use of a flux or metal powder.
oxyhydrogen welding: a gas welding process wherein
coalescence is produced by heating with a gas flame or
flames obtained from the combustion of hydrogen with
oxygen, without the application of pressure and with
or without the use of filler metal.
plasma arc welding: a gas tungsten arc welding process
wherein coalescence is produced by heating with a
constricted arc between an electrode and workpiece
(transferred arc) or the electrode and the constricting
nozzle (nontransferred arc). Shielding is obtained from
hot ionizedgas issuing fromtheorifice thatmaybesupple-
mented by an auxiliary source of shielding gas. Shielding
gasmaybean inert gas or amixtureof gases, pressuremay
or may not be used, and filler metal may or may not be
used.
pressure gas welding: a gas welding process wherein
coalescence is produced simultaneously over the entire
area of abutting surfaces, by heating with a gas flame
or flames obtained from combustion of hydrogen with
oxygen, without the application of pressure, and with
or without the use of filler metal.
pressurewelding: anywelding process ormethodwherein
pressure is used to complete the weld.
projectionwelding (PW): a resistanceweldingprocess that
produces coalesence by the heat obtained from the resis-
tance of the flow of welding current. The resulting welds
are localized at predetermined points by projections,
embossments, or intersections. The metals to be joined
lap over each other.
reinforcement of weld: weld metal on the face of a groove
weld in excess of the metal necessary for the specified
weld size.
resistance seam welding (RSEW): a resistance welding
process that produces coalesence of overlapped parts
at the faying surfaces progessively along the length of
a joint. The weld may be made with overlapping
nuggets, a continuous weld nugget, or by forging the
joint as it is heated to the welding temperature by resis-
tance to the flow of welding current.
resistance spot welding (RSW): a resistance welding
process that produces coalesence at the faying surfaces
of overlapped parts by the heat obtained from resistance
of the work to the flow of welding current in a circuit of

which the work is a part, and by the application of
pressure.
resistance stud welding: a resistance welding process
wherein coalescence is produced by the heat obtained
from resistance to electric current at the interface
between the stud and the work piece, until the surfaces
to be joined are properly heated, when they are brought
together under pressure.
resistancewelding (RW):a groupofweldingprocesses that
produces coalescence of overlapping faying surfaces with
theheatobtained fromresistanceof thework to the flowof
current in a circuit of which the work is a part, and by the
application of pressure.
seal weld: any weld used primarily to obtain tightness.
semiautomatic arc welding: arc welding with equipment
that controls only the filler metal feed. The advance of the
welding is manually controlled.
shielded metal-arc welding: an arc welding process
wherein coalescence is produced by heating with an elec-
tric arc between a covered metal electrode and the work.
Shielding is obtained from decomposition of the electrode
covering. Pressure is not used and filler metal is obtained
from the electrode.
single-welded butt joints: a butt joint welded fromone side
only.
single-welded lap joint: a lap joint in which the overlapped
edges of the members to be joined are welded along the
edge of one member.
size of equal-leg fillet welds: the leg length of the largest
isosceles right triangle that can be inscribed within the
fillet weld cross section.
size of groove weld: the joint penetration (depth of cham-
fering plus the root penetration when specified).
size of unequal-leg filletwelds: the leg lengths of the largest
right triangle that can be inscribed within the fillet weld
cross section.
submerged arc welding: an arc welding process wherein
coalescence is produced by heating with an electric arc or
arcs between a baremetal electrode or electrodes and the
work. The welding is shielded by a blanket of granular,
fusible material on the work. Pressure is not used and
filler metal is obtained from the electrode and sometimes
from a supplementary welding rod.
tee joint: a joint between two members located approxi-
mately at right angles to each other in the form of a T.
thermit welding: a group of welding processes wherein
coalescence is produced by heating with superheated
liquid metal and slag resulting from a chemical reaction
between ametal oxide and aluminum,with orwithout the
application of pressure. Filler metal, when used, is
obtained from the liquid metal.
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throat of a filletweld, actual: the shortest distance from the
root of a fillet weld to its face.
throat of a fillet weld, theoretical: the distance from the
beginning of the root of the joint perpendicular to the
hypotenuse of the largest right triangle that can be
inscribed within the fillet weld cross section.
undercut: a groove melted into the base metal adjacent to
the toe of a weld and left unfilled by weld metal.
weld:a localizedcoalescenceofmetalwhereincoalescence
is produced by heating to suitable temperatures, with or
without the application of pressure and with or without

