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ð25ÞFOREWORD*

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee to
formulate standardrules for the constructionof steamboilersandotherpressurevessels. In2009, theBoiler andPressure
Vessel Committee was superseded by the following committees: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.
The Committee’s function is to establish rules of safety relating to pressure integrity. The rules govern the construc-

tion** of boilers, pressure vessels, transport tanks, and nuclear components, and the inservice inspection of nuclear
components and transport tanks. For nuclear items other than pressure-retaining components, the Committee also
establishes rules of safety related to structural integrity. The Committee also interprets these rules when questions
arise regarding their intent. The technical consistency of the Sections of the Code and coordination of standards devel-
opment activities of the Committees is supported and guided by the Technical Oversight Management Committee. The
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 and, for nuclear items other than pressure-retaining components, structural integrity.
Except for SectionsXI andXII, andwitha fewotherexceptions, the rulesdonot, of practical necessity, reflect the likelihood
and consequences of deterioration in service related to specific service fluids or external operating environments. In
formulating the rules, the Committee considers the needs of users, manufacturers, and inspectors of components
addressed by the Code. 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.
The Code containsmandatory requirements, specific prohibitions, and nonmandatory guidance for construction activ-

ities 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
judgmentsmadebyknowledgeable engineers experienced in the application of the Code. Engineering judgmentsmust be
consistentwithCodephilosophy, andsuch judgmentsmustneverbeused tooverrulemandatory requirementsor 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
* 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 reviewor 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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responsible for all technical assumptions inherent in theprograms theyuse and the applicationof theseprograms to their
design.
The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any

proprietaryor specificdesign, or as limiting inanyway 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
the Code. Requests for revisions, new rules, Code cases, or interpretations shall be addressed to the staff secretary in
writing and shall give full particulars in order to receive consideration and action (see the Correspondence With the
Committee page). Proposed revisions to the Code resulting from inquiries will be presented to the Committee for appro-
priate action. The action of the Committee becomes effective only after 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 inter-
ested 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.
When required by context in the Code, the singular shall be interpreted as the plural, and vice versa.
The words “shall,” “should,” and “may” are used in the Code 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 establishedprocedures 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 theASMEBoilerandPressureVesselCodeare issuedCertificates
ofAuthorization. It is theaimof theSociety tomaintain thestandingof theASMESingleCertificationMark for thebenefitof
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 theASMESingle 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 ASMEBoiler and Pressure Vessel Code.”An ASME corporate logo shall not
be used by any organization other than ASME.
TheASMESingleCertificationMarkshall beusedonly for stampingandnameplates as specificallyprovided 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 a holder of theASMESingle CertificationMarkwhomayalso 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

The ASMEBoiler 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 bedescribedonASMEDataReport Formsnoron 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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CORRESPONDENCE 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 committeeweb page to receive email 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, 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 to which the proposed case applies
(4) the editions 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.
Supplementswill be sent ormade available automatically to the purchasers of the CodeCases books until the next edition
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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 Inquiry Submittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic email
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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SUMMARY OF CHANGES

Changes listed below are identified on the pages by a margin note, (25), placed next to the affected area.

Page Location Change
x List of Sections Title of Section XI, Division 1 revised
xi Foreword Third, fourth, seventh, tenth, and eleventh paragraphs editorially revised
xiv Personnel Updated
1 1.2 Subparagraph (a)(9) editorially revised
2 1.4 Revised

Table 1.4-1 Updated
7 Table 2.1-1 (1) In first column, “Spring-loaded non-reclosing valve” revised to “Spring-

actuated non-reclosing relief device,” and the associated Section VIII
Certification Mark Designators revised

(2) Note (11) revised
9 3.2.3 Subparagraph (a) added and existing paragraph designated as (b)
10 3.2.10 Revised
11 3.3.3 Subparagraph (c) revised
12 3.4.3 In subparas. (a)(1) and (b)(1)(-a), cross-reference revised
13 3.5 First sentence and subpara. (b) revised
14 3.6.1 Subparagraph (a) revised
14 3.6.3 (1) 3.6.3.1(e) revised and 3.6.3.1(f) added;

(2) 3.6.3.2 revised in its entirety
16 3.9 Subparagraph (e)(1) revised
18 4.1.3.2 First sentence revised
19 4.4.3 First sentence revised
20 4.4.3.2 Last two sentences added
22 5.1.2 First sentence of subpara. (c) revised
22 5.1.3.2 First sentence revised
22 5.2 Subparagraph (k) added and subsequent subparagraph redesignated
24 5.4.2 First sentence revised
24 5.4.2.2 First sentence revised
24 5.4.2.4 Subparagraphs (a)(1), (b)(1)(-a), and (b)(2) revised
26 5.7.1 Revised
26 5.7.3 Subparagraph (a) revised and subpara. (c) deleted
27 Part 6 Revised in its entirety
33 8.3 (1) Subparagraphs (a) and (c) revised

(2) Subparagraphs (h) and (i) deleted
34 8.5 Deleted
35 9.1 9.1.1(b) and 9.1.2(a) revised
36 9.3 Subparagraphs (b) and (c) revised
36 9.4 Deleted
37 9.7.1 In subpara. (d), equation for capacity added
38 Table 9.7.2-1 Title of third column revised
38 9.7.3 Revised
39 9.7.4 First paragraph revised
39 9.7.5 First paragraph revised
39 9.7.6 Title, first paragraph, 9.7.6.4, and 9.7.6.6 revised
42 9.7.7 (1) First paragraph, 9.7.7.7(d), and 9.7.7.9 (formerly 9.7.7.8) revised

(2) 9.7.7.8 added and subsequent paragraph redesignated

xxxix



Page Location Change
44 9.8 Title and subparas. (a), (a)(2), (b), and (c) revised
45 9.9.1.2 Title revised
46 9.9.2.2 Title revised
48 10.1 Revised
48 10.6 Subparagraphs (c)(1) and (c)(2) revised
49 10.7 Subparagraph (a) revised
51 12.5 Title revised
52 12.8 Title revised
52 12.10 Added
53 13.1 Subparagraphs (a) and (b) revised
53 13.2 Second sentence deleted
53 13.3 Subparagraphs (b) and (c) revised
55 I-2 Definitions added and revised throughout to support addition of Mandatory

Appendix V and Nonmandatory Appendices D and E
63 Mandatory Appendix II II-3 deleted
66 IV-1 In subpara. (b) nomenclature, definition of A revised
67 Figure IV-1-1M Figure corrected by errata to the metric figure
67 Figure IV-1-1 Figure corrected by errata to the U.S. Customary figure
66 IV-2 In subpara. (f), second sentence revised
71 IV-4 Revised in its entirety
72 Mandatory Appendix V Added
140 Table C-1-1 Type of Certificate of Conformance for Certification Designator HV revised
141 Form HV-1 In Certificate of Shop Compliance, “manufacturer” revised to “Manufacturer”
142 Table C-2-1 Instructions for item (17) revised
144 Form UD-1 Title and line 2B editorially revised
145 Table C-2-2 Instructions for item (18) revised
147 Table C-2-3 Instructions for item (18) revised
149 Table C-2-4 Instructions for item (17) revised
151 Form TD-1 Title and line 2B editorially revised
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CROSS-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 cross-
references 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 1
GENERAL REQUIREMENTS

1.1 SCOPE

(a) The rules of this Section provide the requirements
for the overpressure protection of pressurized equipment
such as boilers, pressure vessels, and piping systems.
Overpressure protection methods include

(1) releasing excess pressure by use of pressure
relief devices

(2) applying controls to prevent an increase in pres-
sure (overpressure protection by system design)

(3) using a combination of (1) and (2)
(b) The referencing Code or Standard specifies the

objectives of the overpressure protection and acceptable
methods to achieve it. Where a pressure-releasing over-
pressure protection method is specified, the referencing
Code or Standard identifies the permissible devices based
on this Section’s rules for devices to be marked with the
Certification Mark and appropriate Designator (e.g., HV,
UV, UD).
(c) This Section includes
(1) requirements relating to pressure integrity and

performance governing the construction and installation
of pressure relief devices. Construction requirements
include materials, design, manufacture, examination,
inspection, production testing, and certification. Installa-
tion requirements address only the variables that affect
the performance and pressure-relieving function of the
devices, including the inlet and outlet piping.

(2) requirements for conducting tests and analyses
to determine the performance of pressure relief devices.
These include rules for device-type certification of
relieving capacity and/or flow resistance and production
testing for new pressure relief devices.

(3) requirements for the use of overpressure protec-
tion by system design.

(4) Mandatory Appendices that address specific
subjects not covered elsewhere in this Section.

(5) Nonmandatory Appendices that provide infor-
mation and suggested best practices.
(d) This Section contains requirements, specific prohi-

bitions, and nonmandatory guidance for the design, mate-
rials, manufacture, examination, inspection, testing,
assembly, installation, and certification of pressure
relief devices. The Code does not address all aspects of
overpressure protection, and those aspects that are not
specifically addressed should not be considered prohib-
ited. In these situations, engineering judgment shall be

applied in a manner consistent with the philosophy of
this Section, and such judgments shall never be used
to overrule mandatory requirements or specific prohibi-
tions of this Section or the referencing Code or Standard.
(e) The scope of this Section has been established to

identify the devices and methods considered in formu-
lating the rules given in this Section. Laws or regulations
issued by municipal, state, provincial, federal, or other
enforcement or regulatory bodies having jurisdiction at
the location of an installation establish the mandatory
applicability of the Code rules, in whole or in part,
within their jurisdiction.
(f) In relation to the geometry of pressure-containing

and pressure-retaining parts of a device, the scope of this
Section shall begin at the inlet connectionof thedeviceand
end at the outlet connection of the device. The inlet and
outlet connections are defined as

(1) the first circumferential joint for welded connec-
tions, excluding the connecting weld

(2) the first threaded joint for screwed connections
(3) the face of the flange for bolted, flanged connec-

tions, excluding the bolting
(4) the first sealing surface for proprietary connec-

tions or fittings

1.2 ð25ÞORGANIZATION

(a) This Section is divided into 13 Parts.
(1) Part 1 contains the scope and general require-

ments of this Section.
(2) Part 2 contains the responsibilities for providing

overpressure protection.
(3) Part 3 contains requirements for the design,

materials, inspection, testing, welding, and marking of
pressure relief valves.

(4) Part 4 contains requirements for the design,
materials, inspection, testing, welding, and marking of
rupture disk devices.

(5) Part 5 contains requirements for the design,
materials, inspection, testing, welding, and marking of
pin devices.

(6) Part 6 contains requirements for the design,
materials, inspection, testing, welding, and marking of
spring-actuated non-reclosing devices.

(7) Part 7 contains requirements for the design,
materials, inspection, testing, welding, and marking of
temperature and pressure relief valves.
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(8) Part 8 contains requirements for the use and
marking of devices in combination.

(9) Part 9 contains requirements for capacity and
flow resistance certification of pressure relief devices.

(10) Part 10 contains requirements concerning the
use of the Certification Mark.

(11) Part 11 contains requirements for open flow
paths and vents.

(12) Part 12 contains requirements and guidelines
for the installation of pressure relief devices; these re-
quirements and guidelines address only the variables
that affect the performance and pressure-relieving func-
tion of the devices.

(13) Part 13 contains requirements for overpressure
protection by system design.
(b) The Mandatory Appendices contain specific rules

that are not covered elsewhere in this Section. Their re-
quirements are mandatory, when applicable.
(c) The Nonmandatory Appendices provide informa-

tion and suggested best practices. The information
provided is notmandatory; however, if guidance in aNon-
mandatoryAppendix is used, it shall beused in its entirety.
(d) When a Part, Article, or paragraph is referenced in

this Section, the reference shall be taken to include all
subdivisions under that Part, Article, or paragraph
(including all subparagraphs) and any tables, charts, or
figures referenced by that paragraph.
(e) Figures and tables providing relevant illustrations

or supporting information for text passages have been
designated based on the paragraph they illustrate or
support. For a single figure or table, the designator
consists of the relevant paragraph designator followed
by “-1” (e.g., “10.1-1”). For multiple figures or tables refer-
enced by the same paragraph, each designator consists of
the paragraph number followed by a hyphenated numer-
ical suffix that reflects the order of reference.

1.3 DEFINITIONS

The definitions for the terminology used in this Section
are contained in Mandatory Appendix I.

1.4ð25Þ REFERENCES

(a) Referenced Standards. Throughout this Section,
references are made to various standards, such as
ASME standards. These standards, with the year of the
acceptable edition, are listed in Table 1.4-1. Rules for
the use of these standards are stated elsewhere in this
Section.
The publishers of the referenced standards are as

follows:

American National Standards Institute (ANSI),
www.ansi.org

American Petroleum Institute (API), www.api.org

The American Society of Mechanical Engineers (ASME),
www. ASME.org

ASTM International, www.astm.org
National Board of Boiler and Pressure Vessel Inspectors
(NBBI), www.nationalboard.org

UL Solutions (UL) (formerly Underwriters Laboratories),
www.ul.com

Welding Research Council (WRC) (website unavailable)

(b) Additional References. The following references are
cited in this Section:

ASME Steam Tables (6th ed.) (1993). The American
Society of Mechanical Engineers.

Bean, H. S. (Ed.) (1971). Fluid Meters, Their Theory and
Application: Report of ASME Research Committee on
FluidMeters (6th ed.). TheAmerican Society ofMechan-
ical Engineers.

Benedict, R. P. (1977). Fundamentals of Temperature,
Pressure, and Flow Measurement (2nd ed., Chapters
10, 24). John Wiley & Sons.

Lapple, C. E. (1943). “Isothermal and Adiabatic Flow of
Compressible Fluids.” Transactions of the American
Institute of Chemical Engineers, 39, 385–432.

Levenspiel,O. (1977,May).“TheDischargeofGasesFroma
Reservoir Through a Pipe.” AIChE Journal, 23(3), 402–
403.

Perry, R. H., and Green, D. W. (Eds.) (1984). Perry’s Chem-
ical Engineers’ Handbook (6th ed.). McGraw-Hill Book
Co.

Taylor, J. L. (1988). Fundamentals of Measurement Error
(1st ed.). NEFF Instrument Corp.

1.5 UNITS OF MEASURE

(a) Either U.S. Customary, SI, or any local customary
units may be used to demonstrate compliance with re-
quirements of this Section. However, one system of
units shall be used consistently throughout the construc-
tion cycle for each individual relief device.
(b) For any single equation, all variables shall be

expressed in a single systemof units.When separate equa-
tions are provided for U.S. Customary and SI units, those
equations shall be executed using variables in the units
associated with the specific equation. Data expressed
in other units shall be converted to U.S. Customary
units or SI units for use in these equations. The result
obtained from execution of these equations or any
other calculations carried out in either U.S. Customary
or SI units may be converted to other units.
(c) Production, measurement and test equipment,

drawings, welding procedure specifications, welding
procedure and performance qualifications, and other
manufacturing documents may be in U.S. Customary,
SI, or local customary units in accordance with the Manu-
facturer’s or Assembler’s practice. When values shown in
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calculations and analysis, manufacturing documents, or
measurement and test equipment are in different
units, any conversions necessary to verify Code compli-
ance and ensure that dimensional consistency is main-
tained shall be in accordance with the following:

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

(2) The results of conversions of units shall be
expressed to a minimum of three significant figures.
(d) Conversion of units to the level of precision speci-

fied in (c) shall be performed to ensure that dimensional
consistency is maintained. Conversion factors between
U.S. Customary and SI units may be found in the
Nonmandatory Appendix A. 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 Certified Individual.
(e) Dimensions shown in the text, tables, and figures,

whether given as a decimal or a fraction,may be taken as a
decimal or a fraction and do not imply any manufacturing
precision or tolerance on the dimension.

(f) 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 indesign. Standard fittings (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.
(g) It is acceptable to show alternative units parenthe-

tically.

1.6 TOLERANCES

This Section does not fully address tolerances. When
dimensions, sizes, or other parameters are not specified
with tolerances, thevaluesof theseparametersareconsid-
ered 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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Table 1.4-1
Acceptable Edition of Standards Referenced in This Section

Designator Title
Acceptable
Edition

ANSI Z21.22/CSA 4.4 Relief Valves for Hot Water Supply Systems 2015
API 6A Specification for Wellhead and Tree Equipment 2018, 21st ed.
API 527 Seat Tightness of Pressure Relief Valves 2020, 5th ed.
API Standard 521 Pressure-Relieving and Depressuring Systems 2020, 7th edition

[Note (1)]
ASME B16.5 Pipe Flanges and Flanged Fittings Latest edition
ASME B16.34 Valves — Flanged, Threaded, and Welding End Latest edition
ASME B31.1 Power Piping Latest edition
ASME B31.3 Process Piping Latest edition
ASME BPVC, Section I Rules for Construction of Power Boilers Latest edition
ASME BPVC, Section II Materials Latest edition
ASME BPVC, Section III,
Subsection NB

Rules for Construction of Nuclear Facility Components — Class 1 Components Latest edition

ASME BPVC, Section III,
Subsection NCD

Rules for Construction of Nuclear Facility Components—Class 2 and Class 3 Components Latest edition

ASME BPVC, Section III,
Subsection NE

Rules for Construction of Nuclear Facility Components — Class MC Components Latest edition

ASME BPVC, Section IV Rules for Construction of Heating Boilers Latest edition
ASME BPVC, Section V Nondestructive Examination Latest edition
ASME BPVC, Section VIII,
Division 1

Rules for Construction of Pressure Vessels Latest edition

ASME BPVC, Section VIII,
Division 2

Rules for Construction of Pressure Vessels — Alternative Rules Latest edition

ASME BPVC, Section VIII,
Division 3

Rules for Construction of Pressure Vessels — Alternative Rules for Construction of High
Pressure Vessels

Latest edition

ASME BPVC, Section IX Welding, Brazing, and Fusing Qualifications Latest edition
ASME BPVC, Section X Fiber-Reinforced Plastic Pressure Vessels Latest edition
ASME BPVC, Section XII Rules for Construction and Continued Service of Transport Tanks Latest edition
ASME CA-1 Conformity Assessment Requirements Latest edition
ASME MFC-3M Measurement of Fluid Flow in Pipes Using Orifice, Nozzle, and Venturi Latest edition
ASME PTC 19.1 Test Uncertainty Latest edition
ASME PTC 19.2 Pressure Measurement Latest edition
ASME PTC 19.3 Temperature Measurement Latest edition
ASME PTC 19.5 Flow Measurement Latest edition
ASME PTC 19.11 Steam and Water Sampling, Conditioning, and Analysis in the Power Cycle Latest edition
ASME QAI-1 Qualifications for Authorized Inspection Latest edition
ASME SI-1 Orientation and Guide for Use of SI (Metric) Units Latest edition
ASTM D1070 Standard Test Methods for Relative Density of Gaseous Fuels Latest edition
ASTM D1298 StandardTestMethod forDensity,RelativeDensity, orAPIGravityofCrudePetroleumand

Liquid Petroleum Products by Hydrometer Method
Latest edition

ASTM E380 Metric Practice Guide Latest edition
NBBI NB-18 Pressure-Relief Device Certification Latest edition
UL-969 Standard for Marking and Labeling Systems Latest edition
WRC Bulletin 498 Guidance on the Application of Code Case 2211 — Overpressure Protection by Systems

Design
2005

NOTE: (1) API Standard 521, 2020, 7th edition shall be used as referenced except for the following paragraphs:
(a) 4.4.9.3, Check Valve Leakage
(b) 4.4.14.2.1, Pressure Considerations for Heat Exchanger Tube Failure
(c) 4.4.14.4, Plate-and-Frame, Spiral-Plate, and Welded-Block Heat Exchangers
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Table 1.4-1
Acceptable Edition of Standards Referenced in This Section (Cont’d)

NOTE: (Cont’d)
(d) 4.4.14.5.2, Sulfur Recovery Unit Thermal Reactor Waste Heat Steam Generators

The listed paragraphs shall be used with the following clarification: The overpressure protection requirements, including for maximum
relief pressure andmaximumpressure for overpressureprotectionby systemdesign, shall be in accordancewith the vessel codeof construc-
tion.
Forexample, SectionVIII,Division1,UG-154requiresall vessels tobeprotectedbyapressurereliefdevice, open flowpath, oroverpressure

protectionbysystemdesign. SectionVIII,Division1,UG-153provides themaximumrelief pressurewhenpressure relief devicesoropen flow
paths are used, and UG-154(e) provides the maximum pressure for overpressure protection by system design. Section VIII, Division 1, UG-
152(d) specifically requires heat exchangers and similar vessels be protected with a pressure relief device of sufficient capacity to avoid
overpressure in case of an internal failure.
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PART 2
PROTECTION AGAINST OVERPRESSURE

2.1 GENERAL

(a) The requirements of this Section, including the
Certification Mark and Designators, must be referenced
by an ASME Boiler and Pressure Vessel Code (BPVC)
Section or other Standard for pressurized equipment
before this Section becomes effective for that Code or
Standard.
(b) The referencing Code or Standard specifies the

objectives of the overpressure protection.
(c) The referencing Code or Standard provides the

required performance of the relief system, including
maximum relieving pressure and maximum set pressure.
The pressure relief devices provided in accordance with
this Section are designed to meet the performance re-
quirements of the referencing Code or Standard.
(d) The referencing Code or Standard provides basic

installation requirements for the protection of the pres-
surized equipment. This Section provides additional
installation requirements that will affect the performance
and safety function of the devices.
(e) The referencing Code or Standard identifies the

permissible device types or methods. This Section
provides specific requirements for pressure relief
devices and methods.
(f) The referencing Code or Standard may specify

portions of this Section. In this case, only the referenced
portions of this Section shall apply, and the remaining re-
quirements shall come from the referencing Code or Stan-
dard.
EXAMPLE: ASME Boiler and Pressure Vessel Code (BPVC)
Sections I and III currently refer to this Section for capacity certi-
fication only. Materials, design, fabrication, nondestructive
examination, pressure testing, and Certification by the Manufac-
turer shallmeet the requirementsof Section I or Section III. TheV
and NV Designators are used in this Section only to highlight
requirements specific to pressure relief devices for Section I
and Section III service, respectively.

(g) If there is a conflict between Section XIII and the
referencing Code or Standard, the referencing Code or
Standard takes precedence.
(h) Table 2.1-1 summarizes the pressure relief devices

andmethods permitted byASMEBPVC Sections. If there is
a difference between the information in Table 2.1-1 and
the provisions of the ASME BPVC Section, the ASME BPVC
Section shall apply.

2.2 RESPONSIBILITIES

(a) ThereferencingCodeorStandarddefines theduties
required for Code compliance and the parties responsible
forperforming thoseduties.Theduties include,butarenot
limited to, the following:

(1) design, construction, and installation of the pres-
sure relief system other than the pressure relief device

(2) determination of all potential overpressure
scenarios and of the method of overpressure protection
used to mitigate each scenario

(3) selection of the type of overpressure protection
as described in this Section

(4) sizing and selection of the pressure relief
device(s) based on the intended service

(5) installationof thepressure-relievingdevice prior
to operation
(b) The Manufacturer or Assembler of the pressure

relief device to which the Certification Mark will be
applied shall be responsible for complying with all of
the requirements of this Section. A Certified Individual
(CI) shallprovideoversightas requiredby10.6.TheManu-
facturer or Assembler is not responsible for the require-
ments or guidance for installation of pressure relief
devices provided in this Section.
(c) Some types of work performed on devices (e.g.,

machining, forming, nondestructive examination, and
heat treating) may be performed by parties other than
the Manufacturer. It is the Manufacturer’s responsibility
to ensure that all work so performed complies with all the
applicable requirements of this Section.

2.3 SET PRESSURE

The range of allowable set pressures for each pressure
relief device is defined by the referencing Code or Stan-
dard.

2.4 OVERPRESSURE

The maximum allowable overpressure for each pres-
sure relief device is defined by the referencing Code or
Standard.
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Table 2.1-1
ð25ÞPermitted Pressure Relief Devices or Methods by ASME BPVC Section

Device or Method I

III

IV

VIII

X XIINB NCD NE Division 1
Division 2

[(1)] Division 3
Direct spring-loaded pressure relief valve V NV-1 NV-2, NV-3 NV-1, NV-2 [(2)] HV, V UV, V [(3)] UV, V [(3)] UV3, UV [(4)] UV, HV, V [(3)] TV, UV

[(5),
(6)]

Pilot-operated pressure relief valve V NV-1 NV-2, NV-3 . . . . . . UV UV, V [(3)] . . . UV . . .
Power-actuated relief valve V NV-1 NV-2, NV-3 P . . . . . . . . . P [(7)] . . . . . .
Rupture disk . . . P P [(8)] . . . UD UD UD3, UD [(9)] UD TD, UD

[(5),
(6)]

Pin device . . . . . . . . . [(8)] . . . UD UD . . . UD TD, UD
[(5),
(6)]

Spring-actuated non-reclosing pressure relief
device

. . . . . . . . . [(8)] . . . UD UD . . . . . . . . .

Temperature and pressure relief valves . . . . . . . . . . . . HV . . . . . . . . . . . . . . .
Rupture disk upstream of pressure relief valve
(see 8.2) [(10)]

P [(11)] . . . P . . . . . . P P P . . . P [(12)]

Rupture disk downstream of pressure relief
valve (see 8.3) [(10)]

. . . P P . . . . . . P P P . . . . . .

Pin device upstream of pressure relief valve
(see 8.4) [(10)]

. . . . . . . . . . . . . . . P P . . . . . . P [(12)]

Open flow paths or vents . . . . . . . . . . . . . . . P P P P . . .
Fusible plugs . . . . . . . . . . . . . . . . . . . . . . . . . . . P [(13)]
Overpressure protection by system design . . . . . . . . . . . . . . . P P . . . P . . .
Vacuum relief devices . . . . . . NV-2, NV-3 NV-2 . . . . . . . . . . . . . . . . . .

GENERAL NOTES:
(a) If there is a difference between the information in Table 2.1-1 and the provisions of the ASME BPVC Section, the ASME BPVC Section shall apply.
(b) Allowable devices and methods are indicated by either the letter P (permitted) or one or more of the following Certification Mark Designators:

HV = heating boiler pressure relief valve
NV-1 = nuclear Class 1 pressure relief valve
NV-2 = nuclear Class 2 pressure relief valve
NV-3 = nuclear Class 3 pressure relief valve
TV = transport tank pressure relief valve
UD = pressure vessel pressure relief device
UD3 = high pressure vessel pressure relief device, Section VIII, Division 3
UV = pressure vessel pressure relief valve
UV3 = high pressure vessel pressure relief valve, Section VIII, Division 3

V = power boiler safety relief valve

ASM
E
BPVC.XIII-2025

7



Table 2.1-1
Permitted Pressure Relief Devices or Methods by ASME BPVC Section (Cont’d)

NOTES:
(1) All pressure relief devices permitted in Section VIII, Division 1 and bearing the CertificationMark and either the UV or UDDesignatormay be used on pressure vessels constructed to Section

VIII, Division 2.
(2) A pressure relief device designed to either Class 1 or Class 2, as classified by the Design Specification, may be used for Section III NE service.
(3) Pressure relief valves certified for a steam-discharging capacity under the provisions of Part 9 and bearing the CertificationMark and V Designatormay be used on Section VIII, Division 1 or

Division 2, and Section X pressure vessels.
(4) Pressure relief valvesmeeting the requirementsof SectionVIII,Division1orDivision2maybeusedonpressurevessels constructed toSectionVIII,Division3, provided theyalsomeet specific

requirements for Section VIII, Division 3.
(5) Pressure relief devices certified for service in unfired pressure vessels per Section VIII, Division 1may be used for Section XII applications if theymeet the additional requirements of Section

XII, particularly the Modal Appendices.
(6) Pressure relief devices, rupture diskdevices, or pindevices certified for service in unfiredpressure vessels per SectionVIII, Division1maybeused in transport tank service, provided the tank

Manufacturer or user of the tank has determined that the devices are suitable for the intended service application. Suitability shall be determined based on the temperatures, pressures, and
compatibility with the goods transported in the specific application.

(7) Section VIII, Division 3 power-actuated pressure relief valves are not within the scope of Section XIII. See Section VIII, Division 3 for requirements.
(8) Non-reclosing pressure relief devices are unacceptable. See Section III, Division 1, Subsection NE, NE-7161.
(9) Rupture disk devices bearing the Certification Mark and UD Designator in accordance with Section XIII may be used [see Section VIII, Division 3, KOP-152(c)].
(10) Each device of a combination shall be marked with the Certification Mark and appropriate Designator.
(11) Rupture disks are permitted on the inlet of pressure relief valves for organic vaporizers only. See Section I, PVG-12.3.
(12) Non-reclosing pressure relief devices for Section XII applications shall be used only as part of a combination relief device, exceptwhere their use as the sole overpressure protection device is

specifically authorized by the competent authorities with jurisdiction over the tank’s operation.
(13) The Certification Mark and Designator are not required. See Section XII for requirements.
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PART 3
REQUIREMENTS FOR PRESSURE RELIEF VALVES

3.1 GENERAL

3.1.1 Applicability of Part 3 Requirements

This Part contains requirements applicable to all pres-
sure relief valves that are to bemarked with the Certifica-
tion Mark and any Designator. Requirements unique to a
specific Designator are identified.

3.1.2 Valve Characteristics

(a) All pressure relief valves shall be of the direct
spring-loaded, pilot-operated, or power-actuated type.
(b) Pilot-operated pressure relief valves shall be

designed such that
(1) the pilot is self-actuated
(2) the main valve will open automatically at a pres-

sure not exceeding the set pressure
(3) if some essential part of the pilot fails, the main

valve will discharge its full rated capacity at or below the
relieving pressure used to determine its rated capacity
(c) Section VIII, Division 1 and Division 2 (UV Desig-

nator) pressure relief valves shall be designed and
constructed such that when installed per Section VIII,
Division 1, UG-156, they comply with the following:

(1) They shall operate without chattering.
(2) When operating at the flow-rated pressure, they

shall not flutter in a way that would either interfere with
the measurement of capacity or result in damage.

3.2 DESIGN AND MECHANICAL REQUIREMENTS

3.2.1 Body

In the design of the body of the pressure relief valve,
consideration shall be given to minimizing the effects of
deposits.

3.2.2 Drains

(a) If the design of a pressure relief valve is such that
liquid can collect on the discharge side of the disk, then,
except aspermitted in (b), thevalve shall beequippedwith
a drain at the lowest point at which liquid can collect.
(b) Pressure relief valves that cannot be equippedwith

a drain as required in (a) because of design or application
may be used, provided all the following conditions are
met:

(1) The pressure relief valves are used only on gas
service where there is neither liquid discharged from the
valve nor liquid formed by condensation on the discharge
side of the valve.

(2) The pressure relief valves are provided with a
cover or discharge piping per 12.8(c) to prevent liquid
or other contaminant from entering the discharge side
of the valve.

(3) The pressure relief valve is marked FOR GAS
SERVICE ONLY in addition to being marked as required
by 3.9.
(c) For Section IV (HV Designator) pressure relief

valves exceeding DN 65 (NPS 21∕2), the drain hole or
holes shall be tapped not less than DN 10 (NPS 3∕8).
For valves of DN 65 (NPS 21∕2) or smaller, the drain
hole shall not be less than 6 mm (1∕4 in.) in diameter.

3.2.3 ð25ÞBonnet

(a) The bonnet of balanced direct spring-loaded pres-
sure relief valves shall be vented to prevent accumulation
of pressure in the bonnet.
(b) The bonnet of Section VIII, Division 3 (UV3 Desig-

nator) pressure relief valves shall be vented to prevent
accumulation of pressure. Sealing or isolation of the
bonnet area from the relieving fluid may be required
for protection of the spring assembly from corrosion
or solids accumulation.

3.2.4 Seat

If the valve seat is not integral with the body of the pres-
sure relief valve, it shall be secured to the body of the
pressure relief valve in such a way that there is no possi-
bility of the seat lifting or separating.

3.2.5 Springs for Direct Spring-Loaded Valves

(a) The spring of a direct spring-loaded valve shall be
designed so that the spring compression at full lift of the
valve shall not be greater than 80% of the nominal solid
deflection. Alternatively, for Section XII (TV Designator)
valves only, a design in which the spring compression at
full lift equals or exceeds 80% is permitted, provided the
valve has been tested andmeets the acceptance criteria of
Part 9.
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(b) The permanent set of the spring shall not exceed
0.5% of the original free length. Permanent set is
defined as the difference between the original free
length and the free length after the spring has been
preset at room temperature by compressing it to its
solid height three times. Measurement shall be taken
at least 10 min following the preset.
(c) For direct spring-loaded valves that have set pres-

sures above the maximum pressure used in the capacity
certification tests, the spring force ratio shall not exceed
1.1 times the spring force ratio of the valve with the
highest set pressure that was used in the capacity certi-
fication tests. For direct spring-loaded valves that have
orifices larger than the largest size used in the capacity
certification tests, the spring force ratio shall not exceed
1.1 times the spring force ratio of the valve with largest
size orifice in the capacity certification tests. The spring
force ratio, Rsf, shall be calculated as follows:

=R F F/sf so sc

where
Fsc = force exerted by the spring when the valve is

closed or seated
Fso = force exerted by the spring when the valve is at

rated lift

3.2.6 Guiding Arrangements

(a) The design of the pressure relief valve shall incor-
porate guiding arrangements necessary to ensure consis-
tent operation and seat tightness.
(b) Bottom-guided designs are not permitted on

Section IV (HV Designator) pressure relief valves.

3.2.7 Lifting Device

(a) Section VIII (UV Designator) pressure relief valves
intended for use on air or steam service, or on water
service where the valve inlet temperature exceeds
60°C (140°F) excluding overpressure or relief events,
shall have a substantial lifting device that, when activated,
will release the seating force on the disk when the pres-
sure relief valve is subjected to a pressure of at least 75%
of the set pressure of the valve.
(b) Section VIII (UV Designator) pilot-operated pres-

sure relief valves used on the services described in (a)
shall be provided with either a lifting device as described
in (a) or a means for connecting and applying pressure to
thepilot adequate toverify that themovingparts critical to
proper operation are free to move.
(c) Section IV (HV Designator) pressure relief valves

shall have a lifting device and a mechanical connection
between the lifting device and the disk capable of
lifting the disk from the seat a distance of at least 1.5
mm (1∕16 in.) with no pressure on the boiler.

3.2.8 Wrenching Surfaces

Pressure relief valves having threaded inlet or outlet
connections shall be provided with wrenching surfaces
to allow for normal installation without damage to oper-
ating parts.

3.2.9 Sealing of Adjustments

(a) Means shall beprovided in thedesignof all pressure
relief valves for sealing all external adjustments that can
be made without disassembly of the valve.
(b) Seals shall be installed by the Manufacturer or

Assembler after all adjustments required for production
testing.
(c) Seals shall be installed in amanner to prevent chan-

ging the adjustment without breaking the seal.
(d) For pressure relief valves larger than DN 15

(NPS 1∕2), the seal shall serve as a means of identifying
the Manufacturer or Assembler making the adjustment.

3.2.10 ð25ÞDiaphragm-Type Direct Spring-Loaded
Pressure Relief Valves

Diaphragm-type direct spring-loaded pressure relief
valves shall meet the following requirements:
(a) The space above the diaphragm shall be vented to

prevent accumulation of pressure above the diaphragm.
(b) The valve shall be designed so that failure or dete-

rioration of the diaphragm material will not impair the
valve’s ability to relieve at the rated capacity.

3.2.11 Restricted-Lift Designs

Valve capacity may be limited by restricting the lift of a
valve, provided the following requirements are met:
(a) The valve size shall be DN 20 (NPS 3∕4) or larger.
(b) No changes shall bemade in the design of the valve,

except to change the valve lift by use of a lift-restraining
device described in (c).
(c) The restriction of valve capacity shall be permitted

only by the use of a lift-restraining device that shall limit
valve lift and shall not otherwise interfere with flow
through the valve.

(1) The design of the lift-restraining device shall be
subject to review by an ASME Designated Organization.

(2) The lift-restraining device shall be designed so
that, if the device is adjustable, the adjustable feature
can be sealed. Seals shall be installed by the valve Manu-
facturer or Assembler at the time of initial adjustment.
(d) The valve lift shall be no less than 30% of full rated

lift, or 2 mm (0.080 in.), whichever is greater.
(e) The restricted-lift nameplate capacity shall be

determined by multiplying the capacity at full rated lift
by the ratio of the restricted lift to the full rated lift.
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3.2.12 O-Rings and Packing

O-rings or other packing devices used on the stems of
pressure relief valves shall be arranged so that valve
performance meets the requirements of this Section.

3.2.13 Inlet/Outlet Connections

(a) The inlet opening of a Section IV (HV Designator)
pressure relief valve shall have an inside diameter
approximately equal to, or greater than, the seat diameter.
In no case shall themaximumopening through any part of
the valve be less than 6 mm (1∕4 in.) in diameter or its
equivalent area.
(b) Pressure relief valves for Section IV, Part HLW (HV

Designator) potable water heaters shall be at least DN 20
(NPS 3∕4).
(c) Any Section VIII (UV Designator) pressure relief

valve in liquid service shall be at least DN 15 (NPS 1∕2).
(d) Threaded inlet or outlet connections for Section

VIII, Division 3 (UV3 Designator) valves shall be in accor-
dance with Section VIII, Division 3, KD-6.

3.2.14 Pop Action

Section IV (HV Designator) pressure relief valves shall
have pop action (rapid opening) when tested using steam.

3.3 MATERIAL REQUIREMENTS

3.3.1 General

(a) Materials used in bodies, bonnets, yokes, and body‐
to‐bonnet or body‐to‐yoke bolting shall be as permitted in
Section II, Part D by the referencing Code, except for
Section IV (HV Designator) pressure relief valves, for
which the Manufacturer may use materials other than
those listed in Section II. In those cases, the Manufacturer
shall establish and maintain specifications requiring
equivalent control of chemical and physical properties
and quality.
In addition, the following requirements apply:
(1) For Section VIII, Division 1 (UVDesignator) pres-

sure relief valves, the bodies, bonnets, yokes, and body-to-
bonnet or body-to-yoke bolting shall meet all applicable
requirements of Section VIII, Division 1, Subsection C.

(2) For Section VIII, Division 3 (UV3 Designator)
pressure relief valves, the bodies, bonnets, yokes, and
body-to-bonnet or body-to-yoke bolting shall meet all ap-
plicable requirements of Section VIII, Division 3, Article
KM.

(3) For Section XII (TV Designator) pressure relief
valves, the bodies, bonnets, yokes, and body-to-bonnet
or body-to-yoke bolting shall meet all applicable require-
ments of Section XII, Part TM.
(b) Other than as specified in (a), all parts required for

the pressure-relieving or pressure-retaining function
shall be of materials that are

(1) listed in Section II, or
(2) listed in ASTM specifications, or
(3) controlled by the Manufacturer of the pressure

relief valve by a specification ensuring control of chemical
and physical properties and quality at least equivalent to
that of ASTM standards
(c) No materials liable to fail due to deterioration or

vulcanization when subjected to saturated steam
temperature corresponding to capacity test pressure
shall be used for Section IV (HV Designator) pressure
relief valves.

3.3.2 Seats and Disks

(a) Cast iron seats and disks are not permitted.
(b) The seats anddisks of pressure relief valves shall be

of suitable material to resist corrosion by the fluid to be
contained. The degree of corrosion resistance, appro-
priate to the intended service, shall be a matter of agree-
ment between the Manufacturer and the purchaser.
(c) When selecting materials for seating surfaces, the

Manufacturer shall consider the potential for brinelling
and its effects on the performance of the pressure
relief valve.
(d) Material for seats and disks should be such as to

provide a reasonable degree of resistance to erosion
caused by high-velocity steam (i.e., steam cutting)
when the pressure relief valve is used in steam or hot
water applications.
(e) Nonmetallic disk inserts and seals shall be compat-

ible with the maximum design temperature established
for the pressure relief valve.

3.3.3 ð25ÞGuiding/Sliding Surfaces

(a) When selecting materials for sliding surfaces, the
Manufacturer shall consider the potential for galling
and its effects on the performance of the pressure
relief valve.
(b) Adjacent sliding surfaces, such as guides and disks

or disk holders, shall both be of corrosion-resistant mate-
rial. Thedegree of corrosion resistance, appropriate to the
intended service, shall be a matter of agreement between
the Manufacturer and the purchaser.
(c) For Section VIII, Division 3 (UV3 Designator) pres-

sure relief valves, galling resistance shall be demonstrated
on a prototype valve by popping a valve to full lift ten
times, with subsequent disassembly and inspection
showing no indication of galling.

3.3.4 Springs

Springs shall bemade of corrosion-resistantmaterial or
shall have a corrosion-resistant coating.
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3.4 INSPECTION OF MANUFACTURING AND/OR
ASSEMBLY

3.4.1 General

(a) A Manufacturer or Assembler shall demonstrate to
the satisfaction of a representative from an ASME Desig-
nated Organization that the manufacturing, production,
and testing facilities and quality control procedures
will ensure agreement between the performance of
random production samples and the performance of
those devices submitted for capacity certification.
(b) At the time of the submission of pressure relief

valves for capacity certification or testing in accordance
with 3.4.2, the representative of the ASME Designated
Organization has the authority to review the device
design for conformity with the requirements of 3.2 and
3.3, and to reject or require modification of designs
that do not conform.
(c) Manufacturing, assembly, inspection, and test

operations, including capacity testing, are subject to
inspections at any time by a representative of the
ASME Designated Organization.

3.4.2 Production Certification

A Manufacturer or Assembler may be granted permis-
sion to apply the Certification Mark and appropriate
Designator to production pressure relief valves whose ca-
pacity has been certified in accordance with Part 9,
provided the testing described in this paragraph is
successfully completed. This permission shall expire on
the sixth anniversary of the date it is initially granted.
The permission may be extended for 6-yr periods if
the testing described in this paragraph is successfully
repeated within the 6-month period before expiration.

3.4.2.1 Sample Selection. Two sample production
pressure relief valves of a size and capacity within the
testing capability of an ASME-accepted laboratory shall
be selected by a representative from an ASME Designated
Organization. All sample pressure relief valves having
adjustable blowdown construction shall have the
control elements positioned by the Manufacturer or
Assembler per the Manufacturer’s specification.

3.4.2.2 Testing.Operational and capacity tests shall be
conducted in the presence of a representative from an
ASME Designated Organization at a testing facility
meeting the requirements of ASME CA-1. The pressure
relief valve Manufacturer or Assembler shall be notified
of the time of the test and may have representatives
present to witness the tests.

3.4.2.3 Test Results

(a) Should any pressure relief valve fail to relieve at or
above its certified capacity, or should it fail tomeet perfor-
mance requirements of this Section, the test shall be

repeated at the rate of two replacement pressure relief
valves, selected in accordance with 3.4.2.1, for each pres-
sure relief valve that failed.
(b) If a sample pressure relief valve with adjustable

blowdown construction selected from a Manufacturer
exhibits a blowdown that exceeds the value in
Table 3.4.2.3-1, then an adjustment shall be made to
meet this performance condition, and the operational
and capacity tests shall be repeated. This adjustment
may be made at the flow test facility. For each valve
whose blowdown requirement cannot be met through
adjustment, the test shall be repeated with one replace-
ment pressure relief valve, selected in accordance with
3.4.2.1.
(c) Should any of the replacement pressure relief

valves described in (a) fail to meet the capacity or perfor-
mance requirements of this Section, the Manufacturer or
Assembler shall determine the cause of failure and take
corrective action to guard against future occurrence. This
cause of failure and corrective action shall be documented
and submitted to the ASME Designated Organization
within 60 days of the failure or be cause for revocation
of the authorization to use the Certification Mark on that
particular type of valve. Upon the ASME Designated Orga-
nization’s acceptance of the submitted corrective action,
the requirements of 3.4.2 shall apply.

3.4.3 ð25ÞAlternative Tests for Valves That Exceed the
Laboratory Capabilities

(a) For valves that exceed the laboratory testing
capabilities and for which lift at rated overpressure
can be measured, the alternative method described
below shall be used in lieu of the test requirements of
3.4.2.1, 3.4.2.2, and 3.4.2.3(a).

(1) Two production valves that are representative of
the design shall be tested per Mandatory Appendix V,
Article V-3. The tests shall demonstrate to the satisfaction

Table 3.4.2.3-1
Maximum Blowdown for Sample Valves During Testing

Certification Mark
Designator [Note (1)]

Maximum Blowdown for
Sample Valves During Testing

HV 15 kPa to 30 kPa (2 psi to 4 psi)
[Note (2)]

UV or UV3 7% of the set pressure or 20 kPa (3 psi),
whichever is greater

TV 7% of the set pressure or 20 kPa (3 psi),
whichever is greater

NOTES:
(1) See the General Note of Table 2.1-1 for the valve types to which

the Certification Mark Designators apply.
(2) Thismaximumapplies to low-pressure steamheatingboilerpres-

sure relief valves with set pressure equal to or less than 100 kPa
(15 psi) only. This blowdown need not be adjustable.
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of the representative of the ASME Designated Organiza-
tion that the valves satisfy the following conditions:

(-a) The measured set pressure is consistent with
the stamped set pressure within the tolerances required
by Table 3.6.3.1-2.

(-b) The valve will achieve theminimum lift for its
certified capacity.

(-c) The valve will operate without chatter or
flutter.

If only one valve of thedesignwill beproducedwithin
the 6-yr period for which the permission is granted, only
that valve need be tested as stated above.

(2) The testing shall be performed at a facility that is
mutually agreeable to the Manufacturer, the representa-
tive of an ASME Designated Organization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (1)(-a) through (1)(-c).

(3) In the event of failure of the tests, 3.4.2.3(c) shall
apply.
(b) For valves that exceed the laboratory testing

capabilities and for which lift at rated overpressure
cannot be measured, the alternative method described
below shall be used.

(1) For initial certification, two functional models
that are representative of the design shall be used,
provided the test requirements of 3.4.2.1, 3.4.2.2,
3.4.2.3(a), and 3.4.2.3(c) are followed and the following
additional test requirements are met:

(-a) Two production valves that are representa-
tive of the design shall be tested per Mandatory
Appendix V, Article V-3. The testing shall demonstrate
to the satisfactionof the representative of theASMEDesig-
nated Organization that

(-1) the measured set pressure is consistent
with the stamped set pressure within the tolerances
required by Table 3.6.3.1-2

(-2) a secondary pressure zone leakage test and
a seat tightness test are demonstrated in accordance with
3.6.2 and 3.6.4

If only one valve of the design will be produced
within the 6-yr period for which the permission is
granted, only that valve need be tested as stated above.

(-b) The testing shall beperformedat a facility that
is mutually agreeable to the Manufacturer, the represen-
tativeof anASMEDesignatedOrganization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (-a)(-1) and (-a)(-2).

(-c) In the event of failure of the tests, 3.4.2.3(c)
shall apply.

(2) For 6-yr renewal of capacity certification, (1)(-a)
through (1)(-c) shall apply.

3.5ð25Þ ASSEMBLER REQUIREMENTS

The following requirements apply only to valves to be
marked with the Certification Mark and UV, UV3, or TV
Designator:

(a) Use of the Certification Mark and appropriate
Designator by an Assembler indicates the use of original,
unmodified parts in strict accordance with the instruc-
tions of the Manufacturer of the pressure relief valve.
(b) The Assembler shall be located in and work from

facilities separate from the Manufacturer's facilities.
(c) AnAssemblermaybe organizationally independent

of the Manufacturer or may be wholly or partly owned by
the Manufacturer.
(d) AnAssemblermay transferoriginal andunmodified

pressure relief parts produced by the Manufacturer to
another Assembler, provided all of the following condi-
tions are met:

(1) Both Assemblers have been granted permission
to apply the Certification Mark and appropriate Desig-
nator to the specific valve type in which the parts are
to be used.

(2) The quality control system of the Assembler
receiving the pressure relief valve parts defines the
controls for the procurement and acceptance of those
parts.

(3) The pressure relief valve parts are appropriately
packaged, marked, or sealed by the Manufacturer to
ensure that the parts are produced by the Manufacturer
and are original and unmodified.
(e) An Assembler may convert original finished parts

by eithermachining to another finished part or applying a
corrosion-resistant coating to valve springs for a specific
application under the following conditions:

(1) Conversions shall be specified by the Manufac-
turer. Drawings and/or written instructions used for
part conversion shall be obtained from the Manufacturer
andshall includeadrawingordescriptionof the converted
part before and after the conversion.

(2) The Assembler’s quality control system, as
accepted by an ASME Designee, shall describe in detail
the conversion of original parts, provisions for inspection
and acceptance, personnel training, and control of current
Manufacturer’s drawings and/or written instructions.

(3) The Assembler shall document each use of a
converted part and that the part was used in strict accor-
dance with the instructions of the Manufacturer.

(4) The Assembler shall demonstrate to the Manu-
facturer the ability to perform each type of conversion.
The Manufacturer shall document all authorizations
granted to perform part conversions. The Manufacturer
andAssembler shallmaintain a file of such authorizations.

(5) For an Assembler to offer restricted lift valves,
the Assembler shall demonstrate to the satisfaction of
the Manufacturer the ability to perform valve lift restric-
tions. TheManufacturer shall document all authorizations
granted to restrict the lift of the valves. The Assembler
shall maintain a file of such authorizations and the
records of each lift restriction made.

ASME BPVC.XIII-2025

13



(6) At least annually the Manufacturer shall review
each Assembler’s system and conversion capabilities. The
Manufacturer shall document the results of these reviews.
The Assembler shall keep a copy of this documentation on
file. The review results shall be made available to a repre-
sentative from an ASME Designated Organization.
(f) In addition to the data required by 3.9, the marking

shall include the name of the Manufacturer and the final
Assembler. The CertificationMark shall be that of the final
Assembler.

3.6 PRODUCTION TESTING

All pressure relief valves towhich theCertificationMark
is to be applied shall be subjected to the tests of this para-
graph by the Manufacturer or Assembler. A Manufacturer
or Assembler shall have a documented system for the
application, calibration, and maintenance of gages and
instruments used during these tests. Testing time on
steam pressure relief valves shall be sufficient, depending
on size and design, to ensure that test results are repea-
table and representative of field performance.

3.6.1ð25Þ Pressure Testing

The requirements of 3.6.1 shall not apply to Section IV
(HV Designator) pressure relief valves.
(a) The pressure-containing parts of the shell of each

valve are subject to pressure testing.
(b) A valve shell part is exempt from pressure testing if

both of the following conditions apply:
(1) The stress that would be applied under hydro-

static test conditionsdoesnot exceed50%of theallowable
stress.

(2) The part is not cast or welded.
(c) When the valve is designed for discharging directly

to atmosphere, the valve components downstream of the
valve disk are exempt from pressure testing.
(d) Valve components are exempt from pressure

testing if they are fully contained within pressure-
containing parts that have been either pressure tested
or exempted from pressure testing by (b).
(e) Avalve shell part requiringpressure testing shall be

tested either
(1) hydrostatically at a minimum 1.5 times the

design pressure of the part, or
(2) pneumatically at a minimum 1.25 times the

design pressure of the part
CAUTION: Pneumatic testing can be hazardous; it is there-
fore recommended that special precautions be taken when
conducting a pneumatic test.

(f) Pressure testing may be done in the part or
assembled condition.
(g) Pressure testing shall be conducted after all

machining and welding operations have been completed.
(h) Parts subjected to pressure testing shall not exhibit

a sign of leakage.

3.6.2 Secondary Pressure Zone Test

(a) Except for the valves described in (b), all closed-
bonnet pressure relief valves that have an inlet size
exceeding DN 25 (NPS 1) and that are designed for
discharge to a closed system shall have their secondary
pressure zones testedwith air or other gas at a pressure of
at least 200kPa (30psi). Theusermay specify ahigher test
pressure commensurate with the back pressure antici-
pated in service.
(b) The secondary pressure zone of each Section VIII,

Division 3 (UV3Designator) closed-bonnet pressure relief
valve shall be tested at 1.25 times the stated design pres-
sure of the secondary pressure zone but not at less than
0.125 times the design pressure of the primary parts.
(c) Parts subjected to secondary pressure zone testing

shall not exhibit a sign of leakage.

3.6.3 ð25ÞSet Pressure Tests
3.6.3.1 General

(a) Each pressure relief valve towhich the Certification
Mark and appropriate Designator is to be applied shall be
tested by the Manufacturer or Assembler to demonstrate
the valve’s set pressure.
(b) Set pressure tests for pressure relief devices shall

be conducted using the test fluid specified in Table
3.6.3.1-1.
(c) Test fixtures and test drums,where applicable, shall

be of adequate size and capacity to ensure that pressure
relief valve action is consistent with the marked set pres-
sure within the applicable tolerances shown in
Table 3.6.3.1-2.
(d) Whenpressure relief valve service conditions differ

from test stand conditions due to superimposed back
pressure or temperature, or both, the actual test pressure
(cold differential test pressure) shall be adjusted and
marked on the valve per 3.9(e)(4)(-a). When superim-
posed back pressure contributes to the cold differential
test pressure, it shall also be marked on the valve per
3.9(e)(4)(-b).
(e) For Section IV (HV Designator) pressure relief

valves for steam service (i.e., steam boiler), the applicable
operating characteristic shall be popping pressure.
(f) For Section IV (HV Designator) pressure relief

valves for other than steam service (i.e., steam boiler)
and all other valve types (UV, UV3, and TV Designators),
the applicable operating characteristic to be displayed for
a specific valve design shall be specified by the device
Manufacturer. See the definition of “set pressure” in
Mandatory Appendix I for allowable operational charac-
teristics.

3.6.3.2 Alternative Test Methods

(a) The following alternative method may be used in
lieu of 3.6.3.1(a) to test pilot operated pressure relief
valves:
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(1) The pilot of a pilot-operated pressure relief valve
shall be tested separately to establish the pressure at
which the pilot will actuate the main valve. The test
fluid shall be that specified in Table 3.6.3.1-1.

(2) The fully assembled valve shall then be tested to
verify that all components are properly connected and
leak tight and that the pilot actuates the main valve.
For liquid or steam service, this test may be conducted
on air or other suitable gas.
(b) When the requirements of 3.6.3.1(c) cannot bemet,

one of the following alternative methods may be used:
(1) Direct Spring-Loaded Pressure Relief Valves
(-a) If testing of a direct spring-loaded pressure

relief valve is beyond the capabilities of the production
test equipment, an alternative test method [see (-b)]
may be used, provided all the following conditions are
met:

(-1) Testing the valve at full pressure could
causedamage to thevalve, or testingof thevalve is imprac-
tical due to safety considerations related to operating the
boiler system.

(-2) The valve lift has been mechanically veri-
fied as meeting or exceeding the required lift.

(-3) For valves with adjustable blowdown, the
blowdown control elements are set to the valve manufac-
turer’s specification.

(-4) The valve design is compatible with the
alternative test method selected.

(-b) One of the following alternative test methods
may be used:

(-1) The valve lift may be temporarily restricted
to avoiddamage and tested on the appropriate test fluid to
demonstrate set pressure.

(-2) The valve may be fitted with an auxiliary
lift-assist device and tested on the appropriate test
fluid at a pressure less than the valve set pressure.
The lift-assistdeviceand testprocedureshall becalibrated
to provide the set pressure setting within the tolerance
shown in Table 3.6.3.1-2.

(2) All Pressure Relief Valves. When pressure relief
valves to be tested with steam, air, or other suitable
gas are beyond the capability of the production test
facility, either because of size or set pressure, the
valves may be tested using an alternate test fluid.
Steam service valves may be tested on air or other gas.
Gas or vapor service valves may be tested on steam.

Table 3.6.3.1-1
Test Fluid for Set Pressure Tests

Pressure Relief Device

Test Fluid

Certification Mark
Designator
[Note (1)] Service

HV Steam Steam or air
Saturated water Water, steam, or air

UV Steam [Note (2)] Steam [Note (3)]
Gas or vapor Air or other suitable

gas
Incompressible
fluids (liquids)

Water or other suitable
liquid

UV3 Compressible
fluids

Air or other suitable
gas

Incompressible
fluids (liquids)

Water or other suitable
incompressible fluid

TV Compressible
fluids

Air or other suitable
gas

Incompressible
fluids (liquids)

Water or other suitable
liquid

NOTES:
(1) See the General Note of Table 2.1-1 for the valve types to which

the Certification Mark Designators apply.
(2) Also applicable for valves having special internal parts for steam

service.
(3) If the sizeor set pressureof thepressure relief valve tobe tested is

beyond the capability of the production steam test facility, the
valvemay be tested on air. Necessary corrections for differentials
in set pressure between steam and air shall be established by the
Manufacturer and applied to the set pressure on air.