the use of filler metal. The filler metal has a melting point
approximately the same as the base metals.
weld metal: that portion of a weld that has been melted
during welding.
welded joint:aunionof twoormoremembersproducedby
the application of a welding process.
welder: one who is capable of performing a manual or
semiautomatic welding operation.
welding operator:onewhooperatesmachine or automatic
welding equipment.
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NONMANDATORY APPENDIX F
QUALITY CONTROL SYSTEM

F-100 GENERAL

F-100.1 Quality Control System. The manufac-
turer or assembler shall have and maintain a quality
control system that will establish that all Code require-
ments includingmaterial, design, fabrication, examination
(by the manufacturer), and inspection (by the Authorized
Inspector) for boilers and water heaters constructed
primarily of wrought materials will be met.
Provided that Code requirements are suitably identi-

fied, the system may include provisions for satisfying
any requirements by the manufacturer or user that
exceed minimum Code requirements and may include
provisions for quality control of non-Code work. In
such systems, the manufacturer may make changes in
parts of the system that do not affect the Code require-
ments without securing acceptance by the Authorized
Inspector.
The system that the manufacturer uses to meet the re-

quirementsof this Sectionmustbeonesuitable forhisown
circumstances. The necessary scope and detail of the
system shall depend upon the complexity of the work
performed and upon the size and complexity of themanu-
facturer’s organization. A written description of the
system the manufacturer will use to produce a Code
item shall be available for review. Depending upon the
circumstances, the description may be brief or
voluminous.
The written description may contain information of a

proprietary nature relating to the manufacturer’s
processes. Therefore, theCodedoesnot require anydistri-
bution of this information, except for the Authorized
Inspector or ASME Designee, as covered by F-202.10.
It is intended that information learned about the
quality control system in connection with evaluation
will be treated as confidential and that all loaned descrip-
tions will be returned to the manufacturer upon comple-
tion of the evaluation.

F-202 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
should be covered in the written description of the
quality control system and that is equally applicable to
both shop and field work.

F-202.1 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.

F-202.2 Organization. An organization chart
showing the relationship betweenmanagement and engi-
neering, purchasing, manufacturing, field assembling,
inspection, and quality control, is required to reflect
the actual organization. The purpose of this chart is to
identify and associate the various organizational
groups with the particular function for which they are
responsible. The Code does not intend to encroach on
the manufacturer’s right to establish, and from time to
time, alter whatever form of organization the manufac-
turer considers appropriate for its Code work.

F-202.3 Drawings, Design Calculations, and
Specification Control. The manufacturer’s or assem-
bler’s quality control system shall provide procedures
that will insure that the latest applicable drawings,
design calculations, specifications, and instructions
required by the Code, as well as authorized changes,
are used for manufacture, assembly, examination, inspec-
tion, and testing.

F-202.4 Material Control. The Manufacturer or
assembler shall include a system of receiving control
that requires verification that the material received
conforms to order requirements and that the identifica-
tion of thematerials corresponds to thematerial certifica-
tions ormaterial test reports. The system shall ensure that
only the intended material is used in Code construction.
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F-202.5 Examination and Inspection Program.
The Manufacturer’s quality control system shall describe
the fabrication operations, including examinations, suffi-
ciently to permit theAuthorized Inspector to determine at
what stages specific inspections are to be performed.