Table 3.6.3.1-2
Set Pressure Tolerances for Pressure Relief Valves

Certification Mark
Designator
[Note (1)]

Set Pressure,
kPa (psi) Tolerance

HV ≤100 (≤15) ±15 kPa (±2 psi)
[Note (2)]

≤400 (≤60) ±20 kPa (±3 psi)
>400 (>60) ±5% of set pressure

UV ≤500 (≤70) ±15 kPa (±2 psi)
>500 (>70) ±3% of set pressure
All pressures −0%, +10% of set

pressure [Note (3)]
UV3 All pressures ±3% of set pressure
TV ≤500 (≤70) ±15 kPa (±2 psi)

>500 (>70) ±3% of set pressure

NOTES:
(1) See the General Note of Table 2.1-1 for the valve types to which

the Certification Mark Designators apply.
(2) This setpressure toleranceapplies to low-pressure steamheating

boilers only.
(3) This set pressure tolerance applies to valves that are capacity

certified for application in accordance with Section VIII,
Division 1, UG-153(a)(3).
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When valves are tested with an alternate fluid, the test
pressure shall be the product of the Manufacturer’s
correction factor for the differential between steam
and air or gas multiplied by the set pressure. If a cold
differential test pressure is applicable due to superim-
posed back pressure or service temperature, or both,
then the Manufacturer’s correction factor shall be
applied to the cold differential test pressure. The correc-
tion factor between steam and air or gas shall not be
included in the cold differential test pressure marked
on the valve per 3.9(e)(4)(-a).

3.6.4 Seat Tightness Test

After completion of the tests required by 3.6.3, a seat
tightness test shall be conducted in accordance with the
following:
(a) For Valves to Be MarkedWith the Certification Mark

and UV Designator. Unless otherwise designated by a
Manufacturer’s published pressure relief valve specifica-
tionor another specification agreed toby theuser, the seat
tightness test and acceptance criteria shall be in accor-
dance with API 527.
(b) For Valves to Be MarkedWith the Certification Mark

and UV3 Designator. The seat tightness test shall be
conducted at a maximum expected operating pressure
but at a pressure not exceeding the reseating pressure
of the valve. When the test is conducted with an incom-
pressible fluid, the valve shall exhibit no visible signs of
leakage. The leak rateof a valve testedwith a compressible
fluid shall meet the criteria specified in the User’s Design
Specification (see Section VIII, Division 3).
(c) For Valves to Be Marked With the Certification Mark

and HV Designator. A tightness test shall be conducted at
maximum expected operating pressure but at a pressure
not exceeding the reseating pressure of the valve.
(d) For Valves to Be MarkedWith the Certification Mark

and TV Designator. Unless otherwise designated by a
Manufacturer’s published pressure relief valve specifica-
tionor another specification agreed toby theuser, the seat
tightness test and acceptance criteria shall be in accor-
dance with API 527.

3.6.5 Blowdown Testing

Each Section IV (HV Designator) pressure relief valve
with adjustable blowdown shall be tested to demonstrate
blowdown in accordance with Table 3.4.2.3-1. When the
blowdown is nonadjustable, the blowdown test may be
performed on a sampling basis.

3.7 WELDING, BRAZING, HEAT TREATMENT, AND
NONDESTRUCTIVE EXAMINATION

All welding, brazing, heat treatment, and nondestruc-
tive examination used in the construction of bodies,
bonnets, and yokes shall be performed in accordance
with the applicable requirements of the Section of the

Certification Mark Designator applied to the pressure
relief valve.

3.8 SET PRESSURE CHANGE

The set pressure of a valve may be changed after
completion of the appropriate Certificate of Conformance
(see Nonmandatory Appendix C) but before the valve is
put into service for overpressure protection, provided all
of the following requirements are met:
(a) All parts conversions, valve adjustments, and

testing shall be performed by the Manufacturer or an
Assembler that has been granted permission to apply
the Certification Mark and appropriate Designator to
the specific valve type.
(b) The valve Manufacturer or Assembler that

performs the set pressure change shall update the Certi-
ficate of Conformance or create a new Certificate of
Conformance (see Nonmandatory Appendix C).
(c) Thechange to the setpressure shall be validatedper

3.6.3.
(d) The set pressure and capacity marked on the valve

shall be obliterated. The new set pressure and capacity
shall be marked in accordance with 3.9. When marking
is accomplished by metal nameplate, the original name-
plate shall be removed and destroyed, and a new name-
plate affixed to the valve.
(e) All other requirements of this Section for the use of

the Certification Mark and appropriate Designator shall
apply, in particular leak testing per 3.6.1 and 3.6.4, and
resealing adjustments per 3.2.9.

3.9 ð25ÞMARKING

(a) The Manufacturer or Assembler shall plainly mark
each pressure relief valve with the required data in such a
way that the marking will not be obliterated in service.
(b) The markings shall be located on the valve or a

corrosion-resistantmetal plateorplates securely fastened
to the valve.
(c) Small valves [less than DN 15 (NPS 1∕2) inlet] may

have the nameplate attachedwith a chain orwire or adhe-
sive meeting the requirements of Mandatory Appendix II
or other means suitable for the service conditions.
(d) For units of measure other than those included in

(e), see 1.5.
(e) The marking shall include the following:
(1) name, or an acceptable abbreviation, of the

Manufacturer and the Assembler, as applicable.
(2) Manufacturer’s design or type number.
(3) DN (NPS) size ______ (the nominal pipe size of the

valve inlet).
(4) set pressure ______ kPa (psi) and, if applicable per

3.6.3.1(d)
(-a) cold differential test pressure ______ kPa (psi)
(-b) superimposed back pressure ______ kPa (psi)

(5) certified capacity as follows:
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(-a) For Valves to Be Marked With the Certification
Mark and UV Designator. The valve shall be marked with
one of the following, as applicable:

(-1) ________ kg/h (lbm/hr) of saturated steam at
an overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for valves certified on steam.

(-2) _________ L/min (gpm) of water at 20°C
(70°F) at an overpressure of 10%or 20 kPa (3 psi), which-
ever is greater, for valves certified on water.

(-3) _________ m3/min of air at 20°C and 101 kPa
[standard cubic feet per minute (SCFM) of air at 60°F and
14.7 psia] or _________ kg/min (lbm/min) of air at an over-
pressure of 10%or 20 kPa (3 psi), whichever is greater for
valves certifiedonair. Valves that are capacity certified for
application in accordancewith SectionVIII, Division1,UG-
153(a)(3) shall be marked “at 20% overpressure.”

In addition to one of the fluids specified in (-1)
through (-3), the Manufacturer may indicate the capacity
in other fluids (see Mandatory Appendix IV).

(-b) For Valves to BeMarkedWith the Certification
Mark and UV3 Designator

________m3/h of air at 20°C and 101 kPa (SCFMof
air at 60°F and 14.7 psia), or ________ L/min (gpm) ofwater
at 20°C (70°F) if the pressure relief valve is to be tested to
have a certified flow capacity; see Section VIII, Division 3,
KOP-153(b) andKOP-154(b). If the pressure relief valve is
not flow capacity tested and certified, the flow capacity
shall be marked “NONE” [see Section VIII, Division 3,
KOP-154(c)]. In addition, the Manufacturer/Assembler
may indicate the flow capacity in other fluids (see
Mandatory Appendix IV).

(-c) For Valves to Be MarkedWith the Certification
Mark and HV Designator

________ kg/h (lbm/hr), or _____ kW (Btu/hr) in
accordance with 9.7.1(d)

(-d) For Valves to Be Marked With the Certification
Mark and TV Designator. The valve shall be marked with
one of the following, as applicable:

(-1) _______ L/min (gpm) of water at 20°C (70°F)
at the flow rating pressure [typically an overpressure of
10% or 20 kPa (3 psi), whichever is greater] for valves
certified on water

(-2) _______ m3/min of air at 20°C and 101 kPa
(SCFM of air at 60°F and 14.7 psia) or _______ kg/min
(lbm/min) of air at the flow rating pressure [typically
an overpressure of 10% or 20 kPa (3 psi), whichever
is greater] for valves certified on air. Valves that are ca-
pacity certified at 120% of marked set pressure as
permitted by the appropriate Section XII Modal Appendix
shall be marked “at 20% overpressure.”

In addition to one of the fluids specified in (-1) and
(-2), the Manufacturer may indicate the capacity in other
fluids (see Mandatory Appendix IV).

(6) year built, or alternatively, a coding may be
marked on the valve such that the valve Manufacturer
or Assembler can identify the year the valve was
assembled and tested.

(7) Certification Mark and the appropriate Desig-
nator placed under the Certification Mark (see
Figure 10.1-1). A marking method other than the
stamp issued by the Society may be used, provided it
is acceptable to the ASME Designated Organization.
(f) Specific valve types require additional markings, as

follows:
(1) The pilot of a pilot-operated pressure relief valve

shall be plainlymarked by theManufacturer or Assembler
with the name of the Manufacturer, the Manufacturer’s
design or type number, the set pressure in kilopascals
(pounds per square inch), and the year built or, alterna-
tively, a coding that the Manufacturer can use to identify
the year built. The pilot andmain valve of a pilot-operated
pressure relief valve shall each be marked with the same
unique identifier to establish association of both compo-
nents.

(2) Restricted lift valves shall be marked with their
restricted lift in millimeters (inches).

(3) SectionXII (TVDesignator) pressure relief valves
shall be marked with the vessel class, based on the appli-
cable Modal Appendix used to establish the certified
flowing capacity.
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PART 4
REQUIREMENTS FOR RUPTURE DISK DEVICES

4.1 GENERAL

4.1.1 Applicability of Part 4 Requirements

This Part contains requirements applicable to all
rupture disk devices that are to be marked with the Certi-
ficationMarkandanyDesignator. Requirementsunique to
a specific Designator are identified.

4.1.2 Burst Pressure

(a) Every rupture disk shall have a marked burst pres-
sure established by the requirements of 4.5.2 within a
manufacturing design range at a specified disk tempera-
ture and shall be traceable by lot number. The manufac-
turing design range shall be evaluated in conjunctionwith
the specified burst pressure to ensure that the marked
burst pressure of the rupture disk will always be
within the limits of the particular agreed-upon require-
ment. Users are cautioned that certain types of rupture
disks have manufacturing ranges that can result in a
marked burst pressure greater than the specified burst
pressure.
(b) For rupture disk devices with marked burst pres-

sures up to and including 300 kPa (40 psi), the burst pres-
sure tolerance at the specified disk temperature shall not
exceed ±15 kPa (±2 psi); for devices with marked burst
pressuresabove300kPa (40psi), theburstpressure toler-
ance at specified disk temperature shall not exceed ±5%.
For Section XII (TD Designator) devices, these tolerances
apply unless other requirements are identified by the
competent authority or by the Section XII Modal Appen-
dices.

4.1.3 Relieving Capacity

4.1.3.1 The relieving capacity of rupture disk devices
shall be certified based on the simple systemor flow resis-
tance methods described in 4.1.3.2 or the coefficient of
discharge method described in 4.1.3.3.

4.1.3.2ð25Þ The relieving capacity of a pressure relief
system that uses a flow-resistance-certified rupture
diskdeviceas the sole relievingdevice shall bedetermined
by the user based on a value calculated in accordancewith
one of the following methods:

(a) Simple System Method. The simple system method
may be used to determine the relieving capacity of a pres-
sure relief system that includes a rupture disk device,
provided the following conditions are met:

(1) The pressure relief system that includes the
rupturedisk device discharges directly to the atmosphere.

(2) The rupture disk device is installed within eight
pipe diameters of the vessel nozzle entry.

(3) The discharge piping downstream of the rupture
disk device is not greater than five pipe diameters in
length.

(4) The nominal diameters of the inlet and discharge
piping are equal to or greater than the marked DN (NPS)
designator of the device.
The calculated relieving capacity of the simple pressure

relief system shall not exceed a value based on the appli-
cable theoretical flowequation [see9.7.6.4 andMandatory
Appendix IV] for the various fluids multiplied by a coeffi-
cient of discharge,K, equal to 0.62. The area,A, in the theo-
retical flowequationshall be theminimumnet flowareaas
specified by the rupture disk device Manufacturer.
(b) Flow Resistance Method. The calculated capacity of

any pressure relief system may be determined by
analyzing the total system resistance to flow. This analysis
shall take into consideration the flow resistance of the
rupture disk device; piping; and piping components,
including the exit nozzle on the vessels, and elbows,
tees, reducers, and valves. The calculation shall be
made using accepted engineering practices for deter-
mining fluid flow through piping systems. This calculated
relieving capacity shall bemultiplied by a factor of 0.90 or
less to allow for uncertainties inherent to thismethod. The
certified flow resistance, KR, for the rupture disk device,
expressed as the velocity head loss, shall be determined in
accordance with Part 9.

4.1.3.3 The relieving capacity of a pressure relief
system that uses a capacity-certified rupture disk
device as the sole relieving device shall be determined
based on the certified capacity marked on the device
and the characteristics of the system fluid and system
components upstream and downstream of the rupture
disk device. The certified coefficient of discharge, KD,
for the rupture disk device shall be determined in accor-
dance with Part 9.
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4.2 DESIGN AND MECHANICAL REQUIREMENTS

(a) The design of the rupture disk device shall incor-
porate features necessary to ensure consistent operation
and tightness.
(b) Rupturediskdeviceshaving threaded inlet oroutlet

connections shall be designed to allow for normal installa-
tion without damage to the rupture disk.
(c) Section VIII, Division 3 (UD3 Designator) rupture

disk holders shall comply with the applicable require-
ments of Section VIII, Division 3, Part KD. Alternatively,
it is permissible to design rupture disk holders in accor-
dance with the rules in ASME B31.3, Chapter IX, provided
that

(1) the materials for the holder meet the require-
ments of 4.3.2

(2) all components of the rupture disk device are
outside of the geometric scope of Section VIII, Division
3 and are part of the external piping as defined in
Section VIII, Division 3, KG-110
(d) For Section VIII, Division 3 (UD3 Designator)

rupture disk devices, the Manufacturer of the rupture
disk holder may be different from the Manufacturer of
the rupture disk.

4.3 MATERIAL REQUIREMENTS

4.3.1 Disk Material

(a) The rupture disk material is not required to
conform to a material specification listed in Section II.
(b) The rupture diskmaterial shall be controlled by the

Manufacturer of the rupture disk device by a specification
ensuring the control of material properties.
(c) Rupture disksmay be fabricated fromeither ductile

or brittle materials.

4.3.2 Pressure-Retaining Parts

4.3.2.1 Materials used in pressure-containing or pres-
sure-retainingholder components andpressure-retaining
bolting shall be as permitted in Section II, Part D by the
referencing Code. In addition, the following requirements
apply:
(a) Section VIII, Division 1 (UD Designator) pressure-

containing or pressure-retaining holder components and
pressure-retaining rupture disk holders and bolting shall
meet all applicable requirements of Section VIII, Division
1, Subsection C.
(b) Section VIII, Division 3 (UD3 Designator) pressure-

containing or pressure-retaining holder components and
pressure-retaining rupture disk holders and bolting shall
meet all applicable requirements of Section VIII, Division
3, Article KM.
(c) Section XII (TD Designator) pressure-containing or

pressure-retaining holder components and pressure-
retaining rupture disk holders and bolting shall meet
all applicable requirements of Section XII, Part TM.

4.3.2.2 Other than as specified in 4.3.2.1, all parts
required for the pressure-relieving or pressure-retaining
function shall be of materials that are
(a) listed in Section II, or
(b) listed in ASTM specifications, or
(c) controlled by the Manufacturer of the pressure

relief device by a specification ensuring control of chem-
ical and physical properties and quality at least equivalent
to that of ASTM standards

4.4 INSPECTION OF MANUFACTURING

4.4.1 General

(a) A Manufacturer shall demonstrate to the satisfac-
tion of a representative from an ASME Designated Orga-
nization that the manufacturing, production, and testing
facilities and the quality control procedures will ensure
close agreement between the performance of random
production samples and the performance of those
devices submitted for certification.
(b) At the time of the submission of rupture disk

devices for capacity certification or testing in accordance
with 4.4.3, the representative of the ASME Designated
Organization has the authority to review the device
design for conformity with the requirements of 4.2 and
4.3, and to reject or require modification of designs
that do not conform.

4.4.2 Verification

Manufacturing, assembly, inspection, and test opera-
tions are subject to inspections at any time by an
ASME Designee.

4.4.3 ð25ÞProduction Certification

AManufacturermay be granted permission to apply the
CertificationMark and appropriate Designator to produc-
tion rupture disk devices capacity or flow resistance certi-
fied in accordance with Part 9, provided the testing
described in this paragraph is successfully completed.
This permission shall expire on the sixth anniversary
of the date it is initially granted. The permission may
be extended for 6-yr periods if the testing described in
this paragraph are successfully repeated within the 6-
month period before expiration.

4.4.3.1 Sample Selection

(a) Two production sample rupture disk devices of a
size and capacity within the capability of an ASME
accepted laboratory shall be selected by a representative
of an ASME Designated Organization.
(b) If a Section VIII, Division 3 (UD3 Designator)

rupture disk device incorporates a Manufacturer’s stan-
dard rupture disk holder from a different Manufacturer,
two new rupture disk holders shall be procured by the
rupture disk Manufacturer for use in the tests.
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4.4.3.2ð25Þ Testing. Burst and flow testing shall be
conducted in the presence of a representative from an
ASME Designated Organization at a testing facility
meeting the requirements of ASME CA-1. The device
Manufacturer shall be notified of the time of the test
and may have representatives present to witness the
test. Capacity or flow resistance flow testing shall be
performed in accordance with the original certification
method. For devices certified for flow resistance, a
minimum net flow area evaluation shall also be
performed.

4.4.3.3 Test Results

(a) Should any device fail to meet or exceed the appli-
cable performance requirements of this Section, the
test(s) shall be repeated at the rate of two replacement
devices, selected and tested in accordancewith4.4.3.1 and
4.4.3.2, for each device that failed.
(b) Should any of the replacement devices fail to meet

the capacity or performance requirements of this Section,
the Manufacturer shall determine the cause of failure and
take corrective action to guard against future occurrence.
This cause of failure and corrective action shall be docu-
mented and submitted to the ASME Designated Organiza-
tionwithin60daysof the failureorbe cause for revocation
of the authorization to use the Certification Mark on that
particular type of device. Upon acceptance of the
submittedcorrectiveactionby theASMEDesignatedOrga-
nization, the requirements of 4.4.3 shall apply.

4.5 PRODUCTION TESTING

Eachrupturediskdevice towhich theCertificationMark
is to be applied shall be tested by the Manufacturer in
accordance with 4.5.1 and 4.5.2. The Manufacturer
shall have a documented system for the application, cali-
bration, and maintenance of gages and instruments used
during these tests.

4.5.1 Pressure Testing

(a) The pressure-containing parts of each rupture disk
holder are subject to pressure testing.
(b) Except as specified in (c), a rupture disk holder part

requiring pressure testing shall be tested either
(1) hydrostatically at a pressure no less than 1.5

times the design pressure of the part, or
(2) pneumatically at a pressure no less than 1.25

times the design pressure of the part
CAUTION: Pneumatic testing can be hazardous; it is there-
fore recommended that special precautions be taken when
conducting a pneumatic test.

(c) Devices to be marked with the Certification Mark
and UD3 Designator shall be tested hydrostatically
only, at a pressure no less than 1.25 times the design pres-

sure and no greater than the pressure determined in
accordance with Section VIII, Division 3, KT-312.
(d) Pressure testing may be done in the part or

assembled condition.
(e) Pressure testing shall be conducted after all

machining and welding operations have been completed.
(f) Parts subjected to pressure testing shall not exhibit

a sign of leakage.
(g) Parts fully contained within the holder or vessel, or

parts downstream of the rupture disk and not designed to
contain pressure, are exempt from pressure testing.
(h) A rupture disk holder part to be marked with the

Certification Mark and UD or TD Designator is exempt
from pressure testing if both of the following conditions
apply:

(1) The stress that would be applied under hydro-
static test conditionsdoesnot exceed50%of theallowable
stress.

(2) The holder is not cast or welded.

4.5.2 Burst Tests

(a) General. Each lot of rupture disks shall be tested in
accordance with one of the methods described in (b). All
tests of disks for a given lot shall be performed with a
holder of the same form and pressure area dimensions
as that being used in service. Sample rupture disks,
selected from each lot of rupture disks, shall be made
from the same material and shall be of the same size
as those to be used in service. Test results shall be appli-
cable only to rupture disks used in disk holders supplied
by the rupture diskManufacturer or, for Section VIII, Divi-
sion 3 (UD3 Designator) devices, installed in the Manu-
facturer’s standard rupture disk holders as specified in
the required rupture disk marking.
(b) Test Methods
(1) At least two sample rupturedisks fromeach lot of

rupture disks shall be burst at the specified disk tempera-
ture. The marked burst pressure shall be determined so
that the sample rupture disk burst pressures are within
the burst pressure tolerance specified in 4.1.2(b).

(2) At least four sample rupture disks, but not less
than 5% from each lot of rupture disks, shall be burst at
four different temperatures distributed over the applica-
ble temperature range for which the disks will be used.
This data shall beused to establish a smooth curveof burst
pressure versus temperature for the lot of disks. The burst
pressure for each data point shall not deviate from the
curve bymore than the burst pressure tolerance specified
in 4.1.2(b). The value for the marked burst pressure shall
be derived from the curve for a specified temperature. At
least two disks fromeach lot of disks,made from this lot of
material, shall be burst at the ambient temperature to
establish the room temperature rating of the lot of disks.

(3) For prebulged solidmetal disks or graphite disks
only, at least four sample rupture disks using one size of
disk from each lot of material shall be burst at four
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different temperatures distributed over the applicable
temperature range for which this material will be
used. These data shall be used to establish a smooth
curveof percent changeof burst pressure versus tempera-
ture for the lot of material. The acceptance criteria of
smooth curve shall be as in (2). At least two disks
from each lot of disks, made from this lot of material
and of the same size as those to be used, shall be
burst at the ambient temperature to establish the
room temperature rating of the lot of disks. The
percent change shall be used to establish the marked
burst pressure at the specified disk temperature for
the lot of disks.

4.6 WELDING, BRAZING, HEAT TREATMENT, AND
NONDESTRUCTIVE EXAMINATION

All welding, brazing, heat treatment, and nondestruc-
tive examination used in the construction of rupture disk
holders and pressure parts shall be performed in accor-
dance with the applicable requirements of the Section of
the Certification Mark Designator applied to the rupture
disk device.

4.7 MARKING

4.7.1 General

(a) The Manufacturer shall plainly mark each rupture
disk and holder with the required data in such a way that
the marking will not be obliterated in service and will not
interfere with the function of the disk (see 12.3).
(b) The markings may be placed on the flange of the

diskorametal tag. Themetal tag shall be securely fastened
to thediskor,whenattaching the tag is impracticable, shall
accompany the disk, provided the lot number is also
marked on the disk.
(c) For units other than those included in 4.7.2 and

4.7.3, see 1.5.

4.7.2 Rupture Disks

Each rupture disk shall be marked with the following
information:
(a) name of the Manufacturer, or an acceptable abbre-

viation thereof.
(b) Manufacturer’s design or type number.
(c) lot number.
(d) disk material.
(e) DN (NPS) size __________ of rupture disk holder, or

nominal diameter, mm (in.), as applicable.
(f) marked burst pressure __________ kPa (psi).
(g) specified disk temperature __________ °C (°F).
(h) for capacity-certified devices, one of the following:
(1) _________ kg/h (lbm/hr) of saturated steam at an

overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for devices certified on steam.

(2) _________ L/min (gpm) of water at 20°C (70°F) at
an overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for devices certified on water.

(3) _________m3/min of air at 20°C and 101 kPa [stan-
dard cubic feet per minute (SCFM) of air at 60°F and 14.7
psia] or _________ kg/min (lbm/min) of air, at an overpres-
sure of 10% or 20 kPa (3 psi), whichever is greater, for
devices certified on air or gas. Devices that are capacity
certified in accordance with the Section VIII, Division 1,
UG-153(a)(3) shall be marked “at 20% overpressure.”
In addition to one of the fluids specified in (1) through

(3), the Manufacturer may indicate the capacity in other
fluids (see Mandatory Appendix IV).
(i) for flow-resistance-certified devices
(1) minimum net flow area _____ mm2 (in.2)
(2) certified flow resistance (one or more as appli-

cable)
(-a) KRG __________ for rupture disks certified on air

or gases
(-b) KRL __________ for rupture disks certified on

liquid
(-c) KRGL __________ for rupture disks certified on air

or gases, and liquid
(j) Certification Mark and the appropriate Designator

placed under the Certification Mark (see Figure 10.1-1). A
marking method other than the stamp issued by the
Society may be used, provided it is acceptable to the
ASME Designated Organization.
(k) year built, or alternatively, a codingmay bemarked

such that the rupture disk device Manufacturer can iden-
tify the year the rupture disk device was manufactured
and tested.
(l) design, type number, or drawing number of the

intended Manufacturer’s standard rupture disk holder
[forSectionVIII,Division3 (UD3Designator)devicesonly]

4.7.3 Rupture Disk Holders

Each rupture disk holder shall be marked with the
following information:
(a) name of the Manufacturer, or an acceptable abbre-

viation thereof.
(b) Manufacturer’s design or type number.
(c) DN (NPS) size __________ of rupture disk holder, or

nominal diameter, mm (in.), as applicable.
(d) Certification Mark and the appropriate Designator

placed under the Certification Mark (see Figure 10.1-1). A
marking method other than the stamp issued by the
Society may be used provided it is acceptable to the
ASME Designated Organization.
(e) year built, or alternatively, a codingmay bemarked

such that the rupture disk device Manufacturer can iden-
tify the year the rupture disk device was manufactured
and tested.
(f) flow direction.
(g) “DIV3” for UD rupture disk devices manufactured

per Section VIII, Division 3, KOP-152(c).
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PART 5
REQUIREMENTS FOR PIN DEVICES

5.1 GENERAL

5.1.1 Applicability of Part 5 Requirements

This Part contains requirements applicable to all pin
devices that are to be marked with the Certification
Mark and any Designator. Requirements unique to a spe-
cific Designator are identified.

5.1.2ð25Þ Set Pressure

(a) Everypindevice shall haveamarkedsetpressureat
the specified pin temperature established by the rules of
5.5.2.
(b) The pin temperature may be different from the

process temperature for pin devices in which the pin
is isolated from operating conditions.
(c) Forpin deviceswithmarked set pressuresup to and

including 300 kPa (40 psi), the set pressure tolerance at
the pin temperature shall not exceed ±15 kPa (±2 psi). For
pin devices with marked set pressures above 300 kPa
(40 psi), the set pressure tolerance at pin temperature
shall not exceed ±5%. For Section XII (TD Designator)
pin devices, these tolerances apply unless other require-
ments are identified by the competent authority or by the
Section XII Modal Appendices.

5.1.3 Relieving Capacity

5.1.3.1 The relieving capacity of pin devices shall be
certified based on the simple system or flow resistance
methods described in 5.1.3.2, or the coefficient of
discharge method described in 5.1.3.3.

5.1.3.2ð25Þ The relieving capacity of a pressure relief
system that uses a flow-resistance-certified pin device
as the sole relieving pin device shall be determined by
the user based on a value calculated in accordance
with one of the following methods:
(a) Simple System Method. The simple system method

may be used to determine the relieving capacity of a pres-
sure relief system that includes a pin device, provided the
following conditions are met:

(1) The pressure relief system that includes the pin
device discharges directly to the atmosphere.

(2) The pin device is installed within eight pipe
diameters of the vessel nozzle entry.

(3) The discharge piping downstream of the pin
device is not greater than five pipe diameters in length.

(4) The nominal diameters of the inlet and discharge
piping are equal to or greater than the marked DN (NPS)
designator of the pin device.
The calculated relieving capacity of the simple pressure

relief system shall not exceed a value based on the appli-
cable theoretical flowequation [see9.7.6.4 andMandatory
Appendix IV] for the various fluids multiplied by a coeffi-
cient of discharge,K, equal to 0.62. The area,A, in the theo-
retical flowequationshall be theminimumnet flowareaas
specified by the pin device Manufacturer.
(b) Flow Resistance Method. The calculated capacity of

any pressure relief system may be determined by
analyzing the total system resistance to flow. This analysis
shall take into consideration the flow resistance of the pin
device; piping; and piping components, including the exit
nozzle on the vessels, and elbows, tees, reducers, and
valves. The calculation shall bemade using accepted engi-
neering practices for determining fluid flow through
piping systems. This calculated relieving capacity shall
bemultiplied by a factor of 0.90 or less to allow for uncer-
tainties inherent with this method. The certified flow
resistance,KR, for the pin device, expressed as the velocity
head loss, shall be determined in accordance with Part 9.

5.1.3.3 The relieving capacity of the pressure relief
system that uses a capacity-certified pin device as the
sole relieving pin device shall be determined based on
the certified capacity marked on the pin device and
the characteristics of the system fluid and system compo-
nents upstream and downstream of the pin device. The
certified coefficient of discharge, KD, for the pin device
shall be determined in accordance with Part 9.

5.2 ð25ÞDESIGN AND MECHANICAL REQUIREMENTS

(a) The design shall incorporate guiding arrangements
necessary to ensure consistent operation and seat tight-
ness.
(b) The seat of a pin device shall be fastened to thebody

of thepindevice in suchaway that there isnopossibility of
the seat moving from its required position.
(c) In the design of the pin device, consideration shall

be given to minimizing the effects of deposits.
(d) Pin devices having threaded inlet or outlet connec-

tions shall be provided with wrenching surfaces to allow
fornormal installationwithout damage to operatingparts.
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(e) Means shall be provided in the design for sealing all
critical parts to ensure that these parts are original and
unmodified. Seals shall be installed in amanner to prevent
changing or modifying parts without breaking the seal. If
the pin is replaceable, this component is not required tobe
sealed if it is marked in accordance with 5.7.3(a). Seals
shall be installed by the Manufacturer. For pin devices
larger than DN 15 (NPS 1∕2), the seal shall serve as a
means of identifying the pin device Manufacturer.
(f) If the design of the pin device is such that liquid can

collect on the discharge side, then, except as permitted in
(g), the pin device shall be equipped with a drain at the
lowest point at which liquid can collect.
(g) Apindevice that cannot be equippedwith adrain as

required in (f) because of design or application may be
used, provided all of the following conditions are met:

(1) The pin device is used only on gas service where
there is neither liquid discharged from the pin device nor
liquid formedby condensationon the discharge side of the
pin device.

(2) The pin device is provided with a cover or
discharge piping per 12.8 to prevent liquid or other
contaminant from entering the discharge side of the
pin device.

(3) Thepindevice ismarkedFORGASSERVICEONLY
in addition to being marked as required by 5.7.
(h) All pin devices shall be constructed so that the

failure of any part cannot obstruct the free and full
discharge of fluid from the pin device.
(i) O-rings or other packing devices, when used on the

stems of pin devices, shall be arranged so that the pin
device performance meets the requirements of this
Section.
(j) Pilot-operated pin devices shall be designed such

that
(1) the pilot is self-actuated
(2) the main valve will open automatically at a pres-

sure not exceeding the set pressure
(3) if some essential part of the pilot fails, the main

valve will discharge its full rated capacity at or below the
relieving pressure used to determine its rated capacity
(k) Spring-actuated pin devices shall meet the require-

ments of Parts 5 and 6.
(l) Pins shall be manufactured by the pin device Manu-

facturer.

5.3 MATERIAL REQUIREMENTS

(a) Cast iron seats and disks are not permitted.
(b) Adjacent sliding and sealing surfaces shall both be

of a corrosion‐resistant material suitable for use with the
fluid to be contained.
(c) Materials used in pressure-containing or pressure-

retaining components and pressure-retaining bolting,
excluding proprietary pin material, shall be as permitted
in Section II, Part D by the referencing Code. In addition,
the following requirements apply:

(1) For Section VIII, Division 1 (UD Designator) pin
devices, the pressure-containing or pressure-retaining
components and pressure-retaining bolting shall meet
all applicable requirements of Section VIII, Division 1,
Subsection C.

(2) For Section VIII, Division 3 (UD3 Designator) pin
devices, the pressure-containing or pressure-retaining
components and pressure-retaining bolting shall meet
all applicable requirements of Section VIII, Division 3,
Article KM.

(3) For Section XII (TD Designator) pin devices, the
pressure-containing or pressure-retaining components
and pressure-retaining bolting shall meet all applicable
requirements of Section XII, Part TM.
(d) Other than as specified in (c), all parts required for

the pressure-relieving or pressure-retaining function
shall be of materials that are

(1) listed in Section II, or
(2) listed in ASTM specifications, or
(3) controlled by the Manufacturer of the pin device

by a specification ensuring control of chemical and
physical properties and quality at least equivalent to
that of ASTM standards
(e) Materials used for pins shall be controlled by the

Manufacturer of the pin device by a specification ensuring
the control of material properties.
(f) The seats anddisks of pin devices shall be of suitable

material to resist corrosion by the fluid to be contained.
The degree of corrosion resistance, appropriate to the
intended service, shall be a matter of agreement
between the Manufacturer and the purchaser.
(g) Nonmetallic disk inserts and seals shall be compat-

ible with the maximum design temperature established
for the pin device.
(h) Adjacent sliding surfaces shall both be of corrosion-

resistant material. The degree of corrosion resistance,
appropriate to the intended service, shall be a matter
of agreement between the Manufacturer and purchaser.

5.4 INSPECTION OF MANUFACTURING

5.4.1 General

(a) A Manufacturer shall demonstrate to the satisfac-
tion of a representative from an ASME Designated Orga-
nization that the manufacturing, production, and testing
facilities and the quality control procedures will ensure
close agreement between the performance of random
production samples and the performance of those pin
devices submitted for certification.
(b) At the time of the submission of pin devices for ca-

pacity certification or testing in accordancewith 5.4.2, the
representative of the ASME Designated Organization has
the authority to review the pin device design for confor-
mity with the requirements of 5.2, 5.3, and 5.5.3, and to
reject or require modification of designs that do not
conform.
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(c) Manufacturing, assembly, inspection, and test
operations, including capacity, are subject to inspections
at any time by a representative from an ASME Designated
Organization.

5.4.2ð25Þ Production Certification

A Manufacturer or Assembler may be granted permis-
sion to apply the Certification Mark and appropriate
Designator to production pin devices whose capacity
or flow resistance has been certified in accordance
with Part 9, provided the testing described in this para-
graph is successfully completed. This permission shall
expire on the sixth anniversary of the date it is initially
granted. The permissionmay be extended for 6-yr periods
if the testing described in this paragraph is successfully
repeated within the 6-month period before expiration.

5.4.2.1 Sample Selection. Two production sample pin
devices of a size and capacity within the capability of an
ASME-accepted laboratoryshall be selectedbyarepresen-
tative of an ASME Designated Organization.

5.4.2.2ð25Þ Testing.Operational andcapacity or flowresis-
tance testing shall be conducted in thepresence of a repre-
sentative from an ASME Designated Organization at a
testing facility meeting the requirements of ASME CA-
1. The pin device Manufacturer shall be notified of the
time of the test and may have representatives present
to witness the test.

5.4.2.3 Test Results

(a) Should any pin device fail to meet or exceed the
applicable performance requirements of this Section,
the test(s)may be repeated at the rate of two replacement
pin devices, selected and tested in accordancewith 5.4.2.1
and 5.4.2.2, for each pin device that failed.
(b) Should any of the replacement pin devices

described in (a) fail to meet the capacity or performance
requirements of this Section, the Manufacturer shall
determine the cause of failure and take corrective
action to guard against future occurrence. This cause
of failure and corrective action shall be documented
and submitted to the ASME Designated Organization
within 60 days of the failure or be cause for revocation
of the authorization to use the Certification Mark on that
particular type of pin device. Upon acceptance of the
submittedcorrectiveactionby theASMEDesignatedOrga-
nization, the requirements of 5.4.2 shall apply.

5.4.2.4ð25Þ Alternative Tests for Pin Devices That Exceed
the Laboratory Capabilities

(a) For pin devices that exceed the laboratory testing
capabilities and forwhich lift at rated overpressure can be
measured or complete opening can be verified, the alter-
nativemethod described below shall be used in lieu of the
test requirements of 5.4.2, 5.4.2.1, and 5.4.2.3(a).

(1) Two production pin devices that are representa-
tive of the design shall be tested per Mandatory Appendix
V, Article V-3. The tests shall demonstrate to the satisfac-
tion of the representative of the ASME Designated Orga-
nization that the pin devices satisfy the following
conditions:

(-a) The measured set pressure is consistent with
the stamped set pressure within the tolerances required
by 5.1.2(c).

(-b) The pin device will achieve complete opening
or theminimum lift required tomeet its certified capacity.

(-c) Thepindevicewill operate in a stablemanner.
If only one pin device of the design will be produced

within the6-yr period forwhich thepermission is granted,
only that pin device need be tested as stated above.

(2) The testing shall be performed at a facility that is
mutually agreeable to the Manufacturer, the representa-
tive of an ASME Designated Organization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (1)(-a) through (1)(-c).

(3) In the event of failure of the tests, 5.4.2.3(b) shall
apply.
(b) For pin devices that exceed the laboratory testing

capabilities and forwhich lift at ratedoverpressure cannot
be measured or complete opening cannot be verified, the
alternative method described below shall be used.

(1) For initial certification, two functional models
that are representative of the design shall be used,
provided the test requirements of 5.4.2 are followed
and the following additional test requirements are met:

(-a) Two production pin devices that are repre-
sentative of the design shall be tested per Mandatory
Appendix V, Article V-3. The tests shall demonstrate to
the satisfaction of the representative of the ASME Desig-
nated Organization that

(-1) the measured set pressure is consistent
with the stamped set pressure within the tolerances
required by 5.1.2(c)

(-2) a secondary pressure zone leakage test and
a seat tightness test are demonstrated in accordance with
5.5.1(g) and 5.5.3

If onlyonepindeviceof thedesignwill beproduced
within the6-yr period forwhich thepermission is granted,
only that pin device need be tested as stated above.

(-b) The testing shall beperformedat a facility that
is mutually agreeable to the Manufacturer, the represen-
tativeof anASMEDesignatedOrganization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (-a)(-1) and (-a)(-2).

(-c) ) In the event of failure of the tests, 5.4.2.3(b)
shall apply.

(2) For 6-yr renewal of capacity or flow resistance
certification, (1)(-a) through (1)(-c) shall apply.
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5.5 PRODUCTION TESTING

Each pin device to which the Certification Mark is to be
applied shall be tested by theManufacturer in accordance
with 5.5.1 and 5.5.2. The Manufacturer shall have a docu-
mented system for the application, calibration, and main-
tenance of gages and instruments used during these tests.

5.5.1 Pressure Testing

(a) The pressure-containing parts of each pin device
are subject to pressure testing.
(b) A pin device part is exempt from pressure testing if

any of the following conditions exist:
(1) The stress that would be applied under hydro-

static test conditionsdoesnot exceed50%of theallowable
stress, and the part is not cast or welded.

(2) The part is downstream of the pressure-
containing element and fully within pressure-containing
parts that have been either pressure tested or exempted
from pressure testing by (1).
(c) Apin device part requiring pressure testing shall be

tested either
(1) hydrostatically at a pressure no less than 1.5

times the design pressure of the part, or
(2) pneumatically at a pressure no less than 1.25

times the design pressure of the part
CAUTION: Pneumatic testing can be hazardous; it is there-
fore recommended that special precautions be taken when
conducting a pneumatic test.

(d) Pressure testing may be done in the part or
assembled condition.
(e) Pressure testing shall be conducted after all

machining and welding operations have been completed.
(f) Parts subjected to pressure testing shall not exhibit

a sign of leakage.
(g) If a pin device designed for discharge to a closed

system has a secondary pressure zone with an inlet
size exceeding DN 25 (NPS 1), the secondary pressure
zone shall be tested with air or other gas at a pressure
of at least 200 kPa (30 psi). There shall be no visible
signs of leakage. The user may specify a higher test pres-
sure commensurate with the back pressure anticipated in
service.

5.5.2 Set Pressure Qualification Testing

5.5.2.1 Set pressure qualification of a pin device shall
be accomplished by completing set pressure testing in the
pin device. At least two pins from the same lot shall be
tested in the pin device. For single-use, permanently
assembled pin devices that have the same specification
and configuration and that will be supplied as a single
lot, at least two completed pin devices shall be tested.
The tests shall be conducted at the pin temperature or
according to 5.5.2.2(d). The test pressure shall be
within the tolerance specified in 5.1.2(c).

5.5.2.2 For all pin lot qualification testing, the
following requirements apply:
(a) Sample pins selected from each lot shall be made

from the same material and heat and shall be of the same
critical dimension as those to be used in service.
(b) Test results shall be applicable only to pins used in

pin devices supplied by the pin device Manufacturer.
(c) At least two pins or two single‐use, permanently

assembled pin devices from the same lot shall be tested.
(d) Tests shall be conducted at ambient temperature or

the pin temperature (as agreed to between the pin device
Manufacturerand theuser).TheManufacturer shall estab-
lish a temperature range for which testing at ambient
temperature is applicable. For qualification of a pin lot
at a single pin temperature, at least two pin tests shall
be conducted at the specified pin temperature.
(e) Pin testing shall be completed in the actual pin

device(s) or in accordance with one or both of the
following methods:

(1) Lot qualification testing shall be done in a test pin
device of the same form and pressure area dimensions as
that in which the pins will be used. At least two set pres-
sure tests shall be completed at the pin temperature in
accordance with (d). The tests shall be within the toler-
ance specified.

(2) The set pressure of a lot of pins for a pin device
may be verified by a characterization test that determines
the activation loading (force) under pin device–opening
conditions. The following characterization test conditions
shall apply:

(-a) The pin-retaining arrangement shall be the
same for all characterization tests applied to a pin device.

(-b) At least two pins from the same lot as tested
under 5.5.2.1 or (1) shall be tested to determine the acti-
vation force that correlates to the testedsetpressureof the
pin device. The average of these test results defines the
base force that shall be used to permit further pin quali-
fication by characterization rather than by set pressure
testing of the pin device. The following equation shall
be used to define a corrected base force that corresponds
to the nominal set pressure of the pin device:

= ×
corrected base force, N (lbf)

nominal set pressure, kPa (psi) average base force, N (lbf)
average tested set pressure, kPa (psi) per 5.5.2.1 or (e)(1)

(-c) This correctedbase force, rather thansetpres-
sure testing of the pin device, may be used to qualify addi-
tional pin quantities and lots, provided thepins function at
activation forces that arewithin±3%of the correctedbase
force for set pressures above 300 kPa (40 psi). For set
pressures below 300 kPa (40 psi), the tested components
shall function at activation forces within a plus–minus
tolerance of the corrected base force determined as
follows:
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(SI Units)

±

= ×

% tolerance for actual test forces
300 kPa

corresponding nominal set pressure, kPa
3%

(U.S. Customary Units)

±

= ×

% tolerance for actual test forces
40 psi

corresponding nominal set pressure, psi
3%

5.5.3 Seat Tightness Test

A seat tightness test shall be conducted on each pin
device. The test conditions and acceptance criteria
shall be in accordance with the Manufacturer’s published
pin device specification or another specification agreed to
by the user and the Manufacturer.

5.6 WELDING, BRAZING, HEAT TREATMENT, AND
NONDESTRUCTIVE EXAMINATION

All welding, brazing, heat treatment, and nondestruc-
tive examination used in the construction of bodies,
bonnets, and yokes shall be performed in accordance
with the applicable requirements of the Section of the
Certification Mark Designator applied to the pin device.

5.7 MARKING

5.7.1ð25Þ General

The Manufacturer shall plainly mark each pin device
with the required data in such a way that the marking
will not be obliterated in service. The marking shall be
placed on the pin device housing or on a metal plate
or plates securely fastened to the pin device. If suchmark-
ingswill notbevisiblewhen thepindevice is in service, the
marking shall be placed on a tab attached as close as
possible to the discharge side of the pin device. The
tab shall remain visible when installed.

5.7.2 Pin Devices

Each pin device shall be marked with the following in-
formation. For units ofmeasure other than those included
below, see 1.5.
(a) name of the Manufacturer, or an acceptable abbre-

viation thereof.
(b) Manufacturer’s design or type number.
(c) DN (NPS) size __________ (the nominal pipe size of the

pin device inlet).
(d) set pressure __________ kPa (psi).
(e) flow direction.

(f) pin-to-pin device identifier.
(g) for capacity-certified pin devices, one of the

following, as applicable:
(1) ______ kg/h (lbm/hr) of saturated steam at an

overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for pin devices certified on steam.

(2) _______L/min (gpm) of water at 20°C (70°F) at an
overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for pin devices certified on water.

(3) _______ m3/min of air at 20°C and 101 kPa [stan-
dard cubic feet per minute (SCFM) of air at 60°F and 14.7
psia)] or ________ kg/min (lbm/min) of air at an overpres-
sure of 10% or 20 kPa (3 psi), whichever is greater. Pin
devices for use in accordancewith Section VIII, Division 1,
UG-153(a)(3) or at 120% of marked set pressure as
permitted by the appropriate Section XII Modal Appendix
shall be marked “at 20% overpressure.”
In addition to one of the fluids specified in (1) through

(3), the Manufacturer may indicate the capacity in other
fluids (see Mandatory Appendix IV).
(h) for flow-resistance-certified pin devices
(1) minimum net flow area __________ mm2 (in.2)
(2) certified flow resistance (one or more as appli-

cable)
(-a) KRG __________ for pin devices certified on air or

gases
(-b) KRL __________ for pin devices certified on liquid
(-c) KRGL __________ forpindevices certifiedonair or

gases, and liquid
(i) Certification Mark and the appropriate Designator

placed under the CertificationMark (see Figure 10.1-1). A
marking method other than the stamp issued by the
Society may be used provided it is acceptable to the
ASME Designated Organization.
(j) year built, or alternatively, a coding may be marked

on the pin device such that the pin device Manufacturer
can identify the year the pin device was tested.

5.7.3 ð25ÞPin

The pin shall be marked according to one of the
following methods:
(a) For pin devices using replaceable pins, the pin shall

be marked with its lot number; pin temperature, °C (°F);
and the information requiredby5.7.2(a), 5.7.2(d), 5.7.2(f),
and 5.7.2(j).
(b) For pin devices that are single use and permanently

assembled, the pin shall be marked with its lot number.
When the pin size or configuration does not permit the

use of an attached metal tag, a metal tag may be attached
using a nonmetallic connector with an adhesive that
complies with Mandatory Appendix II.
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PART 6
REQUIREMENTS FOR SPRING-ACTUATED NON-RECLOSING

DEVICES ð25Þð25Þ

6.1 GENERAL

6.1.1 Applicability of Part 6 Requirements

This Part contains requirements that are applicable to
all spring-actuated non-reclosing devices that are to be
marked with the Certification Mark and UD Designator.

6.1.2 Set Pressure

For spring-actuated non-reclosing deviceswithmarked
set pressures up to and including 300 kPa (40 psi), the set
pressure tolerance shall not exceed ±15 kPa (±2 psi). For
spring-actuated non-reclosing devices with marked set
pressures above 300 kPa (40 psi), the set pressure toler-
ance shall not exceed ±5%.

6.1.3 Relieving Capacity

The relieving capacity of spring-actuated non-reclosing
devices shall be certified based on the simple system or
flow resistance method described in 6.1.3.1 or the coeffi-
cient of discharge method described in 6.1.3.2.

6.1.3.1 The rated flow capacity of a pressure relief
system that uses a spring-actuated non-reclosing
device as the sole relieving device shall be determined
by the user based on a value calculated in accordance
with one of the following methods:
(a) Simple System Method. The simple system method

may be used to determine the relieving capacity of a pres-
sure relief system that includes a spring-actuated non-
reclosing device, provided the following conditions are
met:

(1) The pressure relief system that includes the
spring-actuated non-reclosing device discharges directly
to the atmosphere.

(2) The spring-actuated non-reclosing device is
installed within 8 pipe diameters of the vessel nozzle
entry.

(3) The discharge piping downstream of the spring-
actuated non-reclosing device is not greater than 5 pipe
diameters in length.

(4) The nominal diameters of the inlet and discharge
piping are equal to or greater than the marked DN (NPS)
designator of the spring-actuated non-reclosing device.

The calculated relieving capacity of the simple pressure
relief system shall not exceed a value based on the appli-
cable theoretical flowequation (see9.7.6.4andMandatory
Appendix IV) for the various fluids multiplied by a coeffi-
cient of discharge,K, equal to 0.62. The area,A, in the theo-
retical flowequationshall be theminimumnet flowareaas
specified by the spring-actuated non-reclosing device
Manufacturer.
(b) Flow Resistance Method. The calculated capacity of

any pressure relief system may be determined by
analyzing the total system resistance to flow. This analysis
shall take into consideration the flow resistance of the
spring-actuated non-reclosing device; piping; and
piping components, including the exit nozzle on the
vessels, and elbows, tees, reducers, and valves. The calcu-
lation shall be made using accepted engineering practices
for determining fluid flow through piping systems. This
calculated relieving capacity shall be multiplied by a
factor of 0.90 or less to allow for uncertainties inherent
with this method. The certified flow resistance, Kr, for the
spring-actuated non-reclosing device, expressed as the
velocity head loss, shall be determined in accordance
with Part 9.

6.1.3.2 The relieving capacity of the pressure relief
system that uses a capacity-certified spring-actuated
non-reclosing device as the sole relieving device shall
be determined based on the certified capacity marked
on the spring-actuated non-reclosing device and the char-
acteristics of the system fluid and system components
upstream and downstream of the spring-actuated non-
reclosing device. The certified coefficient of discharge,
KD, for the spring-actuated non-reclosing device shall
be determined in accordance with Part 9.

6.2 DESIGN AND MECHANICAL REQUIREMENTS

(a) The design of spring-actuated non-reclosing
devices shall incorporate guidingarrangementsnecessary
to ensure consistent operation and seat tightness.
(b) The seat of a spring-actuated non-reclosing device

shall be fastened to the body of the spring-actuated non-
reclosingdevice in suchaway that there isnopossibility of
the seat moving from its required position.
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(c) In the design of the spring-actuated non-reclosing
device, consideration shall be given to minimizing the
effects of deposits.
(d) Spring-actuated non-reclosing devices with

threaded inlet or outlet connections shall be provided
with wrenching surfaces to allow for normal installation
without damage to operating parts.
(e) Means shall be provided in the design for sealing all

critical parts and external adjustments to ensure that
these parts are original and unmodified. Seals shall be
installed in a manner to prevent changing or modifying
parts without breaking the seal. Seals shall be installed
by the Manufacturer. For spring-actuated non-reclosing
devices larger than DN 15 (NPS 1∕2), the seal shall
serve as a means of identifying the device Manufacturer.
(f) If the design of the spring-actuated non-reclosing

device is such that liquid can collect on the discharge
side, then, except as permitted in (g), the spring-actuated
non-reclosing device shall be equipped with a drain at the
lowest point at which liquid can collect.
(g) A spring-actuated non-reclosing device that cannot

be equipped with a drain as required in (f) because of
design or application may be used, provided all the
following conditions are met:

(1) The spring-actuated non-reclosing device is used
only on gas service where there is neither liquid
discharged from the spring-actuated non-reclosing
devicenor liquid formedbycondensationon thedischarge
side of the spring-actuated non-reclosing device.

(2) The spring-actuated non-reclosing device is
provided with a cover or discharge piping per 12.8 to
prevent liquid or other contaminant from entering the
discharge side of the spring-actuated non-reclosing
device.

(3) The spring-actuated non-reclosing device is
marked FOR GAS SERVICE ONLY in addition to being
marked as required by 6.7.
(h) All spring-actuated non-reclosing devices shall be

constructed so that the failure of any part cannot obstruct
the free and full discharge of fluid from the device.
(i) O-rings or other packing devices, when used on the

stems of spring-actuated non-reclosing devices, shall be
arranged so that the spring-actuated non-reclosing device
performance meets the requirements of this Section.
(j) Pilot-operated spring-actuated non-reclosing

devices shall be designed such that
(1) the pilot is self-actuated
(2) the spring-actuated non-reclosing device will

open automatically at a pressure not exceeding the set
pressure

(3) if some essential part of the pilot fails, the spring-
actuated non-reclosing device will achieve full opening at
or below its rated overpressure
(k) If the pilot of a pilot-operated spring-actuated

device contains a diaphragm, the space above the
diaphragm shall be vented to prevent pressure buildup.

(l) Springs for direct spring-loaded devices shall meet
the following requirements:

(1) The spring shall be designed so that the spring
compression at full lift of the device shall not be greater
than 80% of the nominal solid deflection.

(2) The permanent set of the spring shall not exceed
0.5% of the original free length. Permanent set is defined
as the difference between the original free length and the
free length after the spring has been preset at room
temperature by compressing it to its solid height three
times. Measurement shall be taken at least 10 min
following the preset.

(3) For direct spring-loaded devices that have set
pressures above the maximum pressure used in the ca-
pacity certification tests, the spring force ratio shall
not exceed 1.1 times the spring force ratio of the
device with the highest set pressure that was used in
the capacity certification tests. For direct spring-loaded
devices that have orifices larger than the largest size
used in the capacity certification tests, the spring force
ratio shall not exceed 1.1 times the spring force ratio
of the device with largest size orifice in the capacity certi-
fication tests. The spring force ratio,Rsf, shall be calculated
as follows:

=R F F/sf so sc

where
Fsc = force exerted by the spring when the device is

closed or seated
Fso = force exerted by the spring when the device is at

rated lift

6.3 MATERIAL REQUIREMENTS

(a) Cast iron seats and disks are not permitted.
(b) Adjacent sliding and sealing surfaces shall both be

of a corrosion‐resistant material suitable for use with the
fluid to be contained.
(c) Materials used in pressure-containing or pressure-

retaining components and pressure-retaining bolting
shall be as permitted in Section II, Part D and Section
VIII, Division 1, Subsection C.
(d) Other than as specified in (c), all parts required for

the pressure-relieving or pressure-retaining function
shall be of materials that are

(1) listed in Section II, or
(2) listed in ASTM specifications, or
(3) controlled by the Manufacturer of the spring-

actuated non-reclosing device by a specification ensuring
control of chemical and physical properties and quality at
least equivalent to that of ASTM standards
(e) Springs shall be made of corrosion-resistant mate-

rial or shall have a corrosion-resistant coating.
(f) The seats and disks of spring-actuated non-

reclosing devices shall be of suitable material to resist
corrosion by the fluid to be contained. The degree of
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corrosion resistance, appropriate to the intended service,
shall be a matter of agreement between the Manufacturer
and the purchaser.
(g) Nonmetallic disk inserts and seals shall be compat-

ible with the maximum design temperature established
for the spring-actuated non-reclosing device.
(h) Adjacent sliding surfaces shall both be of corrosion

resistant material. The degree of corrosion resistance,
appropriate to the intended service, shall be a matter
of agreement between the Manufacturer and purchaser.

6.4 INSPECTION OF MANUFACTURING

6.4.1 General

(a) A Manufacturer shall demonstrate to the satisfac-
tion of a representative from an ASME Designated Orga-
nization that the manufacturing, production, and testing
facilities and the quality control procedures will ensure
close agreement between the performance of random
production samples and the performance of those
spring-actuated non-reclosing devices submitted for
certification.
(b) At the time of the submission of spring-actuated

non-reclosing devices for capacity certification or
testing in accordance with 6.4.2, the representative of
the ASME Designated Organization has the authority to
review the spring-actuated non-reclosing device design
for conformity with the requirements of 6.2, 6.3, and
6.5.3, and to reject or require modification of designs
that do not conform.
(c) Manufacturing, assembly, inspection, and test

operations, including capacity, are subject to inspections
at any time by a representative from an ASME Designated
Organization.

6.4.2 Production Certification

AManufacturermay be granted permission to apply the
CertificationMark and appropriate Designator to produc-
tion spring-actuated non-reclosing devices whose capac-
ity or flow resistancehasbeen certified in accordancewith
Part 9, provided the testing described in this paragraph is
successfully completed. This permission shall expire on
the sixth anniversary of the date it is initially granted.
The permission may be extended for 6-yr periods if
the testing described in this paragraph is successfully
repeated within the 6-month period before expiration.

6.4.2.1 Sample Selection. Two production sample
spring-actuated non-reclosing devices of a size and capac-
ity within the capability of an ASME-accepted laboratory
shall be selected by a representative of an ASME Desig-
nated Organization.

6.4.2.2 Testing. Operational and capacity testing shall
be conducted in the presence of a representative from an
ASMEDesignatedOrganizationat a testing facilitymeeting

the requirements of ASMECA-1. The spring-actuated non-
reclosing deviceManufacturer shall be notified of the time
of the test and may have representatives present to
witness the test.

6.4.2.3 Test Results

(a) Should any spring-actuated non-reclosing device
fail tomeet or exceed the applicable performance require-
ments of this Section, the test or tests may be repeated at
the rate of two replacement spring-actuated non-
reclosing devices, selected and tested in accordance
with 6.4.2.1 and 6.4.2.2, for each device that failed.
(b) Shouldanyof the replacement spring-actuatednon-

reclosing devices described in (a) fail to meet the capacity
or performance requirements of this Section, the Manu-
facturer shall determine the cause of failure and take
corrective action to guard against future occurrence.
This cause of failure and corrective action shall be docu-
mented and submitted to the ASME Designated Organiza-
tionwithin60daysof the failureorbe cause for revocation
of the authorization to use the Certification Mark on that
particular type of spring-actuated non-reclosing device.
Upon acceptance of the submitted corrective action by
the ASME Designated Organization, the requirements
of 6.4.2 shall apply.