F-202.6 Correction of Nonconformities. There
shall be a system agreed upon with the Authorized
Inspector for correction of nonconformities. A nonconfor-
mity condition is a condition that doesnot complywith the
applicable rules of this Section. Nonconformities must be
correctedor eliminated in somewaybefore the completed
component can be considered to complywith this Section.

F-202.7 Welding or Brazing. The quality control
system shall include provisions for indicating that
welding or brazing conforms to requirements of
Section IX as supplemented by this Section.

F-202.8 Calibration of Measurement and Test
Equipment. The Manufacturer or assembler shall
have a system for the calibration of examination,
measuring, and testing of equipment used in fulfillment
of requirements of this Section.

F-202.9 Sample Forms. The forms used in the
quality control system and any detailed procedures for
theiruse shall beavailable for review.Thewrittendescrip-
tion shall make necessary references to these forms.

F-202.10 Authorized Inspector.

F-202.10.1 The Authorized Inspector is the ASME
Code Inspector defined in HG-515.3.

F-202.10.2 The written description of the quality
control system shall include reference to the Authorized
Inspector.

F-202.10.2.1 The Manufacturer shall make
ava i lab le to the Author ized Inspec tor a t the
Manufacturer’s plant a copy of the written description
of the quality control system.

F-202.10.2.2 The Manufacturer’s quality
control system shall provide for the Authorized
Inspector at the Manufacturer’s plant to have access to
all drawings, calculations, specifications, procedures,
process sheets, repair procedures, records, test results,
and any other documents as necessary for the
Authorized Inspector to perform his duties in accordance
with this Section. The Manufacturer may provide such
access either to his own files of such documents or by
providing copies to the Authorized Inspector.

F-202.11 Certifications. Methods other than
writtensignaturemaybeused for indicating certifications,
authorizations, and approval where allowed and as
described elsewhere in this section. Where other
methods are employed, controls and safeguards shall
be provided and described to ensure the integrity of
the certification, authorization, and approval.
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NONMANDATORY APPENDIX H
ð23ÞLIST OF ABBREVIATIONS AND ADDRESSES

ANSI = American National Standards Institute
25 West 43rd Street, New York, NY 10036

ASHRAE = American Society of Heating, Refrigerating
and Air Conditioning Engineers
180 Technology Parkway NW, Peachtree
Corners, GA 30092

ASTM = American Society for Testing and Materials
100BarrHarborDrive,West Conshohocken,
PA 19428

CSA = CSA International
178 Rexdale Boulevard, Toronto, Ontario,
Canada M9W 1R3;
8501 East Pleasant Valley Road, Cleveland,
OH 44131

NEC = National Electric Code NFPA 70
National Fire Protection Association
International
1 Batterymarch Park, Quincy, MA 02169

NSFI = N a t i o n a l S a n i t a t i o n F o u n d a t i o n
International
789 North Dixboro Road, Ann Arbor, MI
48105

UL = Underwriters Laboratories, Inc.
333 Pfingsten Road, Northbrook, IL 60062
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NONMANDATORY APPENDIX K
GUIDE TO INFORMATION APPEARING ON CERTIFICATE OF

AUTHORIZATIONð23Þ

Reference to
Circled

Numbers in
Figure K-1 Description

(1) Certification Mark granted by the Society, i.e., H Heating Boilers and HLW Water Heaters.
(2) a. The name of the Manufacturer or Assembler.

b. The full street address, city, state or province, country, and zip code.
(3) This section describes the scope and limitations, if any, on use of the Certification Mark and designators, as illustrated

belowby some examples of scope statements. Field site Certificate of Authorization applies to items that are fabricated
or assembled at a field site and is not intended to apply to items at any shop location.

Certification Mark With H Designator
– Heating boilers, except cast iron and cast aluminum, at the above location only.
– Heating boilers, except cast iron and cast aluminum, at the above location only. (This authorization includes multiple
duplicate heating boilers.)

–Heatingboilers, except cast ironand cast aluminum, at the above location. (This authorizationdoesnot coverweldingor
brazing.)