6.4.2.4 Alternative Tests for Spring-Actuated Non-
reclosing Devices That Exceed the Laboratory Capabil-
ities

(a) For spring-actuated non-reclosing devices that
exceed the laboratory testing capabilities and for
which lift at rated overpressure can be measured or
complete opening can be verified, the alternative
method described in (1) through (3) shall be used in
lieu of the test requirements of 6.4.2, 6.4.2.1, and
6.4.2.3(a).

(1) Two production spring-actuated non-reclosing
devices that are representative of the design shall be
tested per Mandatory Appendix V, Article V-3. The
tests shall demonstrate to the satisfaction of the represen-
tative of the ASME Designated Organization that the
spring-actuated non-reclosing devices satisfy the
following conditions:

(-a) The measured set pressure is consistent with
the stamped set pressure within the tolerances required
by 6.1.2.

(-b) The spring-actuated non-reclosing devicewill
achieve complete opening or theminimum lift required to
meet its certified capacity.

(-c) The spring-actuated non-reclosing device will
operate in a stable manner. If only one spring-actuated
non-reclosing device of the design will be produced
within the 6-yr period for which the permission is
granted, only that spring-actuated non-reclosing device
need be tested as stated here.
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(2) The testing shall be performed at a facility that is
mutually agreeable to the Manufacturer, the representa-
tive of an ASME Designated Organization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (1)(-a) through (1)(-c).

(3) In the event of failure of the tests, 6.4.2.3(b) shall
apply.
(b) For spring-actuated non-reclosing devices that

exceed the laboratory testing capabilities and for
which lift at rated overpressure cannot be measured
or complete opening cannot be verified, the alternative
method described in (1) and (2) shall be used.

(1) For initial certification, two functional models
that are representative of the design shall be used,
provided the test requirements of 6.4.2 are followed
and the following additional test requirements are met:

(-a) Two production spring-actuated non-
reclosing devices that are representative of the design
shall be tested per Mandatory Appendix V, Article V-3.
The tests shall demonstrate to the satisfaction of the
representative of the ASME Designated Organization that

(-1) the measured set pressure is consistent
with the stamped set pressure within the tolerances
required by 6.1.2.

(-2) a secondary pressure zone leakage test and
a seat tightness test are demonstrated in accordance with
6.5.1(g) and 6.5.3 If only one spring-actuated non-
reclosing device of the design will be produced within
the 6-yr period for which the permission is granted,
only that spring-actuated non-reclosing device need be
tested as stated here.

(-b) The testing shall beperformedat a facility that
is mutually agreeable to the Manufacturer, the represen-
tativeof anASMEDesignatedOrganization, and the facility
owner. The facility shall be capable of demonstrating the
characteristics stated in (-a)(-1) and (-a)(-2).

(-c) In the event of failure of the tests, 6.4.2.3(b)
shall apply.

(2) For 6-yr renewal of capacity or flow resistance
certification, (1)(-a) through shall apply.

6.5 PRODUCTION TESTING

Each spring-actuated non-reclosing device towhich the
Certification Mark is to be applied shall be tested by the
Manufacturer in accordance with 6.5.1 through 6.5.3. The
Manufacturer shall have a documented system for the
application, calibration, and maintenance of gages and
instruments used during these tests.

6.5.1 Pressure Testing

(a) The pressure-containing parts of each spring-actu-
ated non-reclosing device are subject to pressure testing.
(b) A spring-actuated non-reclosing device part is

exempt frompressure testing if anyof the following condi-
tions exist:

(1) The stress that would be applied under hydro-
static test conditionsdoesnot exceed50%of theallowable
stress, and the part is not cast or welded.

(2) The part is downstream of the pressure
containing element and fully within pressure-containing
parts that have been either pressure tested or exempted
from pressure testing by (1).
(c) A spring-actuated non-reclosing device part

requiring pressure testing shall be tested either
(1) hydrostatically at a pressure no less than 1.5

times the design pressure of the part, or
(2) pneumatically at a pressure no less than 1.25

times the design pressure of the part
CAUTION: Pneumatic testing can be hazardous; it is there-
fore recommended that special precautions be taken when
conducting a pneumatic test.

(d) Pressure testing may be done in the part or
assembled condition.
(e) Pressure testing shall be conducted after all

machining and welding operations have been completed.
(f) Parts subjected to pressure testing shall not exhibit

a sign of leakage.
(g) If a spring-actuated non-reclosing device with an

inlet size exceeding DN 25 (NPS 1) designed for discharge
to a closed system has a secondary pressure zone, the
secondary pressure zone shall be tested with air or
other gas at a pressure of at least 200 kPa (30 psi).
There shall be no visible signs of leakage. The user
may specify a higher test pressure commensurate with
the back pressure anticipated in service.

6.5.2 Set Pressure Tests

(a) Eachspring-actuatednon-reclosingdevice towhich
the Certification Mark and UD Designator is to be applied
shall be tested by the Manufacturer to demonstrate the
device’s set pressure.
(b) Set pressure tests for spring-actuated non-

reclosing devices used for compressible fluid service
shall be conducted using air or other suitable gas.
(c) Setpressure tests for spring-actuatednon-reclosing

devices used for incompressible fluid service shall be
conducted using water or other suitable liquid.
(d) Test fixturesand test drums,whereapplicable, shall

be of adequate size and capacity to ensure that the spring-
actuated non-reclosing device opening is consistent with
the marked set pressure within the applicable tolerances
shown in 6.1.2.

6.5.3 Seat Tightness Tests

A seat tightness test shall be conducted on each spring-
actuated non-reclosing device. The test conditions and
acceptance criteria shall be in accordance with the Manu-
facturer’s published spring-actuated non-reclosing device
specification, or another specification agreed to by the
user and the Manufacturer.
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6.6 WELDING, BRAZING, HEAT TREATMENT, AND
NONDESTRUCTIVE EXAMINATION

All welding, brazing, heat treatment, and nondestruc-
tive examination used in the construction of bodies,
bonnets, and yokes shall be performed in accordance
with the applicable requirements of the Section of the
Certification Mark Designator applied to the spring-actu-
ated non-reclosing relief device.

6.7 MARKING

6.7.1 General

The Manufacturer shall plainly mark each spring-actu-
ated non-reclosing devicewith the required data in such a
way that themarkingwill not beobliterated in service. The
marking may be placed on the spring-actuated non-
reclosing device housing or on one or more metal
plates securely fastened to the spring-actuated non-
reclosing device. If such markings will not be visible
when the device is in service, the marking may be
placed on a tab attached as close as possible to the
discharge side of the spring-actuated non-reclosing
device. The tab shall remain visible when installed.

6.7.2 Spring-Actuated Non-reclosing Devices

(a) Each spring-actuated non-reclosing device shall be
marked with the following information. For units of
measure other than those included here, see 1.5.

(1) name of the Manufacturer or an acceptable
abbreviation thereof.

(2) Manufacturer’s design or type number.
(3) DN (NPS) size _________ (the nominal pipe size of

the spring-actuated non-reclosing device inlet).
(4) set pressure _________ kPa (psi).
(5) flow direction.
(6) Certification Mark and the appropriate Desig-

nator placed under the Certification Mark (see
Figure 10.1-1). A marking method other than the
stamp issued by the Society may be used provided it is
acceptable to the ASME Designated Organization.

(7) year built or, alternatively, a coding such that the
Manufacturer of the spring-actuated non-reclosing device
can identify the year the device was tested.
(b) Capacity-certified spring-actuated non-reclosing

devices shall be marked with the information described
in (a)(1) through (a)(7) and one of the following, as ap-
plicable:

(1) ________ kg/h (lbm/hr) of saturated steam at an
overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for spring-actuated non-reclosing devices certi-
fied on steam

(2) ________ L/min (gpm) ofwater at 20°C (70°F) at an
overpressure of 10% or 20 kPa (3 psi), whichever is
greater, for spring-actuated non-reclosing devices certi-
fied on water

(3) ________ m3/min of air at 20°C and 101 kPa [stan-
dard cubic feet per minute (SCFM) of air at 60°F and 14.7
psia)] or ________ kg/min (lbm/min) of air at an overpres-
sure of 10% or 20 kPa (3 psi), whichever is greater.
In addition to one of the fluids specified in (1) through

(3), the Manufacturer may indicate the capacity in other
fluids (see Mandatory Appendix IV).
(c) Flow-resistance-certified spring-actuated non-

reclosing devices shall be marked with the information
described in (a)(1) through (a)(7) and the following:

(1) minimum net flow area _________ mm2 (in.2)
(2) one or more of the following, as applicable:
(-a) KRG _________ for spring-actuatednon-reclosing

devices certified on air or gases.
(-b) KRL _________ for spring-actuated non-reclosing

devices certified on liquid.
(-c) KRGL_________for spring-actuatednon-reclosing

devices certified on air or gases, and liquid
(d) The pilot of a pilot-operated spring-actuated non-

reclosing device shall be plainly marked by the Manufac-
turer with the name of the Manufacturer, the Manufac-
turer’s design or type number, the set pressure in
kilopascals (pounds per square inch), and the year
built or, alternatively, a coding that the Manufacturer
can use to identify the year built. The pilot and main
valve of a pilot-operated spring-actuated non-reclosing
device shall each be marked with the same unique iden-
tifier to establish association of both components.
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PART 7
REQUIREMENTS FOR TEMPERATURE AND PRESSURE

RELIEF VALVES

7.1 GENERAL

(a) This Part contains requirements that are applicable
to temperature and pressure relief valves that are to be
marked with the Certification Mark and HV Designator.
(b) A temperature and pressure relief valve is a pres-

sure relief valve that may be actuated by pressure at the
valve inlet or by temperature at the valve inlet. The pres-
sure-relieving feature is normally achieved by a conven-
tional direct spring-loaded type of relief valve design. The
temperature-relieving feature is achieved by a separate
thermal-sensing element. The pressure- and tempera-
ture-relieving features are independent of one another.

7.2 DESIGN AND MECHANICAL REQUIREMENTS

Temperature and pressure relief valves shall meet the
design and mechanical requirements in 3.2. Additionally,
the thermal-sensing elements for temperature and pres-
sure relief valves shall be sodesignedandconstructed that
they will not fail in any manner that could obstruct flow
passages or reduce capacities of the valves when the
elements are subjected to saturated steam temperature
corresponding to capacity test pressure. Temperature
and pressure relief valves incorporating these elements
shall comply with a nationally recognized standard
(e.g., ANSI Z21.22/CSA 4.4).

7.3 MATERIAL REQUIREMENTS

Temperature and pressure relief valves shall meet the
material requirements in 3.3.

7.4 INSPECTION OF MANUFACTURING AND/OR
ASSEMBLY

Temperature and pressure relief valves shall meet the
inspection of manufacturing and/or assembly require-
ments in 3.4.

7.5 PRODUCTION TESTING

Production testing of temperature and pressure relief
valves shall be in accordance with 3.6.

7.6 WELDING

Welding is not allowed on temperature and pressure
relief valves.

7.7 MARKING

Temperature andpressure relief valves shall bemarked
in accordance with 3.9.

7.8 CERTIFICATION OF CAPACITY

The capacity of temperature and pressure relief valves
shall be certified in accordance with Part 9 and the
following additional requirements:
(a) Set Pressure Tests of Temperature and Pressure

Relief Valves. For the purpose of determining the set pres-
sure of temperature and pressure relief valves, the test
fluid shall be roomtemperaturewater. Theactual setpres-
sure is defined as the pressure at the valve inlet when the
flow rate through the valve is 40 cc/min (2.4 in.3/min).
(b) Capacity Tests of Temperature and Pressure Relief

Valves. For the purpose of determining the capacity of
temperature and pressure relief valves, dummy elements
of the samesizeandshapeas the regularly applied thermal
element shall be substituted and the relieving capacity
shall be based on the pressure element only. Valves
selected to meet the requirements of production
testing shall have their temperature elements deactivated
by the Manufacturer prior to or at the time of capacity
testing.
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PART 8
REQUIREMENTS FOR DEVICES IN COMBINATION

8.1 GENERAL

(a) The rules of this Part are applicable only when
specified by the referencing Code or Standard.
(b) A non-reclosing pressure relief device that meets

the requirements of Part 4 or Part 5may be used in combi-
nation with a pressure relief valve that meets the require-
ments of Part 3. This combination of devices may be
advisable on pressurized equipment subject to one or
more of the following conditions:

(1) Thevessel contains substances thatmay render a
pressure relief valve inoperative by fouling.

(2) A loss of valuable material by leakage should be
avoided.

(3) Contamination of the atmosphere by leakage of
noxious, flammable, or hazardous fluids must be avoided.

8.2 RUPTURE DISK DEVICE INSTALLED BETWEEN
A PRESSURE RELIEF VALVE AND THE
PRESSURIZED EQUIPMENT

A rupture disk device may be installed between a pres-
sure relief valve and the pressurized equipment, provided
the following conditions are met:
(a) The flow capacity of the combined pressure relief

valve and the rupture disk device shallmeet themaximum
permissibleoverpressure requirementsof the referencing
Code or Standard.
(b) The combined capacity of the pressure relief valve

(nozzle type) and rupture disk device shall be the rated
capacity of the valve multiplied by a factor of 0.90. Alter-
natively, the capacity of such a combination shall be estab-
lished in accordance with (c).
(c) The capacity of the combination of the rupture disk

device and the pressure relief valve may be established in
accordance with the appropriate paragraphs of 9.5.
(d) The space between the rupture disk device and the

pressure relief valve shall be provided with a pressure
gage, try cock, free vent, or other suitable telltale indicator.
This arrangement permits detection of disk rupture or
leakage. For Section VIII, Division 3 (UD3 Designator)
devices, in lieu of one of the previously mentioned indi-
cators, the series combination can be provided with a
second rupture disk device in parallel whose burst pres-
sure is 116% of vessel design pressure. Users are warned
that a rupture disk will not burst at its marked bursting
pressure if back pressure builds up in the space between

the disk and the pressure relief valve, which will occur
should leakage develop in the rupture disk due to corro-
sion or other cause.
(e) The opening provided through the rupture disk

after the disk bursts shall be sufficient to permit a
flow equal to the capacity of the pressure relief valve
[see (b) and (c)], and there shall be no chance of inter-
ference with proper functioning of the pressure relief
valve. However, in no case shall this area be less than
the inlet area of the pressure relief valve unless the ca-
pacity and functioning of the specific combination of
rupture disk device and pressure relief valve have
been established by test according to 9.5.
(f) Theuse of a rupture disk device in combinationwith

a pressure relief valve should be carefully evaluated to
ensure that the fluid being handled and the valve opera-
tional characteristics will result in opening action of the
valve coincident with the bursting of the rupture disk.
(g) The installation shall ensure that solidmaterial will

not collect in the inlet or outlet of the rupture disk; accu-
mulation of such material could impair the relieving ca-
pacity of the relief system.
(h) Fragmenting-type rupture disks shall not be used

upstream of a pressure relief valve.

8.3 ð25ÞRUPTURE DISK DEVICE INSTALLED ON THE
OUTLET SIDE OF A PRESSURE RELIEF VALVE

A rupture disk devicemaybe installed on the outlet side
of a pressure relief valve, provided (a) through (i) aremet.
This use of a rupture disk device in series with the pres-
sure relief valve is permitted tominimize leakage through
the valve of valuable material or of noxious or otherwise
hazardous materials, to accommodate the use of rupture
disks on pressurized equipment for which a rupture disk
alone or disk located on the inlet side of the valve is
impracticable, or to prevent corrosive gases from a
common discharge line from reaching the valve internals.
(a) The pressure relief valve shall not fail to open at its

proper pressure setting regardless of any back pressure
that canaccumulatebetween thepressure relief valvedisk
and the rupture disk. The space between the pressure
relief valve disk and the rupture disk shall be vented
or drained to prevent accumulation of pressure, or
suitable means shall be provided to ensure that an accu-
mulation of pressure does not affect the proper operation
of the pressure relief valve. Users are warned that many
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types of pressure relief valveswill not openat the set pres-
sure if pressure builds up in the space between the pres-
sure relief valve disk and the rupture disk device. A
pressure relief valve that is balanced against back pres-
sure may be required.
(b) The valve and disk combination shall meet the

maximum permissible overpressure requirements of
the referencing Code or Standard.
(c) Themarkedbursting pressureof the rupturedisk at

the coincident temperatureplus the additional pressure in
the outlet piping that will occur during venting shall not
exceed the design pressure of the components on the
discharge side of the pressure relief valve and any
pipe or fitting between the pressure relief valve and
the rupture disk device. In addition, the marked bursting
pressure of the rupture disk at the coincident disk
temperature plus the pressure developed in the outlet
piping during venting shall not exceed the set pressure
of the pressure relief valve.
(d) The opening provided through the rupture disk

device after the disk bursts shall be sufficient to
permit a flow equal to the rated capacity of the attached
pressure relief valve without exceeding the allowable
overpressure.
(e) Any piping beyond the rupture disk shall be

designed so that it will not be obstructed by the
rupture disk or its fragments.
(f) The contents of the pressurized equipment shall be

clean fluids, free from gumming or clogging matter, so
accumulation in the relief system will not interfere
with pressure relief valve function.
(g) The system shall be designed to consider the

adverse effects of any leakage through the pressure
relief valve or outlet-side rupture disk device, to
ensure system performance and reliability. Some
adverse effects resulting from leakage may include
obstruction of the flow path, corrosion of pressure
relief valve components, and undesirable bursts of the
outlet-side rupture disk.

8.4 PIN DEVICE INSTALLED BETWEEN A
PRESSURE RELIEF VALVE AND THE
PRESSURIZED EQUIPMENT

(a) A pin device may be installed between a pressure
relief valve and the pressurized equipment, provided the
following conditions are met:

(1) The capacity of the combination of the pressure
relief valve and the pin device shall meet the maximum
permissibleoverpressure requirementsof the referencing
Code or Standard.

(2) The combined capacity of a SectionXII (TVDesig-
nator) nozzle-type pressure relief valve and pin device
(TD Designator) shall be the rated capacity of the
valve multiplied by a factor of 0.90. Alternatively, the ca-
pacity of such a combination shall be established in accor-
dance with (4).

(3) For Section VIII, Division 1 (UV Designator)
valves, the combined capacity of the pressure relief
valve and pin device shall be the rated capacity of the
valve multiplied by a factor of 0.90, provided the appro-
priate resistance factor, KRG, KRGL, or KRL, of the device is
less than 6.0, or by a combination capacity factor estab-
lished in accordance with (4).

(4) The capacity of the combination of the pin device
and the spring-loaded pressure relief valve may be estab-
lished in accordance with 9.5.

(5) The space between the pin device and the pres-
sure relief valve shall beprovidedwith apressuregage, try
cock, free vent, or suitable telltale indicator. Users are
warned that a pin will not activate at its marked set pres-
sure if back pressure builds up in the space between the
pin device and the pressure relief valve because of leakage
through the pin due to corrosion or other forms of dete-
rioration.

(6) The opening provided through the pin device
after activation shall be sufficient to permit flow equal
to the capacity of the valve, and there shall be no
chance of interference with proper functioning of the
valve. However, in no case shall this area be less than
the area of the inlet of the valve unless the capacity
and functioning of the specific combination of pin
device and pressure relief valve have been established
by test in accordance with Part 9.

(7) The set pressure of the pin device shall be equal
to or greater than 90% of the set pressure of the pressure
relief valve.
(b) A pin device shall not be installed on the discharge

side of a pressure relief valve.

8.5 ð25ÞMARKING

DELETED
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PART 9
CAPACITY AND FLOW RESISTANCE CERTIFICATION

9.1ð25Þ GENERAL

9.1.1 General Certification Requirements

(a) Before the CertificationMark is applied to any pres-
sure relief device, theManufacturer shall have the capacity
or flow resistance of their devices certified in accordance
with the provisions of this Part.
(b) At the time of the submission of pressure relief

devices for capacity or flow resistance certification or
testing in accordance with this Part, an ASME Designated
Organization has the authority to review the design for
conformity with the requirements of this Section and
to reject or require modification of designs that do not
conform.
(c) Certified values for pressure relief devices are

published in NBBI NB-18.

9.1.2 Test Facility and Supervision

(a) Capacity and flow resistance certification shall be
conducted in accordance with Mandatory Appendix V.
(b) Testing shall be conducted by an accredited testing

laboratory, in the presence of an Authorized Observer.
(c) Testing laboratories shall be accredited, and test

supervisors shall have been accepted as Authorized
Observers, in accordance with the requirements of
ASME CA-1.

9.1.3 Test Data Report

Certification test data report for each pressure relief
device model, type, and size, signed by the Manufacturer
and the Authorized Observer witnessing the tests,
together with drawings showing the device construction
shall be submitted to the ASME Designated Organization
for review and acceptance.

9.1.4 Design Changes

(a) When changes aremade in the design of a pressure
relief device or power-actuated pressure relief valve in
such a manner as to affect the flow path, lift, or perfor-
mance characteristics of the device, new tests in accor-
dance with this Part shall be performed.
(b) When changes are made in the design of a non-

reclosing pressure relief device that affect the flow
path or activation performance characteristics of the

device, new tests in accordance with this Part shall be
performed.

9.2 REQUIREMENTS FOR PRESSURE RELIEF
VALVES

Pressure relief valves shall be capacity certified in
accordance with 9.7.3, 9.7.4, 9.7.5, or 9.7.6, and 9.9, if
applicable.

9.2.1 Blowdown

(a) Pressure relief valves for compressible fluids
having an adjustable blowdown construction shall be
adjusted prior to testing so that the blowdown does
not exceed 5%of the set pressure or 20 kPa (3 psi), which-
ever is greater.
(b) Pressure relief valves for incompressible fluids and

pressure relief valves for compressible fluids having
nonadjustable blowdown shall have the blowdown
noted and recorded.
(c) Pressure relief valves for Section I power boilers for

steam service to be marked with the Certification Mark
and V Designator shall be adjusted so that the blowdown
does not exceed 4%of the set pressure. For pressure relief
valves set at or below 700 kPa (100 psi), the blowdown
shall be adjusted so as not to exceed 30 kPa (4 psi). Pres-
sure relief valves used on forced‐flow steam generators
with no fixed steam and waterline, and pressure relief
valves used on high‐temperature water boilers shall be
adjusted so that the blowdown does not exceed 10%
of the set pressure. The reseating pressure shall be
noted and recorded.
(d) Blowdown adjustment is not a requirement for

Section IV (HV Designator) pressure relief valves.

9.2.2 Pilot-Operated Pressure Relief Valves

Capacity certification of pilot-operated pressure relief
valves may be based on tests without the pilot devices
installed, provided that, prior to capacity tests, it has
been demonstrated by test to the satisfaction of the
Authorized Observer that the following conditions have
been met:
(a) The pilot device will cause the main device to open

fully at a pressure that does not exceed the set pressure by
more than specified below.
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(1) 10%or20kPa (3psi),whichever is greater, forall
pilot-operated pressure relief valves except as specified
in (2)

(2) 3% or 15 kPa (2 psi), whichever is greater, for
steam pilot-operated pressure relief valves for Section I
boilers marked with Certification Mark and V Designator
(b) The pilot device in combination with the main

device will meet all the requirements of this Section.

9.2.3 Use of V-Designated Valves for
UV-Designated Applications

(a) It is permissible to rate Section I pressure relief
valves marked with the Certification Mark and V Desig-
nator and having capacity ratings at a flow pressure of
103% of the set pressure for use on pressure vessels
in Section VIII, Division 1 compressible fluid service
with absolute pressures up to 10.9 MPa (1,580 psia)
without further test. In such instances, the capacity
rating of the pressure relief valve may be increased by
the following multiplier to allow for the Section VIII, Divi-
sion 1 flow pressure of 110% of the set pressure:

(SI Units)

+
+

p
p

1.10 0.101
1.03 0.101

(U.S. Customary Units)
+
+

p
p

1.10 14.7
1.03 14.7

where
p = set pressure, MPa gage (psig)

Such valve capacity shall bemarked in accordance with
the requirements of 3.9 for for Section VIII (UV Desig-
nator) pressure relief valves. This multiplier shall not
be used as a divisor to transform test ratings from a
higher to a lower flow.
(b) For absolute steam pressures above 10.9 MPa

(1,580 psia), the multiplier in (a) is not applicable. For
pressure relief valves with absolute relieving pressures
between 10.9 MPa (1,580 psia) and 22.1 MPa (3,200
psia), the capacity shall be determined by the equation
for steam and the correction factor for high-pressure
steam in 9.7.6.4(a), with the permitted absolute relieving
pressure (for SI units, 1.10p + 0.101; for U.S. Customary
units, 1.10p + 14.7) and the coefficient K for that valve
design.

9.2.4 Nozzle-Type Pressure Relief Valves for
Saturated Water

Rating of nozzle-type pressure relief valves, i.e., valves
having a coefficient of discharge,KD, greater than 0.90 and
nozzle construction, for saturated water shall be in accor-
dance with Mandatory Appendix IV, IV-2(f).

9.3 ð25ÞREQUIREMENTS FOR NON-RECLOSING
PRESSURE RELIEF DEVICES

(a) Non-reclosing pressure relief devices shall be certi-
fied for either capacity or flow resistance. This require-
ment does not apply to Section VIII, Division 3 (UD3
Designator) devices.
(b) For devices to be certified for capacity, the require-

ments of 9.7.3, 9.7.4, 9.7.5, or 9.7.6 shall apply except
where noted.
(c) For devices to be certified for flow resistance, 9.7.7

shall apply except where noted.

9.4 ð25ÞREQUIREMENTS FOR SPRING-ACTUATED
NON-RECLOSING PRESSURE RELIEF DEVICES

DELETED

9.5 REQUIREMENTS FOR PRESSURE RELIEF
VALVES IN COMBINATION WITH NON-
RECLOSING PRESSURE RELIEF DEVICES

(a) For each combination of pressure relief valve
design and non-reclosing pressure relief device design,
the pressure relief valve Manufacturer or the non-
reclosing pressure relief device Manufacturer may
have the capacity of the combination certified as
prescribed in (c) and (d).
(b) Capacity certification tests shall be conducted using

the test fluids specified in 9.7.1.
(c) The pressure relief valve Manufacturer or the non-

reclosing pressure relief deviceManufacturermay submit
for tests a non-reclosing pressure relief device of the smal-
lest size intended tobeused ina combinationdevice, along
with the equivalent-size pressure relief valve. The pres-
sure relief valve to be tested shall have the largest orifice
used in the particular inlet size.
(d) Tests may be performed in accordance with (1)

through (6). The non-reclosing pressure relief device
and pressure relief valve combination to be tested
shall be arranged to duplicate the combination assembly
design.

(1) The test shall embody theminimum set pressure
of the non-reclosing pressure relief device design to be
used in combination with the pressure relief valve
design.Themarkedsetpressureof thenon-reclosingpres-
sure relief device shall be between 90% and 100% of the
marked set pressure of the valve.
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(2) The test procedure to be used shall be as follows:
(-a) The pressure relief valve (one valve) shall be

tested for capacity as an individual valve,without the non-
reclosing pressure relief device, at a pressure 10% or
20 kPa (3 psi), whichever is greater, above the valve
set pressure.

(-b) The non-reclosing pressure relief device shall
thenbe installedat the inlet of thepressure relief valveand
activated to operate the valve. The capacity test shall be
performed on the combination at 10% or 20 kPa (3 psi),
whichever is greater, above the valve set pressure, dupli-
cating the individual pressure relief valve capacity test.

(3) Tests shall be repeated with two additional acti-
vationcomponentsof thesamenominal rating fora totalof
three activation components to be tested with the single
pressure relief valve. The results of the capacity test shall
fall within a range of 10% of the average capacity of the
three tests. Failure tomeet this requirement shall be cause
to require retest for determination of the cause of the
discrepancies.

(4) From the results of the tests, a combination ca-
pacity factor shall be determined. The combination capac-
ity factor is the ratio of the average capacitydeterminedby
the combination tests to the capacity determined on the
individual valve. Themaximum value for the combination
capacity factor shall not be greater than 1.0.

(5) The combination capacity factor shall be used as
a multiplier to make appropriate changes in the ASME‐
rated relieving capacity of the pressure relief valve in
all sizes of the design. The combination capacity factor
shall apply only to combinations of the same design of
pressure relief valve and same design of non-reclosing
pressure relief device as those tested.

(6) The test laboratory shall submit the test results to
the ASME Designated Organization for acceptance of the
combination capacity factor.

9.6 OPTIONAL TESTING OF NON-RECLOSING
PRESSURE RELIEF DEVICES AND PRESSURE
RELIEF VALVES

(a) If desired, a valve Manufacturer or a non-reclosing
pressure relief device Manufacturer may conduct tests in
the same manner as outlined in 9.5(d)(3) and 9.5(d)(4)
using the next two larger sizes of the design of non-
reclosing pressure relief device and pressure relief
valve to determine a combination capacity factor applica-
ble to larger sizes. If a greater combination capacity factor
is established and can be certified, it may be used for all
larger sizes of the combination, but it shall not be greater
than 1.0.
(b) If desired, additional tests may be conducted at

higher pressures, in accordance with 9.5(d)(3) and
9.5(d)(4), to establish a maximum combination capacity
factor to be used at all pressures higher than the highest

pressure previously tested, but it shall not be greater
than 1.0.