–Heatingboilers, except cast ironandcast aluminum,at theabove locationand field sites controlledby theabove location.
– Heating boilers, cast iron only, at the above location only. (Assembly)
– Heating boilers, except cast iron and cast aluminum at field sites controlled by the above location only.
– Heating boilers, except cast iron and cast aluminum, at the above location only. (This authorization includes multiple
duplicate heating boilers and does not include welding or brazing.)

– Heating boilers, cast iron only, at the above location only. (Foundry)
– Heating boilers, cast iron only, at the above location only. (Foundry and Assembly)
–Heating boilers, cast irononly, at the above location only. (Installation of nameplate only, does not include assembly and
hydrostatic test.)

– Heating boilers, cast aluminum only, at the above location only. (Assembly)
– Heating boilers, cast aluminum only, at the above location only. (Foundry)
– Heating boilers, cast aluminum only, at the above location only. (Foundry and Assembly)
– Heating boilers, cast aluminum only, at the above location only. (Installation of nameplate only, does not include
assembly and hydrostatic test)

Certification Mark With HLW Designator
– Potable water heaters at the above location only.
–Potablewaterheatersat theabove locationonly. (This authorization includesmultipleduplicatepotablewaterheaters.)
– Potable water heaters at the above location and field sites controlled by the above location.
– Potable water heaters at the above location only. (This authorization does not cover welding or brazing.)
– Potable water storage tanks at the above location only.
– Potable water storage tanks at the above location only (This authorization includes multiple duplicate potable water
storage tanks.)

– Potable water storage tanks at the above location and field sites controlled by the above location.
– Potable water storage tanks at the above location only. (This authorization does not cover welding or brazing.)
– Potable water heaters and potable water storage tanks at the above location only.
– Potablewater heaters and potablewater storage tanks at the above location only. (This authorization includesmultiple
duplicate potable water heaters and potable water storage tanks.)
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Reference to
Circled

Numbers in
Figure K-1 Description

Certification Mark With HLW Designator (Cont’d)
– Potable water heaters and potable water storage tanks at the above location and field sites controlled by the above
location.

– Potable water heaters and potable water storage tanks at the above location only. (This authorization does not cover
welding or brazing.)

Certification Mark With PRT IV Designator [Note (1)]
– Manufacture and assembly of parts without design responsibility at the above location only.
– Manufacture and assembly of parts without design responsibility at the above location and field sites controlled by the
above location.

(4) The date authorization was granted by the Society to use the appropriate Certification Mark.
(5) The date authorization to use the appropriate Certification Mark will expire.
(6) A unique Certificate number assigned by the Society.
(7), (8) The signatures of the current chair and managing director.

NOTE: (1) Scope statements for PRT Certificates of Authorization may include other ASME Boiler and Pressure Vessel Code Sections consistent
with qualification in accordance with those Code sections.
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Figure K-1
Sample Certificate of Authorization

SAM
PLE

CERTIFICATE OF
AUTHORIZATION

CERTIFICATION MARK

The named company is authorized by The American Society of Mechanical 
Engineers (ASME) for the scope of activity shown below in accordance with the 
applicable rules of the ASME Boiler and Pressure Vessel Code. The use of the 
Certification Mark and the authority granted by this Certificate of Authorization are 
subject to the provisions of the agreement set forth in the application. Any 
construction stamped with this Certification Mark shall have been built strictly in 
accordance with the provisions of the ASME Boiler and Pressure Vessel Code.

COMPANY:

SCOPE:

AUTHORIZED:

EXPIRES:

CERTIFICATE NUMBER:

CHAIR, BOARD ON CONFORMITY ASSESSMENT

MANAGING DIRECTOR, CONFORMITY ASSESSMENT
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NONMANDATORY APPENDIX M
GUIDANCE FOR THE USE OF U.S. CUSTOMARY AND SI UNITS IN

THE ASME BOILER AND PRESSURE VESSEL CODE

M-100 USE OF UNITS IN EQUATIONS
The equations in this Section are suitable for use with

either the U.S. Customary or the SI units provided in
Mandatory Appendix 6, or with the units provided in
the nomenclatures associated with the equations. It is
the responsibility of the individual and organization
performing the calculations to ensure that appropriate
units are used. Either U.S. Customary or SI units may
be used as a consistent set. When necessary to convert
from one system of units to another, the units shall be
converted to at least three significant figures for use in
calculations and other aspects of construction.

M-200 GUIDELINES USED TO DEVELOP SI
EQUIVALENTS

The following guidelines were used to develop SI
equivalents:
(a) SI units are placed in parentheses after the U.S.

Customary units in the text.
(b) In general, separate SI tables are provided if inter-

polation is expected. The table designation (e.g., table
number) is the same for both the U.S. Customary and
SI tables, with the addition of suffix “M” to the designator
for the SI table, if a separate table is provided. In the text,
references to a table use only the primary table number
(i.e., without the “M”). For some small tables, where inter-
polation is not required, SI units are placed in parentheses
after the U.S. Customary unit.
(c) Separate SI versions of graphical information

(charts) are provided, except that if both axes are dimen-
sionless, a single figure (chart) is used.
(d) In most cases, conversions of units in the text were

done using hard SI conversion practices, with some soft
conversions on a case-by-case basis, as appropriate. This
was implementedby rounding the SI values to the number
of significant figures of implied precision in the existing
U.S. Customary units. For example, 3,000 psi has an
implied precision of one significant figure. Therefore,
the conversion to SI units would typically be to 20 000
kPa. This is a difference of about 3% from the “exact”
or soft conversion of 20684.27 kPa. However, the preci-
sion of the conversion was determined by the Committee
on a case-by-case basis. More significant digits were

included in the SI equivalent if there was any question.
The values of allowable stress in Section II, Part D gener-
ally include three significant figures.
(e) Minimum thickness and radius values that are

expressed in fractions of an inchwere generally converted
according to the following table:

Fraction, in.
Proposed SI Conversion, mm Difference,

%
1∕32 0.8 −0.8
3∕64 1.2 −0.8
1∕16 1.5 5.5
3∕32 2.5 −5.0
1∕8 3 5.5
5∕32 4 −0.8
3∕16 5 −5.0
7∕32 5.5 1.0
1∕4 6 5.5
5∕16 8 −0.8
3∕8 10 −5.0
7∕16 11 1.0
1∕2 13 −2.4
9∕16 14 2.0
5∕8 16 −0.8
11∕16 17 2.6
3∕4 19 0.3
7∕8 22 1.0
1 25 1.6

(f) For nominal sizes that are in even increments of
inches, even multiples of 25 mm were generally used.
Intermediate values were interpolated rather than
converting and rounding to the nearestmm. See examples
in the following table. [Note that this table does not apply
to nominal pipe sizes (NPS), which are covered below.]

Size, in. Size, mm
1 25
11∕8 29
11∕4 32
11∕2 38
2 50
21∕4 57
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Table continued

Size, in. Size, mm
21∕2 64
3 75
31∕2 89
4 100
41∕2 114
5 125
6 150
8 200
12 300
18 450
20 500
24 600
36 900
40 1000
54 1350
60 1500
72 1800

Size or Length, ft Size or Length, m
3 1
5 1.5

200 60

(g) For nominal pipe sizes, the following relationships
were used:

U.S. Customary
Practice SI Practice

U.S. Customary
Practice SI Practice

NPS 1∕8 DN 6 NPS 20 DN 500
NPS 1∕4 DN 8 NPS 22 DN 550
NPS 3∕8 DN 10 NPS 24 DN 600
NPS 1∕2 DN 15 NPS 26 DN 650
NPS 3∕4 DN 20 NPS 28 DN 700
NPS 1 DN 25 NPS 30 DN 750
NPS 11∕4 DN 32 NPS 32 DN 800
NPS 11∕2 DN 40 NPS 34 DN 850
NPS 2 DN 50 NPS 36 DN 900
NPS 21∕2 DN 65 NPS 38 DN 950
NPS 3 DN 80 NPS 40 DN 1000
NPS 31∕2 DN 90 NPS 42 DN 1050
NPS 4 DN 100 NPS 44 DN 1100
NPS 5 DN 125 NPS 46 DN 1150
NPS 6 DN 150 NPS 48 DN 1200
NPS 8 DN 200 NPS 50 DN 1250
NPS 10 DN 250 NPS 52 DN 1300
NPS 12 DN 300 NPS 54 DN 1350
NPS 14 DN 350 NPS 56 DN 1400
NPS 16 DN 400 NPS 58 DN 1450
NPS 18 DN 450 NPS 60 DN 1500

(h) Areas in square inches (in.2) were converted to
square millimeters (mm2), and areas in square feet
(ft2) were converted to square meters (m2). See examples
in the following table:

Area (U.S. Customary) Area (SI)
1 in.2 650 mm2

6 in.2 4000 mm2

10 in.2 6500 mm2

5 ft2 0.5 m2

(i) Volumes in cubic inches (in.3) were converted to
cubic millimeters (mm3), and volumes in cubic feet
(ft3) were converted to cubic meters (m3). See examples
in the following table:

Volume
(U.S. Customary) Volume (SI)

1 in.3 16 000 mm3

6 in.3 100 000 mm3

10 in.3 160 000 mm3

5 ft3 0.14 m3

(j) Although the pressure should always be in MPa for
calculations, there are cases where other units are used in
the text. For example, kPa is used for small pressures. Also,
roundingwas to one significant figure (two at themost) in
most cases. See examples in the following table. (Note that
14.7 psi converts to 101 kPa, while 15 psi converts to 100
kPa.While thismayseemat first glance tobeananomaly, it
is consistent with the rounding philosophy.)

Pressure
(U.S. Customary) Pressure (SI)

0.5 psi 3 kPa
2 psi 15 kPa
3 psi 20 kPa
10 psi 70 kPa
14.7 psi 101 kPa
15 psi 100 kPa
30 psi 200 kPa
50 psi 350 kPa
100 psi 700 kPa
150 psi 1 MPa
200 psi 1.5 MPa
250 psi 1.7 MPa
300 psi 2 MPa
350 psi 2.5 MPa
400 psi 3 MPa
500 psi 3.5 MPa
600 psi 4 MPa
1,200 psi 8 MPa
1,500 psi 10 MPa
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(k) Material properties that are expressed in psi or ksi
(e.g., allowable stress, yield and tensile strength, elastic
modulus)were generally converted toMPa to three signif-
icant figures. See example in the following table:

Strength
(U.S. Customary) Strength (SI)
95,000 psi 655 MPa

(l) In most cases, temperatures (e.g., for PWHT) were
rounded to the nearest 5°C. Depending on the implied
precision of the temperature, some were rounded to
the nearest 1°C or 10°C or even 25°C. Temperatures
colder than 0°F (negative values) were generally
rounded to the nearest 1°C. The examples in the table
below were created by rounding to the nearest 5°C,
with one exception:

Temperature, °F Temperature, °C
70 20
100 38
120 50
150 65
200 95
250 120
300 150
350 175
400 205
450 230
500 260
550 290
600 315
650 345
700 370
750 400
800 425
850 455
900 480
925 495
950 510
1,000 540
1,050 565
1,100 595
1,150 620
1,200 650
1,250 675
1,800 980
1,900 1040
2,000 1095

Table continued

Temperature, °F Temperature, °C
2,050 1120

M-300 SOFT CONVERSION FACTORS
The following table of “soft” conversion factors is

provided for convenience. Multiply the U.S. Customary
value by the factor given to obtain the SI value.
Similarly, divide the SI value by the factor given to
obtain the U.S. Customary value. In most cases it is appro-
priate to round the answer to three significant figures.