9.7 CERTIFICATION METHODS

9.7.1 ð25ÞTest Fluid

Certification tests for pressure relief devices shall be
conducted using test fluids in accordance with the
following:
(a) ForDevices toBeMarkedWith theCertificationMark

and V or NV (for Main Steam) Designator
(1) For steam service, capacity certification tests

shall be conducted using dry saturated steam. The
limits for test purposes shall be 98% minimum quality
and 10°C (20°F) maximum superheat. Correction from
within these limits may be made to the dry saturated
condition.

(2) For liquid service, capacity certification tests
shall be conducted using water at a temperature
between 5°C (40°F) to 50°C (125°F).
(b) ForDevices toBeMarkedWith theCertificationMark

and NV, UV, or UD Designator
(1) Compressible fluid devices shall be flow tested

using dry saturated steam, or air or other gas. For test
purposes, the temperature limit of air or other gases at
the device inlet shall be between −20°C (0°F) and 90°C
(200°F), and the limits of 98% minimum quality and
10°C (20°F) maximum superheat shall apply for steam.
Correction from within these limits may be made to
the dry saturated condition. Steam service valves flow
tested with air or other gases shall have at least one
valve of each series flow tested using steam to demon-
strate the steam capacity and performance.

(2) Incompressible fluid devices certified for capac-
ity shall be flow tested using water. For test purposes, the
water temperature shall be between 5°C (40°F) and 50°C
(125°F).
(c) ForDevices to BeMarkedWith the CertificationMark

and UV3 Designator. Flow capacity certification tests shall
be conducted with liquids or vapors, as appropriate. For
fluids that are near their critical point, or in any region
where their thermodynamic properties are significantly
nonlinear or where a change of phase may occur in
thedevice (flashing), the flowcapacity shall bedetermined
using appropriate correlations and procedures from the
vapor and liquid capacity data obtained in accordance
with 9.7. Alternatively, the flow capacity and design of
the pressure relief system may be specified by the
user or the user’s designated agent, based on basic
data, testing, and demonstration on such actual fluids
at expected operating conditions. This information is
stated in the User’s Design Specification.
(d) ForDevices toBeMarkedWith theCertificationMark

and HV Designator. Flow capacity certification tests shall
be made with dry saturated steam. For test purposes, the
limits of 98%minimumquality and10°C (20°F)maximum
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superheat shall apply. Correction fromwithin these limits
may bemade to the dry saturated condition. The relieving
capacity shall bemeasured by condensing the steam or by
using a calibrated steam flowmeter. To determine the
discharge capacity of pressure relief valves in terms of
other units permitted in 3.9(e)(5)(-c), use the applicable
formula below:

(SI Units)

= ×capacity, kW capacity, kg/h 0.646 kW h/kg

(U.S. Customary Units)

= ×capacity, Btu/hr capacity, lbm/hr 1,000 Btu/lbm

(e) ForDevices to BeMarkedWith theCertificationMark
and TV or TD Designator

(1) Compressible fluid devices shall be tested using
air or gas. For test purposes, the temperature limit of air or
other gases at the device inlet shall be between −20°C
(0°F) and 90°C (200°F).

(2) Incompressible fluid devices certified for capac-
ity shall be flow tested using water. For test purposes, the
water temperature shall be between 5°C (40°F) and 50°C
(125°F).

9.7.2 Test Pressure

Certification tests shall be conductedat anabsolute flow
rating pressure as indicated in Table 9.7.2-1.

9.7.3 ð25ÞDesign Certification by the Single-Device
Method

A Manufacturer may obtain permission to apply the
Certification Mark to a single device and pressure
setting. For certification of multiple devices with the
same pressure setting, see 9.7.4.
(a) When a single device is to be capacity tested, the

certified capacity may be based on three separate tests at
the set pressure for which capacity certification is
required.
(b) Thecertified capacity associatedwitheach setpres-

sure shall not exceed 90% of the average capacity estab-
lished by the tests. Failure of the individual test capacities
to fall within ±5% of the average capacity associated with
each set pressure shall be cause for rejection of the test.
The reason for the failure shall be determined and the test
repeated.
(c) Should additional devices of the same design be

constructed at a later date, the results of the tests on
the original device may be included as applicable to
the particular test method selected.

Table 9.7.2-1
ð25Þ Test Pressure for Certification Tests

Pressure Relief Device
Maximum Pressure for Capacity

or Flow Resistance Certification Test
Certification Mark

Designator [Note (1)] Service
V
NV for main steam valves

Steam 103% of set pressure, or set pressure + 15 kPa (2 psi),
whichever is greater

Liquids 110% of set pressure, or set pressure + 20 kPa (3 psi),
whichever is greater

HV Steam boilers Set pressure + 35 kPa (5 psi)
Hot water heating and water supply boilers 110% set pressure

UV or UD
NV for pressure relief valves

All except those indicated below 110% of set pressure, or set pressure + 20 kPa (3 psi),
whichever is greater [Note (2)]

Fire or unexpected external heating for vessels with
no permanent supply connection [Note (3)]

120% of marked set pressure

UV3 All 110% of set pressure
TV or TD All except those indicated below 110% of set pressure, or set pressure + 20 kPa (3 psi),

whichever is greater [Note (2)]
As permitted by the appropriate Section XII Modal
Appendix [Note (4)]

120% of marked set pressure

NOTES:
(1) See the General Note of Table 2.1-1 for a listing of the devices to which the Certification Mark Designators apply.
(2) For pressure relief valves, minimum pressure for capacity certification tests shall be at least 20 kPa (3 psi) above the set pressure.
(3) See Section VIII, Division 1, UG-153(a)(3).
(4) See Section XII, Article TR-1.
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9.7.4ð25Þ Design Certification by the Three-Device
Method

A Manufacturer may obtain permission to apply the
CertificationMark to a single device size, design, and pres-
sure setting. For certification of a device design with a
range of pressure settings, see 9.7.5.
(a) A capacity certification test is required on a set of

three pressure relief devices for each combination of size,
design, and pressure setting.
(b) The rated capacity for each combination of design,

size, and testpressure shall be90%of theaveragecapacity
of the three devices tested.
(c) Thecapacityof eachdeviceof theset shall fallwithin

a range of ±5% of the average capacity.
(d) If the capacity of one of the three pressure relief

devices tested falls outside the range specified in (c),
the device shall be replaced by two devices, and a new
average shall be calculated based on all four devices,
excluding the replaced device. Failure of any of the
four capacities to fall within a range of ±5% of the
new average shall be cause to refuse certification of
that particular device design.

9.7.5ð25Þ Design Certification by the Four-Device
Method

A Manufacturer may obtain permission to apply the
Certification Mark to a pressure relief device design by
certifyingan individualorifice sizeoverarangeof setpres-
sures. Capacity testing of four devices shall be conducted
on the orifice size to be certified. These four devices shall
cover the range of pipe sizes to be certified and be set at
pressures that cover the approximate range of pressures
forwhich the devicewill be used or the range of pressures
available at the certified test facility that shall conduct the
tests. The capacities based on these four tests shall be as
follows:
(a) For compressible fluids, the slope, Sm, of the

measured capacity versus the absolute flow-rating pres-
sure shall be determined for each test point as follows:

=S W P/m f

where
Pf = absolute flow-rating pressure, MPa (psia) (see

Table 9.7.2-1)
Sm = slope, kg/h/MPa (lbm/hr/psia) or m3/min/MPa

(SCFM/psia)
W = measured capacity, kg/h (lbm/hr) of saturated

steam, or m3/min of air at 20°C and 101 kPa
(SCFM of air at 60°F and 14.7 psia)

The average slope, Savg, shall be the arithmetic mean of
all calculated slope values, Sm. All experimentally deter-
mined slope values, Sm, shall fall within a range of ±5% of
the average slope, Savg. If all slopevalues, Sm, arenotwithin
±5%of the average slope, Savg, twoadditional devices shall

be tested for each device beyond the ±5% range, up to a
limit of four additional devices.
The average slope, Savg, shall be multiplied by 0.90, and

this product shall be taken as the rated slope, S, for that
design andorifice size combination. The relieving capacity
to be marked on the device shall not exceed the rated
slope, S, multiplied by the absolute relieving pressure.
For direct spring-loaded valves, the results may be

extrapolated to valves with set pressures higher than
the highest set pressure used in the capacity certification
tests if the spring in the valvewith the higher set pressure
meets the requirements of 3.2.5.
(b) For incompressible fluids, the flow factor, Fm, shall

be determined from the ratio of the measured volumetric
capacity versus the square root of the differential flow-
rating pressure for each test point as follows:

=F
Q

P Pm
f d

where
Pd = absolute discharge pressure, MPa (psia)
Pf = absolute flow-rating pressure, MPa (psia) (see

Table 9.7.2-1)
Q = measured volumetric capacity, L/min (gpm),

corrected to 20°C (70°F)

The average flow factor, Favg, shall be the arithmetic
mean of all calculated flow factors, Fm. All experimentally
determined flow factors, Fm, shall fall within a range of
±5% of the average flow factor, Favg. If all the flow
factors, Fm, are not within ±5% of Favg, two additional
devices shall be tested for each device beyond the
±5% range, up to a limit of four additional devices.
The average flow factor,Favg, shall bemultipliedby0.90,

and thisproduct shall be takenas the flow factor,F, for that
design andorifice size combination. The relieving capacity
tobemarkedon thedevice shall not exceed the flow factor,
F,multipliedby the square root of thedifferential relieving
pressure.
For direct spring-loaded valves, the results may be

extrapolated to valves with set pressures higher than
the highest set pressure used in the capacity certification
tests if the spring in the valvewith the higher set pressure
meets the requirements of 3.2.5.

9.7.6 ð25ÞDesign Certification by the Coefficient of
Discharge Method

A Manufacturer may obtain permission to apply the
Certification Mark to a pressure relief device design by
certifying multiple orifice sizes over a range of set pres-
sures. A coefficient of discharge for the design, K, may be
established for a specific pressure relief device design
according to the procedures described in 9.7.6.1
through 9.7.6.5.
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9.7.6.1 For each design, the pressure relief device
Manufacturer shall submit for test at least three
devices for each of three different sizes (a total of nine
devices), together with detailed drawings showing the
device construction. Each device of a given size shall
be set at a different pressure so that the tests cover
the range of pressures for which the device will be
used or the range available at the facility where the
tests are conducted. However, pressure relief valves
for steam boilers marked with the Certification Mark
and HV Designator shall have all nine valves set at
100 kPa (15 psig).

9.7.6.2 For each valve design intended to be restricted
in lift, the Manufacturer shall have capacity tests
conducted on three valves of different sizes. Each size
valve shall be tested for capacity at the minimum lift
forwhichcertification is required, andat two intermediate
lift points between the full-rated lift and minimum lift
certification points. Each of the three test valves shall
be set at a different pressure.

9.7.6.3 For each restricted-lift valve tested, it shall be
verified that actualmeasured capacity at restricted liftwill
equal or exceed the ASME-rated capacity at full-rated lift
multiplied by the ratio of measured restricted lift to full-
rated lift.

9.7.6.4 Tests shall be made on each pressure relief
device to determine its lift (if applicable) at capacity,
set pressure and blowdown (for pressure relief
valves), and measured relieving capacity in terms of
the fluid used in the test. A coefficient of discharge, KD,
shall be established for each test run as follows:

=K
W
WD

T

where
W = measured relieving capacity determined quanti-

tatively by test, kg/h (lbm/hr)
WT = theoretical relieving capacity calculated by the

appropriate equation as given in (a) through
(d), kg/h (lbm/hr)

(a) For Tests With Dry Saturated Steam
(1) For 45-deg seat

(SI Units)

= × ×W DLP5.25 0.707T

(U.S. Customary Units)
= × ×W DLP51.5 0.707T

where
D = seat diameter, mm (in.)
L = lift at pressure, P, mm (in.)

P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)

WT = theoretical relieving capacity, kg/h (lbm/hr)

(2) For flat seat

(SI Units)

= ×W DLP5.25T

(U.S. Customary Units)
= ×W DLP51.5T

where
D = seat diameter, mm, (in.)
L = lift at pressure, P, mm (in.)
P = absolute relieving pressure, MPa (psia) (see

Table 9.7.2-1)
WT = theoretical relieving capacity, kg/h (lbm/hr)

(3) For nozzle

(SI Units)

=W AP5.25T

(U.S. Customary Units)
=W AP51.5T

where
A = actual discharge area through the device at

developed lift, mm2 (in.2)
P = absolute relieving pressure, MPa (psia) (see

Table 9.7.2-1)
WT = theoretical relieving capacity, kg/h (lbm/hr)

For dry saturated steam pressures over 10.9 MPa
(1,580 psia) and up to 22.1 MPa (3,200 psia), WT calcu-
lated from the equations in (1) through (3) shall be multi-
plied by one of the following correction factors only if the
calculated correction factor is greater than 1.0:

(SI Units)

P
P

27.6 1 000
33.2 1 061

(U.S. Customary Units)
P
P

0.1906 1,000
0.2292 1,061

where
P = absolute relieving pressure, MPa (psia) (see

Table 9.7.2-1)
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(b) For Tests With Air

For nozzle

(SI Units)

=W AP
M
T

27.03T

(U.S. Customary Units)

=W AP
M
T

356T

where
A = actual discharge area through the device at

developed lift, mm2 (in.2)
M = molecular weight of air
x = 28.97 kg/kg-mol (28.97 lbm/lb-mole)
P = absolute relieving pressure, MPa (psia) (see

Table 9.7.2-1)
T = absolute temperature at inlet, K (°R)

K = °C + 273
°R = °F + 460

WT = theoretical relieving capacity, kg/h (lbm/hr)

(c) For Tests With Other Gases
For nozzle

=W CAP
M

ZTT

where
A = actual discharge area through the device at

developed lift, mm2 (in.2)
C = constant for gas or vapor based on ideal ratio, k,

of the specific heat in constant pressure, cp, to the
specific heat in constant volume, cv: k = cp/cv [see
Mandatory Appendix IV, Figure IV-1-1M (Figure
IV-1-1)]. C is determined from one of the
following equations:

(SI Units)

=
× ×
× × +

+
i
k
jjj y

{
zzz
( )

C k
k

39.48
kg kg mol K

mm h MPa

2
1

k
k

2

1
1

(U.S. Customary Units)

= × × °
× × +

+
i
k
jjj y

{
zzz
( )

C k
k

520
lbm lb mole R

in. hr psia

2
1

k
k

2

1
1

M = molecular weight for specific fluid or mixture,
kg/kg-mol (lbm/lb-mole)

P = absolute relieving pressure, MPa (psia) (see
Table 9.7.2-1)

T = absolute temperature at inlet, K (°R)
K = °C + 273
°R = °F + 460

WT = theoretical relieving capacity, kg/h (lbm/hr)
Z = compressibility factor for the specific fluid at the

specified conditions of P and T, unitless

(d) For TestsWithWater or Other Incompressible Fluids
(1) For 45-deg seat

(SI Units)

=W DL P P5.092 (0.707) ( )T d

(U.S. Customary Units)

=W DL P P2,407 (0.707) ( )T d

where
D = seat diameter, mm (in.)
L = lift at pressure, P, mm (in.)
P = absolute relieving pressure, MPa (psia) (see

Table 9.7.2-1)
Pd = absolute discharge pressure, MPa (psia)
WT = theoretical relieving capacity, kg/h (lbm/hr)
ρ = density of fluid at device inlet conditions, kg/m3

(lbm/ft3)

(2) For flat seat

(SI Units)

=W DL P P5.092 ( )T d

(U.S. Customary Units)

=W DL P P2,407 ( )T d

where
D = seat diameter, mm (in.)
L = lift at pressure, P, mm (in.)
P = absolute relieving pressure, MPa (psia) (see

Table 9.7.2-1)
Pd = absolute discharge pressure, MPa (psia)
WT = theoretical relieving capacity, kg/h (lbm/hr)
ρ = density of fluid at device inlet conditions, kg/m3

(lbm/ft3)
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(3) For nozzle

(SI Units)

=W A P P5.092 ( )T d

(U.S. Customary Units)

=W A P P2,407 ( )T d

where
A = actual discharge area through the device at

developed lift, mm2 (in.2)
P = absolute relieving pressure, MPa (psia) (see

Table 9.7.2-1)
Pd = absolute discharge pressure, MPa (psia)
WT = theoretical relieving capacity, kg/h (lbm/hr).
ρ = density of fluid at device inlet conditions, kg/m3

(lbm/ft3)

To convert kilogramsofwater perhour to liters ofwater
per minute, multiply the capacity, WT, in kilograms per
hour by 1∕60. To convert pounds mass of water per
hour to gallons of water perminute, multiply the capacity,
WT, in pounds mass per hour by 1∕500.

9.7.6.5 All experimentally determined coefficients,KD,
shall fallwithin a range of ±5%of the averageKD found. If a
device fails to meet this requirement, two additional
devices shall be tested as replacements for each device
having an individual coefficient, KD, outside the ±5%
range, with a limit of four additional devices. Failure to
meet this requirementshall because to refusecertification
of that particular device design. The average of the coeffi-
cients, KD, of the nine tests required shall be multiplied by
0.90, and this product shall be taken as the coefficient,K, of
that design. The coefficient of the design shall not be
greater than 0.878 (the product of 0.9 × 0.975).

9.7.6.6 The coefficient shall not be applied to devices
whose beta ratio (ratio of device bore to inlet diameter)
lies outside the range of 0.15 to 0.75, unless tests have
demonstrated that the individual coefficient of discharge,
KD, for devices at the extreme ends of a larger range is
within ±5% of the average coefficient, KD.

9.7.6.7 For designs where the lift is used to determine
the flow area, all valves shall have the same nominal lift to
seat diameter ratio, L/D.

9.7.6.8 For direct spring-loaded valves, the results
may be extrapolated to valves with set pressures
higher than the highest set pressure used in the capacity
certification tests, provided the spring in the valve with
the higher set pressure meets the requirements of 3.2.5.

9.7.6.9 For pressure relief valves, the results may be
extrapolated to valves larger or smaller than the valves
used in the capacity certification tests, provided all dimen-

sions of the flow path and all dimensions of the parts that
can affect the overall thrust exercised by the fluid on the
moving parts are scaled with the corresponding dimen-
sions of the valves used in the capacity certification
testing.

9.7.6.10 The coefficient shall not be applied to direct
spring-loaded valves with springs that do not meet the
requirements of 3.2.5.

9.7.6.11 The rated relieving capacity of all sizes and set
pressures of a given design for which K has been estab-
lished under the provision of 9.7.6 shall be determined by
the following equation:

×W W KR T

where
K = coefficient of discharge for the design

WR = rated relieving capacity, kg/h (lbm/hr)
WT = theoretical relieving capacity, defined by the

same equation as used to determine KD, kg/h
(lbm/hr)

9.7.7 ð25ÞFlow Resistance Method

The certified flow resistance, KR, of the non-reclosing
pressure relief device (Parts 4 and 5) shall be either
2.4 or as determined in accordance with 9.7.7.1
through 9.7.7.9.

9.7.7.1 Test fluids for flow resistance certification tests
shall be as follows:
(a) Non-reclosing pressure relief devices for air or gas

service shall be activated and flow testedwith air or gas to
determine flow resistance, KRG.
(b) Non-reclosing pressure relief devices for liquid

service shall be activated with water and flow tested
with air or gas to determine flow resistance, KRL.
(c) The flow resistance of non-reclosing pressure relief

devices for air or gas and liquid service,KRGL, may be certi-
fiedwith air or gas as in (a) and (b), but at least one device
of the number required under 9.7.7.6 for each size of each
series shall be activated with water and flow tested with
air or gas to demonstrate the liquid service flow resis-
tance.

9.7.7.2 Flow resistance certification tests shall be
conducted at an inlet pressure that does not exceed
110% of the device set pressure.

9.7.7.3 The flow resistance for devices tested with
non-pressure-containing items, such as seals, support
rings, and vacuum supports, is applicable to the same
device design without seals, support rings, or vacuum
supports.

9.7.7.4 Achange inmaterial for rupturedisks and their
non-pressure-containingdisk items, suchas seals, support
rings, and vacuum supports, is not considered a design
change and does not require retesting.
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9.7.7.5 Additional linings, coatings, or platings may be
used for the same design of devices, provided the
following conditions are met:
(a) The Certificate Holder has performed a verification

test with the additional linings, coatings, or platings and
has documented that the addition of these materials does
not affect the device opening configuration.
(b) The verification test described in (a) shall be

conducted with devices of the smallest size and
minimum set pressure for which the certified flow resis-
tance with additional materials is to be used.

9.7.7.6 Flow resistance certification shall be deter-
mined by one of the following methods:
(a) One-Size Method
(1) For each non-reclosing pressure relief device

design, three activation components from the same lot
shall be individually activated and the device tested in
accordance with 9.7.7.7. The set pressure shall be the
minimum for the pressure to be certified.

(2) The certified flow resistance, KR, determined in
9.7.7.7 shall applyonly to thenon-reclosingpressure relief
device design of the size tested.

(3) If additional activation components of the same
design are constructed at a later date, the test results on
the original componentsmay be included, as applicable, in
the three-size method described in (b).
(b) Three-Size Method
(1) The three-size method of flow resistance certifi-

cation may be used for a non-reclosing pressure relief
device design of three or more sizes.

(2) For each of the three sizes of the non-reclosing
pressure relief device designbeing tested, three activation
components from the same lot shall be activated and the
device flow tested in accordancewith9.7.7.7. For each size
tested, the set pressure shall be the minimum pressure to
be certified.

(3) The certified flow resistance,KR, shall apply to all
sizes and pressures of the non-reclosing pressure relief
device design tested.

9.7.7.7 A certified flow resistance, KR, may be estab-
lished for a specific non-reclosing pressure relief device
design according to the following procedure:
(a) For each design, the non-reclosing pressure relief

device Manufacturer shall submit for test the required
devices in accordance with 9.7.7.6, together with the
cross section drawings showing the device design.
(b) Tests shall bemade on each device to determine its

set pressure and flow resistance at a facility thatmeets the
requirements of 9.1.2.
(c) An average flow resistance shall be calculated from

the individual flow resistances determined in (b). All in-
dividual flow resistances shall fall within the average flow
resistance by an acceptance band of ±3 times the average
of the absolute values of the deviations of the individual
flow resistances from the average flow resistance. Any

device for which the individual flow resistance falls
outside of this band shall be replaced on a two-for-one
basis. A new average flow resistance shall be computed
and the individual flow resistances evaluated as stated
above.
(d) The certified flow resistance,KR, for a non-reclosing

pressure relief device design shall be not less than zero
and shall be not less than the sum of the average flow
resistance plus 3 times the average of the absolute
values of the deviations of individual flow resistances
from the average flow resistance. The certified flow resis-
tance,KR, for a non-reclosing pressure relief device design

(1) shall not be less than zero
(2) shall not be less than the sum of the average flow

resistance plus 3 times the average of the absolute values
of the deviations of individual flow resistances from the
average flow resistance

(3) shall not be less than 110% of the highest
measured individual flow resistance

9.7.7.8 After completion of the flow resistance testing
in 9.7.7.7, a minimum net flow area evaluation shall be
conducted to verify the measured flow capacity meets
or exceeds the rated flow capacity calculated for the
simple system method in 4.1.3.2(a). Devices shall be acti-
vated using the appropriate media per 9.7.7.1 based on
their flow resistance certification, KRG, KRL, or KRGL.
(a) The test arrangement shall meet the following re-

quirements:
(1) The nominal diameters of the inlet and discharge

piping is equal to or greater than the marked DN (NPS)
designator of the device.

(2) The rupture disk device is installed eight pipe
diameters from the vessel nozzle entry.

(3) The discharge piping downstream of the rupture
disk device is five pipe diameters in length.

(4) The discharge piping vents directly to the atmo-
sphere.
(b) The test fluid for flow capacity test shall be air or

gas.
(c) The flow capacity shall bemeasured at a flow rating

pressure that does not exceed the maximum pressure for
capacity certification test from Table 9.7.2-1 based on the
measured burst pressure established during activation
testing in 9.7.7.1.
(d) The rated flow capacity of the simple system shall

be determined in accordance with 4.1.3.2(a) using the
specified minimum net flow area and relieving pressure
equal to the actual flow rating pressure corresponding to
the measured flow capacity established in (c).
(e) The specified minimum net flow area shall be ac-

ceptable if the measured flow meets or exceeds the rated
flow capacity calculated for the simple system. If the
measured flowcapacity is less than the rated flowcapacity
calculated for the simple system, the measured flow ca-
pacity shall be used with the applicable theoretical flow
equation from 9.7.6.4 multiplied by 0.62 coefficient of
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discharge and the actual flow rating pressure corre-
sponding to the measured flow capacity established in
(c) to establish the minimum net flow area for the
rupture disk device.
(f) For air or gas and liquid service devices, KRGL, the

requirements of (e) shall be met for the device activated
using air or gas and the device activated using liquid. If
calculation of the minimum net flow area based on
measured flow capacity is performed, the minimum
net flow area shall be the lesser of the values determined
for the air- or gas-activated and liquid-activated devices.

9.7.7.9 Flow resistance and minimum net flow area
capacity test data reports for each non-reclosing pressure
relief device design, signed by the Manufacturer and the
Authorized Observer witnessing the tests, shall be
submitted to the ASME Designated Organization for
review and acceptance.

9.8ð25Þ ALTERNATIVE METHODS FOR VALVES, PIN
DEVICES, AND SPRING-ACTUATED NON-
RECLOSING PRESSURE RELIEF DEVICES
EXCEEDING THE LABORATORY CAPABILITIES

(a) If the design of the valve, pin device, or spring-actu-
ated non-reclosing pressure relief device exceeds the lab-
oratory pressure capability, the method in 9.7.5, 9.7.6, or
9.7.7 shall be followed with the following exceptions:

(1) Valves shall be testedwith their disks fixed at the
minimum design lift to establish the rated capacity.

(2) Pin devices or spring-actuated non-reclosing
pressure relief devices shall be tested with their disks
fixed at the minimum design lift or in the fully open posi-
tion to establish rated capacity.
(b) If the design of the valve, pin device, or spring-actu-

ated non-reclosing pressure relief device exceeds the lab-
oratory size or capacity capability, 9.7.5, 9.7.6, or 9.7.7
shall be followedexcept that flowmodelsof threedifferent
sizes, each tested at three different pressures, shall be
used in place of the valves, pin devices, or spring-actuated
non-reclosing pressure relief devices required in 9.7.5,
9.7.6.1, 9.7.6.2, 9.7.6.3, or 9.7.7.6. Such flow models
shall be sized consistent with the capabilities of the
accepted test laboratorywhere the test will be conducted,
and shall accurately model those features that affect flow
capacity, such as orifice size, valve lift, and internal flow
configuration. The test models need not be functional but
shall be geometrically similar to the final product.
(c) In the case of either (a) or (b), the valve, pin device,

or spring-actuated non-reclosing pressure relief device
design (i.e., parameters such as spring properties, seat
geometry, internal flow configuration in the fully open
position, and mechanical valve lift) shall be evaluated
to ensure that production valves, pin devices, or
spring-actuated non-reclosing pressure relief devices
will achieve design lift or complete opening as
modeled above.

9.9 CAPACITY CERTIFICATION OF SECTION III
(NV-DESIGNATED) PRESSURE RELIEF VALVES

The following paragraphs are revisions or additions to
the requirements in 9.1 through 9.8 that apply only for
Section III (NV Designator) pressure relief valves:
(a) Capacity Certification. Capacity certification

obtained in compliance with other Designators which
comply with all requirements of the NV Designator are
qualified for capacity certification under the NV Desig-
nator. Capacity certificationobtainedunder these require-
ments for one specific Class under the NV Designator
which comply with all requirements of other classes
under the NV Designator are qualified for capacity certi-
fication under these rules for those other Classes.
(b) Demonstration-of-Function Test. For each design, a

demonstration-of-function test program as required by
9.9.4 shall be performed.
(c) Proration of Capacity
(1) Thecapacity of a pressure relief valve applied toa

system may be prorated to an overpressure greater than
the overpressure for which the valve design is certified.
This overpressure shall be within the allowable limits of
the system.

(2) Prorated capacity shall be determined by one of
the following, dependingon themethodused for the initial
capacity certification:

(-a) The prorated capacity shall be 90% of the
average slope determined in 9.7.5 multiplied by the
prorated relieving pressure, kPa abs (psia).

(-b) The prorated capacity shall be calculated
using the appropriate equation from 9.7.6, where P is
the prorated relieving pressure, kPa abs (psia), multiplied
by the coefficient K.

9.9.1 Certification Set Pressures of 20 kPa (3 psig)
Up to but Not Including 100 kPa (15 psig)

Capacity certification tests for air or gas servicewith set
pressures of 20 kPa gage (3 psig) up to but not including
100 kPa gage (15 psig) shall be conducted in accordance
with the requirements of 9.7.3, 9.7.5, 9.7.6, or 9.9.3 modi-
fied as follows:
(a) The capacity shall be determined at no more than

13.8 kPa (2 psi) above the actual set pressure.
(b) Valves set below 100 kPa gage (15 psig) and having

adjustable blowdown construction shall be adjusted prior
to capacity certification testing so that the blowdown shall
not be greater than 20 kPa (3 psi) nor less than
4 kPa (0.5 psi).

9.9.1.1 Design Certification by the Four-Device
Method

(a) For air and gas service valves with set pressures of
20 kPa gage (3 psig) up to but not including 100 kPa gage
(15 psig) that are being certified by the four-device
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method (see 9.7.5), slope is defined as the measured ca-
pacity divided by the following quantity:

[ ]F P P P( )o
/1 2
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k = ratio of specific heats, cp/cv
P = inlet pressure, kPa (psi)
Po = discharge pressure, kPa (psi)
r = pressure ratio, Po/P

(b) If any of the experimentally determined slopes fall
outside of a range of ±5% of the average slope, the unac-
ceptable valves shall be replacedby twovalves of the same
size and set pressure. Following the test of these valves, a
new average slope shall be determined, excluding the
replaced valve test results. If any individual slope is
now outside of the ±5% range, then the tests shall be
considered unsatisfactory and shall be cause for the
ASME Designated Organization to refuse certification of
the particular valve design.
(c) The certified slope shall be 90% of the average

slope.
(d) The certified capacity shall be the certified slope

multiplied by the quantity [ ]F P P P( )o
/1 2
.

9.9.1.2ð25Þ Design Certification by the Coefficient of
Discharge Method

(a) For air and gas service valves with set pressures of
20 kPa gage (3 psig) up to but not including 100 kPa gage
(15 psig) that are being certified by the coefficient of
discharge method as required by 9.7.6, one of the
following equations shall be used for other than saturated
steam flow:
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A = flow area, mm2 (in.2)
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or is obtained from

Figure 9.9.1.2-1
k = ratio of specific heats, cp/cv
M = molecular weight
P = inlet pressure, MPa (psi)
Po = discharge pressure, MPa (psi)
Q = m3/hr at 101 kPa and 20°C (ft3/hr at 14.7 psi and

60°F)
r = pressure ratio, Po/P
T = temperature, K (°R)
W = kg/hr (lb/hr)

(b) The average of the coefficients of discharge, KD, of
the tests required shall be multiplied by 0.90 and their
product shall be the coefficient K of that design. The coef-
ficient of the design shall not be greater than 0.878 (the
product of 0.90 × 0.975).

9.9.2 Vacuum Pressure Relief Valves

(a) Capacity tests may be conducted by pressurizing
the valve instead of using a vacuum, provided the
following conditions are met:

(1) Inlet conditions of the valve (not the vessel) are
known.

(2) The inlet pressure is not greater than 35 kPa
(5 psi).

(3) The direction of flow through the valve is the
same on pressure as is experienced on vacuum.
(b) Tests shall be conductedat twice the set pressureor

7 kPa (1 psi), whichever is greater.

9.9.2.1 Vacuum Valve Design Certification by the
Four-Device Method. Four valves of each combination
of pipe size and orifice size shall be tested. These four
valves shall be set at pressures that cover the appropriate
range of pressures for which the valves are to be used or
set within the range of the test facility. The slope of each
test shall be calculated and averaged, where slope is
defined as the measured capacity divided by the quantity

[ ]F P P P( )o
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where
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k = ratio of specific heats, cp/cv
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P = inlet pressure
Po = discharge pressure
r = pressure ratio, Po/P

If any of the experimentally determined slopes fall
outside of a range of ±5% of the average slope, the unac-
ceptable valves shall be replacedby twovalves of the same
size and set pressure. Following the test of these valves, a
new average slope shall be determined, excluding the
replaced valve test results. If any individual slope is
now outside of the ±5% range, then the tests shall be
considered unsatisfactory and shall be cause for the
ASME Designated Organization to refuse certification of
the particular valve design.
The certified capacity shall be 90% of the average slope

multiplied by the quantity [ ]F P P P( )o
/1 2.

9.9.2.2ð25Þ Vacuum Valve Design Certification by the
Coefficient of Discharge Method. A coefficient, K, may
be established for a specific vacuum relief valve design
in accordancewith 9.7.6, except the equations in this para-
graph shall be used.

For each design, three valves of three different sizes, a
total of nine valves, shall be tested. Each valve of a given
size shall be set at a different pressure. Tests shall bemade
on each relief valve to determine its lift, opening and
closing pressures, and actual capacity. A coefficient of
discharge,KD, shall be established for each run, as follows:

= =K actual flow
theoretical flow

coefficient of dischargeD

whereactual flow isdeterminedquantitativelyby test, and
theoretical flow is calculated from the appropriate equa-
tion for the test fluid. The following equation may be used
for other than saturated steam flow:
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Figure 9.9.1.2-1
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(U.S. Customary Units)
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A = flow area, mm2 (in.2)
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9.9.1
k = ratio of specific heats, cp/cv
M = molecular weight
P = inlet pressure, MPa (psi)
Po = discharge pressure, MPa (psi)
Q = m3/hr at 0.101 MPa and 15°C (ft3/hr at 14.7 psi

and 60°F)
r = pressure ratio, Po/P
T = temperature, K (°R)
W = kg/hr (lb/hr)

The average of the coefficients of discharge,KD, of the tests
required shall be multiplied by 0.90, and their product
shall be the coefficient K of that design. The coefficient
of the design shall not be greater than 0.878 (the
product of 0.9 × 0.975).

9.9.3 Flow Model Testing of Valve Capacity in
Excess of Test Facility Limits

(a) For valve designs with a single orifice size whose
capacity exceeds the capacity limits of the test facility, the
certified capacity may be based on a flow coefficient, K,
determined from blocked open flow tests with the valve
disk fixed at theminimumdesign value. Four tests shall be
performed at four different pressures as outlined in 9.7.5
or 9.9.1.1.
(b) When test facility limitations make it impossible to

perform capacity tests of the full-scale pressure relief
valves, alternative methods in 9.8(b) and 9.8(c) may be
used.
The relieving capacity of valve designs certified by use

of flow models shall be established by the coefficient of
discharge method similar to that outlined in 9.7.6 or
9.9.1.2, with each flow model being flow tested at
three different pressures.
The orifice area for flow models shall be such that for

designs where choked-flow conditions are expected, the
model flowarea shall ensure that choked flow in themodel
is attained.

(c) The function of each design to be certified by flow
model testing shall be demonstrated by test.

9.9.4 Demonstration of Function

(a) General. For Section III (NV Designator) pressure
relief valves, demonstration-of-function tests shall be
conducted. Such tests may be performed in conjunction
with the capacity certification tests outlined in 9.9 or as
separate tests using production valves.
(b) Number of Valves to Be Tested
(1) For a design being certified including one single

valve (see9.7.3), that valveshall be tested. If twovalvesare
being constructed, two valves of the specific inlet size,
orifice size, and design shall be tested. Should additional
valvesof the samedesignbeconstructedat a laterdate, the
results of the tests on the original valve or valves may be
included, as applicable.

(2) For a design being certified by the three-device
method (see 9.7.4), three sample valves shall be tested.

(3) For a design being certified by the four-valve
method (see 9.7.5), three sample valves, each set at a
different set pressure, shall be tested.

(4) For a design being certified by the coefficient of
discharge method (see 9.7.6), the function of three valves
in three different sizes shall be demonstrated by test.
(c) Test LocationandClass-SpecificMethods. These tests

shall be conducted at a place where the testing facilities,
methods, and procedures provide for sufficient testing ca-
pacity and range of fluid properties so that the testing
requirements of this paragraph are met. The tests shall
be performed to the satisfaction of a representative
from an ASME Designated Organization and shall show
that the valves will open at set pressure within the
required opening-pressure tolerance, will achieve full
lift, and will reclose within required blowdown specifica-
tion.

(1) Class 1 Construction. For Class 1 construction, the
following additional requirements apply:

(-a) The three valves selected shall envelop the
largest and smallest combination of inlet size and
orifice size of the specific design.

(-b) The NV Certificate Holder shall specify the
range of pressures, temperatures, and other fluid condi-
tions for which the valves are to be tested. The range shall
be sufficient to cover all expected operating fluid condi-
tions. Additionally, tests shall include the range of inlet
pressure losses and discharge back pressure conditions
for which the valves are expected to be used.

(2) Class 2 andClass 3 Construction. If requireddue to
test facility limitations, these tests may be conducted at
reduced-flow capabilities. Measurement of valve blow-
down may not be possible.
(d) Data Report Form. The NV Certificate Holder shall

document in the “Remarks” section of the Data Report
FormNV-1 (see Section III Appendices,MandatoryAppen-
dix V) that the requirements of 9.9.4 have been met.
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PART 10
AUTHORIZATION TO USE THE ASME CERTIFICATION MARK

10.1ð25Þ CERTIFICATION MARK

Each pressure relief device to which the Certification
Mark and appropriate Designator (see Figure 10.1-1)
will be applied shall be fabricatedorassembledbyaManu-
facturer or Assembler, as applicable, holding a valid Certi-
ficate of Authorization, and capacity or flow resistance
certified in accordance with the requirements of ASME
CA-1 and this Section.

10.2 CERTIFICATES OF AUTHORIZATION

(a) A Certificate of Authorization to use the Certifica-
tionMark andHV, UV, UD, UV3, UD3, TV, or TDDesignator
will be granted by the Society in accordance with the
provisions of ASME CA-1. Stamps for applying the Certi-
fication Mark shall be obtained from the Society.
(b) Any organization desiring a Certificate of Author-

ization shall apply to ASME in accordance with the certi-
fication process of ASME CA-1. Authorization to use
Certification Marks may be granted, renewed, suspended,
or withdrawn as specified in ASME CA-1.

10.3 DESIGNATED OVERSIGHT

The Manufacturer or Assembler shall comply with the
requirements of ASME CA-1 for Designated Oversight by
use of a Certified Individual (CI).

10.4 QUALITY MANAGEMENT SYSTEM

AnyManufacturer or Assembler holding or applying for
a Certificate of Authorization shall demonstrate a quality
management systemthatmeets therequirementsofASME
CA-1 and establishes that all ASME BPVC requirements,
includingmaterial, design,manufacture, and examination,
will be met. The quality management system shall be in
accordance with the requirements of Mandatory
Appendix III. Certificates of Authorization shall be
endorsed to indicate the scope of activity authorized.

10.5 EVALUATION OF THE QUALITY
MANAGEMENT SYSTEM

(a) The issuance or renewal of a Certificate of Author-
ization is based on ASME’s evaluation and approval of the
quality management system and shall be in accordance
with ASME CA-1.

(b) Before issuance or renewal of a Certificate of
Authorization for use of the Designator, the pressure
relief device Manufacturer’s or Assembler’s facilities
and organization are subject to a review by a represen-
tative from an ASME Designated Organization.
(c) Certificates of Authorization are valid for the period

given in ASME CA-1.
(d) Any changes made to the quality management

system shall be made and accepted in accordance with
the requirements specified in ASME CA-1.

10.6 ð25ÞCERTIFIED INDIVIDUAL (CI)

(a) General. A CI meeting the requirements of ASME
QAI-1 shall provide oversight to ensure that each
use of the Certification Mark and appropriate Designator
on a pressure relief device is in accordance with the re-
quirements of this Section, and that each use of the Certi-
fication Mark and appropriate Designator is documented
on the appropriate Certificate of Conformance, as
indicated in the table below. (See Nonmandatory
Appendix C for Forms.)

Certification
Mark

Designator

Certificate of
Conformance

Form
HV HV-1
UV UV-1
UD UD-1
UV3 K-4
UD3 K-5
TV TV-1
TD TD-1

(b) Requirements for the CI. The CI shall
(1) be qualified and certified by the Certificate

Holder. Qualifications shall include the following as a
minimum:

(-a) knowledge of the requirements of this Section
for the application of the Certification Mark with applica-
ble Designator

(-b) knowledge of the Certificate Holder’s Quality
Management System

(-c) training commensurate with the scope,
complexity, or special nature of the activities for which
the CI will provide oversight
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(2) comply with the National Board “Rules for Certi-
fied Individuals” and hold a valid National Board Certifi-
cation for the specific ASME BPVC Section activities the CI
undertakes

(3) have a record maintained by the Certificate
Holder containing objective evidence of the qualifications
of the CI and the training provided

(4) have sufficient and well-defined responsibility,
authority, and organizational freedom to perform the
duties in (c)

(c) Duties of the Certified Individual. The CI shall
(1) verify that each item to which the Certification

Mark is applied meets all the applicable requirements
of thisSectionandhasacurrent capacityor flowresistance
certification for the applicable Designator

(2) review the documentation to verify that require-
ments of this Sectionhavebeen completed for each item to
which the Certification Mark is applied

(3) sign the appropriate Certificate of Conformance
form prior to release of control of the item or items

10.7 ð25ÞCERTIFICATE OF CONFORMANCE

(a) The appropriate Certificate of Conformance [see
10.6(a)] shall be filled out by the Manufacturer or Assem-
bler and signed by the CI. Multiple pressure relief devices
maybe recordedasa single entry,provided thedevicesare
identical and are released from theCI’s control at the same
time.
(b) The Manufacturer’s or Assembler’s written quality

management system shall include requirements for
completion and retention of the appropriate Certificate
of Conformance form.

Figure 10.1-1
ASME Certification Mark With Designator

Designator [Note (1)]

ASME Single Certification Mark

NOTE: (1) The appropriate Certification Mark Designator shall be
placed beneath the Certification Mark.
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PART 11
REQUIREMENTS FOR OPEN FLOW PATHS OR VENTS

11.1 APPLICABILITY

Flow paths or vents that open directly or indirectly to
theatmospheremaybeusedas the solepressure-relieving
device as permitted by the referencing Code or Standard.
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PART 12
INSTALLATION

12.1 APPLICABILITY

Pressure relief devices shall be installed in accordance
with the equipment’s code or standard unless the code or
standard has also adopted by reference specific require-
ments of Part 12. For installation requirements not
addressed by the code or standard, the guidance in
this Part may be used.

12.2 GENERAL

(a) Pressure relief devices shall be installed to mini-
mize the possibility that they will be damaged or other-
wise rendered inoperable during expected operating and
relieving conditions.
(b) The pressure relief devices on all pressurized

equipment shall be so installed that their proper func-
tioning will not be hindered by the nature of the pressur-
ized equipment’s contents.
(c) The selection of the pressure relief device or the

installation design shall not allow accumulation of rain-
water, snow, ice, or debris in the discharge system.
(d) Materials of construction for the relief system shall

be selected to minimize deterioration from exposure to
the ambient atmosphere and system contents.

12.3 LOCATION

(a) Pressure relief devices shall be selected and located
based on normal operation and potential overpressure
scenarios. Each installation shall meet the overpressure
limits of the referencing Code or Standard.

(1) Normally, pressure relief devices for relief of
compressible fluids should be connected to the vapor
space above any contained liquid or to piping connected
to the vapor space, and pressure relief devices for liquid
should be connected below the liquid level.

(2) Alternate connectionsmaybeuseddependingon
the selected device and the overpressure scenarios.
(b) Consideration should be given to pressure relief

device proximity to the protected equipment or system
to ensure pressure during a relief event remains below
the maximum allowed relief pressure.
(c) The relief device should be installed in the cleanest

portion of the process to avoid plugging, fouling, or other
conditions that would adversely affect the operability of
the relief device.

(d) Consideration should be given to the pressurized
equipment internals and possible obstructions to the
relief path.
(e) Pressure relief device testing, inspection, replace-

ment, and repair should be a design consideration for the
pressure relief system, including the location of compo-
nents such as the pressure relief devices, stop valves, tell-
tales and pressure gages.

12.4 RUPTURE DISK INSTALLATION

For rupture disks that are marked with only a lot
number in accordance with 4.7.1: Following the installa-
tion of the disk, themetal tag shall be sealed to the installa-
tion in a manner that will prevent removal of the disk
without breaking the seal. The seal shall identify the orga-
nization responsible for performing the installation.

12.5 ð25ÞINLET PIPING SYSTEM

(a) The Designer shall consider the effects of the pres-
sure drop during venting in the pressure relief system
piping when specifying the set pressures and flow capac-
ities of pressure relief valves and non-reclosing devices.
(b) The pressure drop through the upstream system to

the pressure relief valve shall not reduce the relieving ca-
pacity below that required to prevent the pressure from
exceeding its maximum allowed relief pressure or
adversely affect the proper operation, including stability,
of the pressure relief valve.
(c) The opening through all equipment nozzles, pipe,

fittings, and non-reclosing pressure relief devices (if
installed) between the pressurized equipment and its
pressure relief valve shall have an area at least equal
to the pressure relief valve inlet area.
(d) The design of the inlet line and connection to the

pressurized equipment should consider stresses caused
by discharge reactive forces and static loads from the
relief device.

12.6 MOUNTING OF TWO OR MORE REQUIRED
DEVICES

(a) Whentwoormore relief devices are installedon the
same line to the equipment being protected, the pressure
drop through the upstream system while all devices are
relieving shall not reduce the relieving capacity below that
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required to prevent the pressure from exceeding its
maximum allowed relief pressure.
(b) If one or more pressure relief valves are used, the

upstream system shall not adversely affect the proper
operation, including stability.
(c) For pressure relief valves, consideration should be

given to staggering the set pressures to improve valve sta-
bility during operation.

12.7 ORIENTATION OF PRESSURE RELIEF VALVES

Spring-loaded pressure relief valves should be installed
in the upright position with the spindle vertical.

12.8ð25Þ DISCHARGE PIPING SYSTEM

(a) The size of the discharge lines shall be such that any
pressure that may exist or develop will not reduce the
relieving capacity of the pressure relief devices below
that required to properly protect the pressurized equip-
ment, or adversely affect the proper operation of the pres-
sure relief devices.
(b) The design of the discharge system and associated

supports should consider stresses caused by discharge
reactive forces and static loads on the relief device.
(c) Discharge lines frompressure relief devices shall be

designed to facilitate drainage or fitted with drains to
prevent liquid from lodging in the discharge side of

the pressure relief device, and such lines shall lead to
a safe place of discharge.
(d) When multiple pressure relief devices can

discharge through a common stack or vent path, the
maximum back pressure that can exist at the exit of
each pressure relief device during simultaneous releases
shall not impair its operation or limit its capacity below
that required to simultaneously protect each pressurized
equipment.

12.9 STOP VALVES

See Nonmandatory Appendix B for guidance on the use
of stop valves in pressure-relieving systems.

12.10 ð25ÞBONNET VENTING

The bonnet of the pressure relief valves in 3.2.3 and
3.2.10 shall be configured in one of the following ways:
(a) vented to atmosphere
(b) piped to a location that maintains atmospheric

pressure
(c) piped to a location that is not at atmospheric pres-

sure provided the user has consulted the device Manufac-
turer to ensure that the pressure in the bonnet does not
interfere with the proper operation of the valve

ASME BPVC.XIII-2025

52



PART 13
RULES FOR OVERPRESSURE PROTECTION BY SYSTEM DESIGN

13.1ð25Þ GENERAL

(a) The rules of this Part are applicable only when
specified by the referencing Code or Standard.
(b) Pressurized equipmentmaybe providedwith over-

pressure protection by system design in lieu of a pressure
relief device or pressure relief devices if all provisions of
this Part and the referencing Code or Standard are satis-
fied.

13.2ð25Þ PRESSURIZED EQUIPMENT FOR WHICH THE
PRESSURE IS SELF-LIMITING

The decision to limit the pressure by system design is
the responsibility of theuser. Pressurized equipment does
not require a pressure relief device if the pressure is self‐
limiting (e.g., the maximum discharge pressure of a pump
or compressor), this pressure is less than or equal to the
maximum allowable working pressure (MAWP) of the
pressurized equipment at the coincident temperature,
and the following conditions are met:
(a) Theuser shall conductadetailedanalysis to identify

and examine all potential overpressure scenarios. The
“Causes of Overpressure” described in API Standard
521 [see Table 1.4-1, Note (1)] shall be considered.
Other standards or recommended practices that are
more appropriate to the specific application may also
be considered. A multidisciplinary team experienced in
methods such as hazards and operability analysis
(HazOp); failure modes, effects, and criticality analysis
(FMECA); “what‐if” analysis; or other equivalent metho-
dology shall establish that thereareno sourcesofpressure
that can exceed the MAWP at the coincident temperature.
(b) The results of the analysis shall be documented and

signed by the individual in responsible charge of the
management of the operation of the pressurized equip-
ment. This documentation shall include the following,
as a minimum:

(1) detailed process flow diagrams (PFDs) and
piping and instrument flow diagrams (P&IDs) showing
all pertinent elements of the system associated with
the pressurized equipment

(2) adescriptionof all operatingandupset scenarios,
including scenarios involving fire and those that result
from operator error, equipment malfunctions, and instru-
mentation malfunctions

(3) an analysis showing the maximum coincident
pressure and temperature that can result from each of
the scenarios listed in (2) do not exceed the MAWP at
that temperature

13.3 ð25ÞPRESSURIZED EQUIPMENT FOR WHICH THE
PRESSURE IS NOT SELF-LIMITING

If the pressure is not self-limiting, pressurized equip-
ment may be protected from overpressure by system
design or by a combination of overpressure by system
design and pressure relief devices, if the following condi-
tionsaremet. Therulesbelowarenot intended toallowfor
normal operation above the MAWP at the coincident
temperature.
(a) The pressurized equipment is not exclusively in air,

water, or steam service except where any of the following
apply:

(1) These services are critical to preventing the
release of fluids thatmay result in safety or environmental
concerns.

(2) Failure or premature opening of the pressure
relief device would result in an unacceptably high prob-
ability of failure or damage to the pressurized equipment
or other equipment in the system.

(3) Failure or premature opening of the pressure
relief device would result in significant operational
upset(s).
(b) The decision to limit the overpressure by system

design is the responsibility of the user. If no pressure
relief device is to be installed, acceptance of the jurisdic-
tion may be required.
(c) Theuser shall conduct adetailed analysis to identify

and examine all scenarios that could result in an overpres-
sure condition and magnitude of the overpressure. The
“Causes of Overpressure” as described in API Standard
521 [see Table 1.4-1, Note (1)] shall be considered.
Other standards or recommended practices that are
more appropriate to the specific application may also
be considered. A multidisciplinary team experienced in
methods such as hazards and operability analysis
(HazOp); failure modes, effects, and criticality analysis
(FMECA); “what-if” analysis; or other equivalent metho-
dology shall conduct the analysis.
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(d) The overpressure scenario shall be readily
apparent so that operators or protective instrumentation
will take corrective action to prevent operation above the
MAWP at the coincident temperature.
(e) There shall be no credible overpressure scenario in

which the pressure exceeds that specified by the referen-
cing Standard for vessels with overpressure protection by
systemdesignwhere the pressure is not self-limiting at or
below the vessel MAWP. For example, Section VIII, Divi-
sion 1 specifies 116% of the MAWP times the ratio of the
allowable stress value at the temperature of the overpres-
sure scenario to the allowable stress value at the design
temperature. The overpressure limit shall not exceed the
vessel test pressure. Credible events or scenario analysis
as described in WRC Bulletin 498 shall be considered.
(f) The results of the analysis shall be documented and

signed by the individual in responsible charge of the
management of the operation of the pressurized equip-

ment. This documentation shall include the following,
as a minimum:

(1) detailed process flow diagrams (PFDs) and
piping and instrument flow diagrams (P&IDs) showing
all pertinent elements of the system associated with
the pressurized equipment

(2) adescriptionof all operatingandupset scenarios,
including those involving fire and those that result from
operator error, and equipment and/or instrumentation
malfunctions

(3) a detailed description of any safety-critical in-
strumentationused to limit the systempressure, including
the identification of all truly independent redundancies
and a reliability evaluation (qualitative or quantitative)
of the overall safety system

(4) an analysis showing the maximum pressure that
can result from each of the scenarios described in (2)

ASME BPVC.XIII-2025

54



MANDATORY APPENDIX I
DEFINITIONS

I-1 INTRODUCTION

This Appendix contains definitions of terms generally
used in this Section. These terms define pressure relief
devices and their functional and operational characteris-
tics and standardize the terminology covering such
devices, their characteristics, and testing methods.
These definitions and terms shall take precedence
should there be any discrepancy with the referenced
material for the construction of pressure relief devices.

I-2ð23Þ DEFINITIONS OF TERMS
40-cc pressure: the value of increasing inlet static pressure
of a pressure relief valve atwhich the discharge ofwater is
measured at 40 cm3/min.
adjusting ring: a ring used to control the opening charac-
teristics or the reseat pressure, or both, of a direct spring-
loaded valve.
adjustment screw: a screw used to adjust the set pressure
or the reseat pressure of a reclosing pressure relief device.
Assembler: an organization that holds an ASME Certificate
of Authorization to apply the Certification Mark and is
responsible for assembly, adjustment, testing, sealing,
and shipping of pressure relief devices certified under
this Section.
ASME Designated Organization: an entity appointed by
ASME to perform an administrative activity in accordance
with an applicable code or standard. (ASME CA-1)
ASME Designee: an individual authorized by ASME to
perform administrative functions on its behalf. (ASME
CA-1)
back pressure: the pressure existing at the outlet of a pres-
sure relief device due to pressure in the discharge system.
Back pressure includes built-up back pressure and super-
imposed back pressure.
built-up back pressure: pressure existing at the outlet of

a pressure relief device caused by the flow through that
device into a discharge system.
superimposed back pressure: the static pressure existing

at the outlet of a pressure relief device at the time the
device is required to operate. It is the result of pressure
in the discharge system from other sources.
variable back pressure: a superimposed back pressure

that will vary with time.

backflow preventer: a part or feature of a pilot-operated
pressure relief valve used to prevent the valve from
opening and flowing backward when the pressure at
the valve outlet is greater than the pressure at the
valve inlet.
bellows: a flexible pressure-containing component of a
valve used to isolate the valve’s bonnet from the
valve’s discharge or to prevent changes in set pressure
when the valve is subjected to a superimposed back pres-
sure or to prevent corrosion between the disk holder and
guide.
bench testing: testing of a pressure relief device on a test
stand using an external pressure source with or without
an auxiliary lift device to determine some or all its oper-
ating characteristics.
blowdown: the difference betweenmeasured set pressure
of apressure relief valve andmeasured reseatingpressure
after having been subjected to a pressure equal to or
greater than the set pressure. Blowdown is usually
expressed as a percentage of set pressure or in pressure
units.
dynamic blowdown: thedifferencebetween the set pres-

sure and reseating pressure of a pressure relief valve
when the valve is overpressured to the flow-rating pres-
sure.
static blowdown: the difference between the set pres-

sure and the reseating pressure of a pressure relief valve
when the valve is not overpressured to the flow-rating
pressure.
blowdown ring: see adjusting ring.
body: a pressure-retaining or pressure-containing
member of a pressure relief device that supports the
parts of the valve assembly and has provisions for
connecting to the primary and secondary pressure
sources, as applicable. Also called valve body.
bonnet: a component of a direct spring-loaded valve or of a
pilot in a pilot-operated valve that supports the spring. It
may or may not be pressure containing.
bore area: the minimum cross-sectional flow area of a
nozzle (see Figure I-2-1).
bore diameter: the minimum diameter of a nozzle.
breaking pin: the load-carrying element of a breaking pin
non-reclosing pressure relief device.
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Figure I-2-1
Typical Curtain Areas of Pressure Relief Devices
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(b) Bevel-Seated Valves [Note (2)]
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Legend:
B = slant height of frustum of cone
D = seat diameter = smallest diameter at which seat touches disk
DB = other diameter of frustum of cone
L = lift
R = radius
Θ = seat angle = angle of seating surface with axis of valve

GENERALNOTE: Curtain area is the discharge area unless the disk attains sufficient lift for the valve bore to become the controlling area. See I-2,
definitions of actual discharge area, bore area, and curtain area.

NOTES:
(1) Curtain area = surface of cylinder = πDL.