U.S.
Customary SI Factor Notes
in. mm 25.4 …
ft m 0.3048 …
in.2 mm2 645.16 …
ft2 m2 0.09290304 …
in.3 mm3 16,387.064 …
ft3 m3 0.02831685 …
U.S. gal m3 0.003785412 …
U.S. gal liters 3.785412 …
psi MPa

(N/mm2)
0.0068948 Used exclusively

in equations
psi kPa 6.894757 Used only in text

and for
nameplate

psi bar 0.06894757 …
ft-lb J 1.355818
°F °C 5∕9 × (°F −32) Not for

temperature
difference

°F °C 5∕9 For temperature
differencesonly

°R K 5∕9 Absolute
temperature

lbm kg 0.4535924 …
lbf N 4.448222 …
in.-lb N·mm 112.98484 Use exclusively in

equations
ft-lb N·m 1.3558181 Use only in text

ksi in. MPa m 1.0988434 …

Btu/hr W 0.2930711 Use for boiler
rating and heat
transfer

lb/ft3 kg/m3 16.018463 …
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NONMANDATORY APPENDIX N
GUIDE TO MANUFACTURER’S CERTIFICATE OF CONFORMANCE

FOR PRESSURE RELIEF VALVES

The information formerly in this Appendix has been
moved to Section XIII, Nonmandatory Appendix C.
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NONMANDATORY APPENDIX P
GUIDE TO THE RELOCATION OF OVERPRESSURE PROTECTION

REQUIREMENTS ð23Þð23Þ

DELETED
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ENDNOTES

1 In order to ensure that a finished head is not less than the minimum thickness required, it is customary to use a
thickerplate to takecareofpossible thinningduring theprocessof forming.Theneckofanopening inaheadwithan
integrally flanged openingwill thin out due to the fluing operation. This is permissible, provided the neck thickness
is not less than theminimum thickness specified inHG-301 or the thickness required for a cylindrical shell having a
diameter equal to the maximum diameter of the opening. (See HG-323.)

2 The formulas provide safe construction as far as stress is concerned. Greater thicknesses may be necessary if
deflection would cause leakage at threaded or gasketed joints.

3 Therules governingopeningsasgiven in thisCodearebasedon the stress intensification createdby theexistenceof
a hole in an otherwise symmetrical section. They are basedonexperiencewith vessels designedwith a safety factor
of five applied to the specifiedminimumtensile strengthof the shellmaterial. External loadings suchas thosedue to
thermal expansionor tounsupportedweight of connectingpipinghavenot beenevaluated. These factors shouldbe
given attention in unusual designs or under conditions of cyclic loading.

4 Typical examples of the application of these rules are given in Nonmandatory Appendix D.
5 Theopeningmadebyapipeora circularnozzle, theaxisofwhich isnotperpendicular to theboilerwall orhead,may
be considered an elliptical opening for design purposes.

6 An obround opening is one that is formed by two parallel sides and semicircular ends.
7 Suggested installation practices for the secondary side of heat exchangers.
8 The foundry that casts the boiler parts or sections and that may shop assemble.
9 May be etched.
10 May be stamped.
11 See HG-515.4 for additional requirements applicable to multiple, duplicate pressure vessel fabrication.
12 Examples of these nationally recognized standards are:

American National Standard/CSA Standard Z21.13/CSA 4.9 for Gas-Fired Low Pressure Steam and Hot Water
Boilers.
American National Standard/CSA Standard Z21.17/CSA 2.7 for Domestic Gas Conversion Burners.
American National Standard/ASME CSD-1, Controls and Safety Devices for Automatically Fired Boilers.
National Fire Protection Association Code/NFPA 85, Boiler and Combustion Systems Hazards Code.
Underwriters Laboratories, Inc., UL 296, Standards for Safety, Oil Burners.
Underwriters Laboratories, Inc., UL 726, Standards for Safety, Oil Fired Boiler Assemblies.
Underwriters Laboratories, Inc., UL 795, Standards for Safety, Commercial–Industrial Gas-Heating Equipment.
Underwriters Laboratories, Inc., UL 834, Electric Heating, Water Supply and Power Boilers.

13 See Nonmandatory Appendix H.
14 A certifying organization is one that provides uniform testing, examination, and listing procedures under estab-

lished, nationally recognized standards and that is acceptable to the authorities having jurisdiction.
15 The top or side of the boiler shall mean the highest practicable part of the boiler proper but in no case shall the

pressure relief valve be located below the normal operating level and in no case shall the pressure relief valve be
located below the lowest permissible water level.

16 Guidance for the design of piping systems may be found in ASME B31.9, Building Services Piping.
17 Plumbing codes 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.
18 These are pressure parts that comply with some ASME product standard accepted by reference in

Mandatory Appendix 2. The ASME product standard establishes the basis for the pressure–temperature
rating and marking.

19 These are pressure parts that complywith an ASME product standard not referenced inMandatory Appendix 2, or
in accordance with a parts Manufacturer’s or the Boiler Manufacturer’s standard that defines the pressure–
temperature rating described in the part literature. The part literature shall specify, as a minimum, the material
specification andpressure-temperature rating. TheManufacturer of the completed vessel shall satisfy him/herself
that all such parts used complywith the applicable rules of this Section and are suitable for the design conditions of
the completed vessel.
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20 Arc andgasweldedpipe for use as the shell of a boiler shall be subject to the same requirements as a shell fabricated
from plate, including inspection at the point of manufacture and Manufacturer’s Partial Data Reports.

21 The pressure differential method is described in Materials and Research Standards, Vol. 1, No. 7, July 1961,
published by ASTM.

22 Theseminimumthicknesses forpressure shall notbe less thanrequiredbydesign formulas inPartHG,Article3, nor
less than those thicknesses established by proof testing in Part HG, Article 5.

23 It isnot the intentof thisparagraph to requiremeasurementof reductions in thicknessdue to theweldingprocess. If
a disagreement between the Manufacturer and the Inspector exists as to the acceptability of any reduction in
thickness, the depth shall be verified by actual measurement.

24 Flux residues can be extremely corrosive as well as interfere with visual inspection.
25 Example: If Class 20, Test Bar A, castings alone are beingmade, one test shall bemade on eachmelt on Test Bar A. If

Class 20, controlling sections A andB castings (that is, light andmedium sections) aremade from the samemelt (or
mixture), then Test Bars A and B shall be made and tested. In all cases, test bars corresponding to the different
tensile classes (Nos. 20, 30, and 40) and controlling sections (A, B, and C)must bemade and tested to correspond to
the classes of iron specified for the castings, and the controlling sections thereof.

26 The use of ball and socket holders in the tensile strength test is recommended. Testsmade under conditionswhere
eccentric loadings may occur will give erroneous results.

27 The specified tensile strength is the tensile strength for the class of iron set forth in Table HC-300.
28 In Article 5, the Manufacturer referred to is the foundry who casts the boiler part or section and who may shop

assemble it.
29 Military specification is available from Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue,

Philadelphia, PA 19111-5094.
30 Examples of these nationally recognized standards that are currently effective:

ANSI/UL 732, Standard for Oil-Fired Storage Tank Water Heaters.
American National Standard/CSA Standard ANSI Z21.10.3/CSA 4.3 for Gas Water Heaters, Volume III, Storage
Water Heaters With Input Ratings Above 75,000 Btu Per Hour, Circulating and Instantaneous.
Underwriters Laboratories, Inc., UL 795, Standards for Safety, Commercial-Industrial Gas-Heating Equipment.
Underwriters Laboratories, Inc., UL 1453, Standards for Safety, Electric Booster and Commercial Storage Tank
Water Heaters.
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