(2) Curtain area = surface of frustum of cone = +
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breaking pressure: the value of inlet static pressure at
which a breaking pin or shear pin device functions.
bubble pressure: the value of increasing inlet static pres-
sure of a pressure relief valve at which the onset of a
continuous stream of bubbles occurs when the valve is
tested bymeans of air or other suitable gas under a speci-
fied water seal on the outlet.
buckling pin: the load-carrying element of a buckling pin
device.
buckling pressure: the value of inlet static pressure at
which a buckling pin device functions.
burst pressure: the value of inlet static pressure at which a
rupture disk device functions.
cap: a component used to restrict access and protect the
adjustment screw ina reclosingpressure relief device. The
cap may or may not be a pressure-containing part.
capacity test pressure: see flow-rating pressure
Certificate of Authorization: a document issued by the
Society that authorizes the use of the ASME Certification
Mark and appropriate Designator for a specified time and
for a specified scope of activity.
Certificate of Compliance: a document that states that the
material represented has been manufactured, sampled,
tested, and inspected inaccordancewith the requirements
of the material specification (including year of issue) and
any other requirements specified in the purchase order or
contract shown on the certificate, and has been found to
meet such requirements. Thisdocumentmaybecombined
with a Material Test Report as a single document.
Certification Designator (Designator): the symbol used in
conjunction with the Certification Mark for the scope of
activity described in a Manufacturer’s Certificate of
Authorization.
Certification Mark: an ASME symbol identifying a product
as meeting ASME BPVC requirements.
Certification Mark stamp: a metallic stamp issued by the
Society for use in impressing the Certification Mark.
certified flow resistance, KR: a dimensionless term that
expresses the number of velocity head lost due to flow
through a non-reclosing pressure relief device.
chatter: abnormal rapid reciprocating motion of the
movable parts of a pressure relief valve in which the
disk contacts the seat.
coefficient of discharge: the ratio of themeasured relieving
capacity to the theoretical relieving capacity.
coincident pressure and temperature: combination of
concurrent pressure and temperature that is coincident
with a specific operating, design, or relieving condition
cold differential test pressure: the inlet static pressure at
whichapressure relief valve is adjusted toopenon the test
stand. This test pressure includes corrections for service

conditions of superimposed back pressure or tempera-
ture, or both.
combination device: one non-reclosing pressure relief
device in series with one pressure relief valve.
compressibility factor: the ratio of the specific volume of a
given fluid at a particular temperature and pressure to the
specific volume of that fluid as calculated by ideal gas laws
at that temperature and pressure.
constant backpressure: a superimposed backpressure that
is constant with time.
cracking pressure: see opening pressure.
curtain area: the area of the cylindrical or conical
discharge opening between the seating surfaces
created by the lift of the disk above the seat (see
Figure I-2-1).
design pressure: the pressure used in the design of a pres-
sure relief device or component together with the coin-
cident design metal temperature, for determining the
minimum permissible thickness or physical characteris-
tics of the device, different zones of the device, or device
components.
developed lift: theactual travel of thedisk fromclosedposi-
tion to the position reached when the valve is at flow-
rating pressure.
diaphragm: a flexible metallic, plastic, or elastomer pres-
sure-containing member of a reclosing pressure relief
device used to sense pressure or provide opening or
closing force.
discharge area: see below.
actual discharge area: the measured minimum cross-

sectional area thatdetermines the flow throughapressure
relief device.
effective discharge area: a nominal or computed area of

flow through a pressure relief device, differing from the
actual discharge area, for use in recognized flow formulas
to determine the capacity of a pressure relief device.
disk: amovable component of a pressure relief device that
contains the primary pressure when it rests against the
nozzle.
disk holder: a movable component of a pressure relief
device that contains the disk (definition does not apply
to rupture disks).
dome: the volume on the side of the unbalanced moving
member opposite the nozzle in themain relieving valve of
a pilot-operated pressure relief device.
effective seat area: a computed area for use in calculating
the set pressure of a given pressure relief valve when the
valve is tested using an auxiliary lift-assist device.
field test connection: a device for in-service or bench
testing of a pilot-operated pressure relief device to
measure the set pressure.
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field testing: testing of a pressure relief device installed on
a system to determine some or all of its operating char-
acteristics. Field testing may be accomplished by either of
the following methods:
in-place testing: testing of a pressure relief device

installed on but not protecting a system, using an external
pressure source, with orwithout an auxiliary lift device to
determine some or all of its operating characteristics.
in-service testing: testing of a pressure relief device

installed on and protecting a system, using system pres-
sure or an external pressure source, with or without an
auxiliary lift device to determine some or all of its oper-
ating characteristics.
first steady stream: the value of increasing static inlet pres-
sure of a pressure relief valve at which liquid discharge
flow is continuous and separates from the valve outlet
flange or pipe nipple at approximately a 90-deg angle
to the outlet centerline.
flow resistance: see certified flow resistance.
flow capacity: the relieving capacity of a pressure relief
device measured at the flow-rating pressure, expressed
in gravimetric or volumetric units.
flow capacity testing: testing of a pressure relief device to
determine its operating characteristics, including
measured relieving capacity.
flowpath: the three-dimensional andgeometric character-
istics of a device that affects the measured relieving ca-
pacity. The flow path is defined from the cross section of
the inlet to the cross section of the outlet, including all
streamlines in the flow.
flow-rating pressure: the inlet stagnation pressure at
which the relieving capacity of a pressure relief device
is measured.
flutter: abnormal, rapid reciprocating motion of the
movable parts of a pressure relief valve in which the
disk does not contact the seat.
full-area stop valve: a valve in which the flow area of the
valve is equal to or greater than the inlet flow area of the
pressure relief device
fusible plug device: a device designed to function by the
yielding ormelting of a plug, at a predetermined tempera-
ture, that supports a pressure-containing member or
contains pressure by itself.
gag: a device used on reclosing pressure relief devices to
prevent the device from opening.
gas: a fluid that undergoes a significant change in density
as it flows through the pressure relief device.
guide: a component in a direct spring- or pilot-operated
pressure relief device used to control the lateral move-
ment of the disk or disk holder.

huddlingchamber: theannularpressure chamberbetween
the nozzle exit and the disk or disk holder that produces
the lifting force to obtain a pop action.
initial audible discharge pressure: the value of increasing
static inlet pressure of a pressure relief valve at which the
discharge becomes continuous by hearing with the naked
ear as specified by the Manufacturer.
inlet area: the cross-sectional flow area at the inlet
opening of a pressure relief device.
inlet size: the nominal pipe size of the inlet of a pressure
relief device, unless otherwise designated.
knife blade: a component with multiple blades used with
reverse-acting rupture disks to cut the disk when it
reverses.
leak test pressure: the specified inlet static pressure at
which a quantitative seat leakage test is performed in
accordance with a standard procedure.
lift: the actual travel of the disk from closed position to the
position reached when the valve is relieving.
lifting device: a device to apply an external force to the
stem spindle of a pressure relief valve to manually
operate the valve at somepressurebelow the set pressure.
Also called lifting lever.
liquid: a fluid that does not undergo a significant change in
density through the pressure relief device.
lot of rupture disks: those disks manufactured of the same
material, at the same time, and of the same size, thickness,
type, heat, and manufacturing process, including heat
treatment.
main valve: that part of a pilot-operated pressure relief
device through which the rated flow occurs during relief.
Manufacturer: an organization that holds an ASME Certi-
ficate of Authorization to apply the CertificationMark and
is responsible for design, material selection, capacity or
flow resistance certification, manufacture of component
parts, assembly, adjustment, testing, sealing, and shipping
of pressure relief devices certified under this Section.
manufacturing design range: a range of pressure within
which the marked burst pressure must fall to be accept-
able for a particular requirement as agreed upon between
the rupture disk Manufacturer and the user or the user’s
designated agent.
Manufacturer’s standard rupture disk holder: the structure
that encloses and clamps the rupture disk into position
and includes at least one proprietary high-pressure
tube-fitting connection.
marked breaking pressure: the value of pressure marked
on a breaking pin or shear pin device or its nameplate.
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marked burst pressure: the value of pressure marked on
the rupturediskdeviceor itsnameplate oron the tagof the
rupture disk, indicating the burst pressure at the coinci-
dent disk temperature.
marked relieving capacity: see rated relieving capacity.
marked set pressure: the value of pressure marked on the
pressure relief device or its nameplate, indicating the
nominal pressure at which the device opens.
material: any substance or product form covered by a
specification in Section II, Part A, B, or C. Also, any
other substanceorproduct formpermitted foruse inpres-
sure relief device construction by this Section.
material manufacturer: the organization that is respon-
sible for the production of products meeting the require-
ments of the material specification, and that accepts the
responsibility for any statements or data in any required
Certificate of Compliance or Material Test Report repre-
senting the material.
Material Test Report: a document in which the results of
tests, examinations, repairs, or treatments requiredby the
material specification to be reported are recorded,
including those of any supplementary requirements or
other requirements stated in the order for the material.
This document may be combined with a Certificate of
Compliance as a single document.Whenpreparing aMate-
rial Test Report, a material manufacturer may transcribe
data produced by other organizations, provided themate-
rial manufacturer accepts responsibility for the accuracy
and authenticity of the data.
measured relieving capacity: see flow capacity.
minimum net flow area: the calculated net area after a
complete activation of the rupture disk or pin device
with appropriate al lowance for any structural
members that may reduce the net flow area through
the device.
normaloperating condition:a sustainedorexpectedcondi-
tion that is a stablemode of operation of the equipment or
system being protected.
nozzle: a primary pressure-containing component in a
pressure relief valve that forms a part or all of the
inlet flow passage.
opening pressure: the value of increasing inlet static pres-
sure of a pressure relief valve at which there is a measur-
able lift or at which the discharge becomes continuous as
determined by seeing, feeling, or hearing.
operating pressure: thenormal or expectedpressureof the
fluid in the system or vessel during operation.
operating temperature: the normal or expected tempera-
ture of the fluid in the system or vessel during operation.
Also called working temperature.
orifice area: see effective discharge area.

outlet size: the nominal pipe size of the outlet of a pressure
relief device, unless otherwise designated.
overpressure:apressure increaseover thesetpressureof a
pressure relief device, usually expressed as a percentage
of set pressure.
pilot: the pressure- or vacuum-sensing component of a
pilot-operated pressure relief valve that controls the
opening and closing of the main valve.
pin temperature: the specified temperature of the pin
when an emergency condition exists and the pin is
expected to actuate.
piston: the moving element in the main valve of a pilot-
operated, piston-type pressure relief valve that contains
the seat that forms the primary pressure containment
zone when the piston is in contact with the nozzle.
popping pressure: the value of increasing inlet static pres-
sure at which the disk moves in the opening direction at a
faster rate as compared with correspondingmovement at
higher or lower pressures.
pressure-containingmember: a component that is exposed
to and contains pressure.
pressure relief device: a general term for a device designed
to prevent pressure or vacuum from exceeding a prede-
termined value by the transfer of fluid during emergency
or abnormal conditions.
reclosing pressure relief device: a pressure relief device

designed to actuate and reclose after operating.
pressure relief valve: a pressure relief device designed

to actuate on inlet static pressure and reclose after normal
conditions have been restored. It may be one of the
following types and have one or more of the following
design features:

balanced direct spring-loaded pressure relief valve:
a direct spring-loaded pressure relief valve that incorpo-
ratesmeans (e.g., balancingbellows, piston, diaphragm)of
minimizing the effect of back pressure on the operational
characteristics (openingpressure, reseatingpressure, and
relieving capacity).

conventional direct spring-loaded pressure relief
valve: a direct spring-loaded pressure relief valve
whose operational characteristics are directly affected
by changes in the back pressure.

diaphragm-type direct spring-loaded pressure relief
valve:adirect spring-loadedpressure relief valve thatuses
a diaphragm to boost the lifting forces on the disk and/or
isolate the bonnet area from service fluids.

direct spring-loaded pressure relief valve: a pres-
sure relief valve inwhich thedisk isheldclosedbyaspring.

full-bore pressure relief valve: a pressure relief
valve in which the bore area is equal to the flow area
at the inlet to the valve, and there are no protrusions
in the bore.

full-lift pressure relief valve: a pressure relief valve
in which the actual discharge area is the bore area.
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internal spring pressure relief valve: a direct spring-
loadedpressure relief valvewhose spring andall or part of
the operating mechanism is exposed to the system pres-
sure when the valve is in the closed position.

low-lift pressure relief valve: a pressure relief valve
in which the actual discharge area is the curtain area.

pilot-operated pressure relief valve: a pressure
relief valve inwhich thedisk is held closedby systempres-
sure, and theholdingpressure is controlledbyapilot valve
actuated by system pressure.

power-actuated pressure relief valve: a pressure
relief valve actuated by an externally powered control
device.

reduced-bore pressure relief valve: a pressure relief
valve inwhich the flowpathareabelowtheseat is less than
the flow area at the inlet to the valve.

relief valve: 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.

restricted-lift pressure relief valve: a full-lift pres-
sure relief valve whose lift is restricted such that the ca-
pacity is reduced proportionally to the ratio of restricted
lift to full lift.

safety relief valve: a pressure relief valve character-
ized by rapid opening (popping) or by gradual opening
that is generally proportional to the increase in pressure.
It can be used for compressible or incompressible fluids.

safety valve: a pressure relief valve characterized
by rapid opening (popping) and normally used to relieve
compressible fluids

temperature and pressure relief valve: a pressure
relief valve that may be actuated by pressure at the
valve inlet or by temperature at the valve inlet.
non-reclosing pressure relief device: a pressure relief

device designed to actuate and remain open after opera-
tion. A manual resetting means may be provided. A non-
reclosing device may be one of the following types and
have one or more of the following design features:

breaking pin device: a device designed to function by
the breakage of a load-carrying section of a pin that
supports a pressure-containing member.

buckling pin device: a device designed to function by
the buckling of an axially loaded compressive pin that
supports a pressure-containing member.

bursting disk device: see rupture disk device.
direct spring-loadeddevice:adeviceactuatedby static

differential pressure or static inlet pressure in which the
disk is held closed by a spring. Upon actuation, the disk is
held open by a latching mechanism.

frangible disk device: see rupture disk device.
full-bore device: a device in which the flow path area

below the seat is equal to the flow path area of the inlet to
the device.

full-lift device: a device in which the actual discharge
area is independent of the lift of the disk.

low-lift device: a device in which the actual discharge
area is dependent on the lift of the disk.

pin device: a device actuated by static differential
pressure or static inlet pressure and designed to function
by the activation of a load-bearing section of a pin that
supports a pressure-containing member. A pin is the
load-bearing element of a pin device. A pin device
housing is the structure that encloses the pressure-
containing members.

pilot-operated device: a device in which the disk is
held closed by system pressure and the holding pressure
is controlled by a pilot actuated by system pressure. The
pilotmay consist of one of the non-reclosing relief devices
listed in this section.

reduced-bore device: a device in which the flow path
area below the seat is less than the flow path area of the
inlet to the device.

rupture disk device: a device containing a disk that
ruptures when the static differential pressure between
the upstream and downstream side of the disk reaches
a predetermined value. A rupture disk device includes
a rupture disk, a rupture disk holder (as applicable),
and all other components that are required for the
device to function in the prescribed manner.

shear pin device: a device designed to function by the
shearing of a load-carrying member that supports a pres-
sure-containing member.

spring-actuated device: a device that is opened or
assisted in opening by a spring.
pressure relief system: the fluid flowpath and its associated
equipment for relieving excessive pressure from the pres-
surized equipment to final point of discharge. The asso-
ciated equipment typically includes one ormore pressure
relief devices, piping, and piping components, and may
include a muffler, liquid separator, scrubber, thermal
oxidizer, flare, and/or other equipment necessary to
safely discharge the effluent.
pressure-retaining member: a component that holds pres-
sure-containing members together but is not exposed to
the pressure.
pressurized equipment: equipment designed to operate
with internal pressure that is above and/or below atmo-
spheric pressure, such as, but not limited to, vessels,
boilers, tanks, and piping.
primary pressure: the pressure at the inlet in a pressure
relief device.
rated lift: the design lift at which a valve attains its rated
relieving capacity.
ratedpressure: thepressureatwhichanon-reclosingpres-
sure relief device operates to allowrelief of pressure at the
specified temperature.
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rated relieving capacity: that portion of the measured
relieving capacity permitted by the applicable code or
regulation to be used as a basis for the application of a
pressure relief device.
reference conditions: those conditions of a test medium
that are specified by either an applicable standard or
an agreement between the parties to the test, which
may be used for uniform reporting of measured flow
test results.
referencing Code or Standard: the code or standard that
adopts requirements of Section XIII by reference.
relieving conditions: the inletpressureand temperatureon
a pressure relief device during an overpressure condition.
The relieving pressure is equal to the valve set pressure or
burst (or the rupture disk burst pressure) plus the over-
pressure. (The temperature of the flowing fluid at
relieving conditionsmaybehigher or lower than the oper-
ating temperature.)
relieving pressure: set pressure plus overpressure.
resealingpressure: thevalueofdecreasing inlet static pres-
sureatwhichno further leakage isdetectedafter closingof
the pressure relief valve.
reseating pressure: the value of decreasing inlet static
pressure at which the valve disk reestablishes contact
with the seat or at which lift becomes zero.
rupture disk: the pressure-containing element in a rupture
diskdevice that is designed toburst at its ratedpressure at
a specified temperature.
rupture disk holder: the structure that clamps a rupture
disk in position.
seat: the pressure-sealing surfaces of the fixed andmoving
pressure-containing components.
seat angle: the angle between the axis of a valve and the
seating surface. A flat-seated valve has a seat angle of 90
deg (see Figure I-2-1).
seat diameter: the smallest diameter of contact between
the fixed and moving portions of the pressure-containing
elements of a valve.
secondary pressure: the pressure existing in the passage
between the actual discharge area and the device outlet in
a pressure relief device.
set pressure: the value of increasing (or decreasing) inlet
static pressure at which a pressure relief device displays
one of the operational characteristics as defined by
40-cc pressure, breaking pressure, bubble pressure, buck-
ling pressure, burst pressure, first-steady stream, initial
audible dischargepressure,openingpressure,poppingpres-
sure, or start-to-leak pressure.
shear pin: the load-carrying element of a shear pin device.

shell: an assembly of pressure-containing members that
isolate primary or secondary pressure from atmosphere.
Examples of thesemembers include, but arenot limited to,
the body, nozzle, bonnet, and cap for a direct spring-
loaded pressure relief valve using a pressurized
bonnet; the nozzle and disk for a direct spring-loaded
pressure relief valve using a yoke or open bonnet; and
the body and cap of the main valve and the body of
the pilot for a pilot-operated pressure relief valve.
simmer: the audible or visible escape of fluid between the
seat and disk at an inlet static pressure below the popping
pressure and at no measurable capacity. Can also be a
warning that the pressure relief device is about to
relieve. Simmer applies to safety or safety relief valves
on compressible fluid service.
specified burst pressure: the value of increasing inlet static
pressure, at a specified temperature, at which a rupture
disk is designed to function.
specified disk temperature: the specified temperature of
the disk at which the disk is expected to burst.
spindle: a part whose axial orientation is parallel to the
travel of the disk. A spindle may be used in one or
more of the following functions: assist in alignment,
guide disk travel, or transfer internal or external forces.
spring: the element in a pressure relief valve that provides
the force to keep the disk on the nozzle.
spring button: see spring step.
spring step: a load-transferring component in a pressure
relief valve that supports the spring.
spring washer: see spring step.
start-to-discharge pressure: see opening pressure.
start-to-leak pressure: the value of increasing inlet static
pressure at which the first bubble occurs when a pressure
relief valve is tested by means of air under a specified
water seal on the outlet.
theoretical relieving capacity: the computed capacity
expressed in gravimetric or volumetric units of a theore-
tically perfect nozzle having a minimum cross-sectional
flow area equal to the actual discharge area of a pressure
relief valve or net flow area of a non-reclosing pressure
relief device.
two-phase: term used to describe a fluid that contains a
combination of both liquid and gas phases in a single flow
stream.
user: the organization that purchases the finished equip-
ment for its own use or as an agent for the owner. The
user’s designated agent may be either a design agency
specifically engaged by the user, the Manufacturer of a
system for a specific service that includes a pressure
relief device as a part and that is purchased by the
user, or an organization that offers the equipment for
sale or lease for specific services.
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vacuum support: a component of a rupture disk to prevent
flexing due to upstream vacuum or downstream back
pressure.
warn: see simmer.
yield temperature: the temperature at which the fusible
material of a fusible plug device becomes sufficiently
soft to extrude from its holder and relieve pressure.
Also called melt temperature.

yoke: a pressure-retaining component in a pressure relief
device that supports the spring in apressure relief valveor
pin in a non-reclosing device but does not enclose them
from the surrounding ambient environment.
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MANDATORY APPENDIX II
ADHESIVE ATTACHMENT OF NAMEPLATES ð25Þð25Þ

II-1 SCOPE

This Appendix covers minimum requirements for the
use of adhesive systems for the attachment of nameplates.
The use of adhesive-backed nameplates shall
(a) be limited to pressure‐sensitive acrylic adhesives

that havebeenpreapplied by the nameplatemanufacturer
to a nominal thickness of at least 0.13 mm (0.005 in.) and
that are protected with a moisture-stable liner
(b) be used on pressure relief devices with design

temperatures within the range of −40°C to 150°C
(−40°F to 300°F)
(c) be applied to clean, bare metal surfaces, with atten-

tion being given to removal of antiweld spatter compound
that may contain silicone
(d) have been prequalified as outlined in II-2
(e) be used within 2 yr of its initial application on the

nameplate

II-2 NAMEPLATE APPLICATION PROCEDURE
QUALIFICATION

(a) The Manufacturer’s quality control system (see
Mandatory Appendix III) shall define that written proce-
dures, acceptable to the ASME Designated Organization,
for theapplicationof adhesive-backednameplates shall be
prepared and qualified.
(b) Each procedure for the attachment of nameplates

byuseof pressure-sensitive acrylic adhesive systems shall
be qualified for outdoor exposure in accordance with UL
969, and the following additional requirements:

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

(2) Nameplates shall haveanaverageadhesionofnot
less than 1.4 N·mm (8 lbf-in.) of width after all exposure
conditions, including low temperature.

(c) The application procedure qualification shall
include the following essential variables, based on the
adhesive and nameplate manufacturer’s recommenda-
tions, where applicable:

(1) description of the pressure-sensitive acrylic
adhesive system used, including generic composition.

(2) the qualified temperature range [the cold-box
test temperature shall be −40°C (−40°F) for all applica-
tions].

(3) materials of the nameplate and substrate when
the mean coefficient of expansion at the design tempera-
ture of one material is less than 85% of that for the other
material.

(4) finish of the nameplate and substrate surfaces.
(5) the nominal thickness and modulus of elasticity

at application temperature of the nameplate when name-
platepreforming isused.Achangeofmore than25%in the
value of N will require requalification:

= ×N t M2

where
M = nameplate modulus of elasticity at application

temperature, N·m2 (psi)
N = force, N (lbf)
t = nameplate nominal thickness, mm (in.)

(6) the qualified range of preformed nameplate and
companion substrate contour combinations when
preforming is used.

(7) cleaning requirements for the substrate.
(8) application temperature range and application

pressure technique.
(9) application steps and safeguards.

(d) Any change to the variables in (c) shall require re-
qualification.
(e) Each lot orpackageofnameplates shall be identified

with the adhesive application date.
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MANDATORY APPENDIX III
QUALITY CONTROL SYSTEM

III-1 GENERAL

(a) The Manufacturer or Assembler shall have and
maintain a quality control system that will establish
that all ASME BPVC requirements, including those for
material, design, manufacture, and examination (by the
Manufacturer or Assembler), and inspection (by the
ASME Designee) of relief devices, will be met. The
quality control system shall include duties of a Certified
Individual (CI), as required by this Section. The CI author-
ized to provide oversight may also serve as the Certificate
Holder’s authorized representative responsible for
signing Certificates of Conformance. Provided that
ASME BPVC requirements are suitably identified, the
systemmay include provisions for satisfying any require-
ments of theManufacturer, Assembler, or user that exceed
minimum ASME BPVC requirements, and may include
provisions for quality control of non‐Code work. In
such systems, the Manufacturer or Assembler may
make changes in parts of the system that do not affect
the ASME BPVC requirements without securing accep-
tance by theASMEDesignee. Before implementation, revi-
sions to quality control systems of Manufacturers and
Assemblers of pressure relief devices shall have been
found acceptable by an ASME Designee if such revisions
affect ASME BPVC requirements.
(b) The system that the Manufacturer or Assembler

uses to meet the requirements of this Section must be
one suitable for their own circumstances. The necessary
scope and detail of the system shall depend on the
complexity of the work performed and on the size and
complexity of the Manufacturer’s or Assembler’s organi-
zation.
(c) A written description of the system the Manufac-

turer or Assembler will use to produce an ASME BPVC
item shall be available for review. Depending upon the
circumstances, the description may be brief or volumi-
nous.
(d) Thewritten descriptionmay contain information of

proprietary nature relating to the Manufacturer’s or
Assembler’s processes. Therefore, the ASME BPVC does
not require any distribution of this information except
to the ASME Designee. It is intended that information
learned about the system in connection with evaluation
will be treated as confidential and that all loaned descrip-
tions will be returned to the Manufacturer or Assembler
upon completion of the evaluation.

III-2 OUTLINE OF FEATURES INCLUDED IN THE
QUALITY CONTROL SYSTEM

Paragraphs III-2.1 through III-2.14 provide guidance on
some of the features that should be covered in the written
description of the quality control system; the information
is equally applicable to both shop and field work.

III-2.1 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, and the
authority and organizational freedom to identify
quality control problems and to initiate, recommend,
and provide solutions.

III-2.2 Organization

An organization chart showing the relationship
between management and engineering, purchasing,
manufacturing, inspection, and quality control is required
to reflect the actual organization. Thepurposeof this chart
is to identify and associate the various organizational
groups with the particular function for which they are
responsible. The ASME BPVC does not intend to encroach
on the Manufacturer’s or Assembler’s right to establish,
and from time to time to alter, whatever form of organiza-
tion the Manufacturer or Assembler considers appro-
priate for its ASME BPVC work.

III-2.3 Drawings, Design Calculations, and
Specifications Control

The Manufacturer’s or Assembler’s quality control
system shall provide procedures that will ensure that
the latest applicable drawings, design calculations, speci-
fications, and instructions required by the ASME BPVC, as
well as authorized changes, are used for manufacture,
assembly, examination, inspection, and testing.

III-2.4 Material Control
TheManufacturerorAssemblershall includeasystemof

receivingcontrolthatwillensurethatthematerialreceived
is properly identified and has documentation, including
required material certifications or material test reports,
to satisfy ASME BPVC requirements as ordered. The
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systemmaterialcontrol shallensurethatonly the intended
material is used in ASME BPVC construction.

III-2.5 Examination and Inspection Program

The Manufacturer’s or Assembler’s quality control
system shall describe the manufacture, assembly, and
inspection operations, including examinations and the
stages at which specific inspections are to be performed.

III-2.6 Correction of Nonconformities

There shall be a system for correction of nonconformi-
ties. A nonconformity is any condition that does not
comply with the applicable rules of this Section. Noncon-
formities must be corrected or eliminated in some way
before the completed pressure relief device can be consid-
ered to comply with this Section.

III-2.7 Welding

The quality control system shall include provisions for
indicating that welding conforms to requirements of
Section IX as supplemented by this Section.

III-2.8 Nondestructive Examination

The quality control system shall include provisions for
identifying nondestructive examination (NDE) proce-
dures the Manufacturer will apply to conform with re-
quirements of this Section. Section V, Article 1 shall be
applied for the qualification of NDE procedures and for
the certification of NDE personnel unless otherwise speci-
fied in this Section.

III-2.9 Heat Treatment

The quality control system shall provide controls to
ensure that heat treatments as required by the rules of
this Section are applied. It shall indicate the means by
which the Inspector for the ASME Designated Organiza-
tion may verify that these requirements have been met.
This may be by review of heat treatment time–tempera-
ture records or by other methods, as appropriate.

III-2.10 Calibration of Measurement and Test
Equipment

The Manufacturer or Assembler shall have a system for
the calibration of examination, measuring, and testing
equipment used in fulfillment of requirements of this
Section.

III-2.11 Records Retention

The Manufacturer or Assembler shall have a system for
the maintenance of Certificates of Conformance and
records as required by this Section.
(a) The Manufacturer or Assembler shall maintain the

following documents for a period of at least 3 yr:
(1) manufacturing drawings

(2) design calculations including any applicable
Proof Test Reports

(3) Material Test Reports and/or Material Certifica-
tions

(4) WeldingProcedure Specifications andProcedure
Qualification Records

(5) Welding or Welding Operator Performance
Qualification Records

(6) nondestructive examination reports
(7) heat treatment records and test results
(8) postweld heat treatment records
(9) nonconformance and disposition records
(10) transfer form, if applicable

(b) The Manufacturer or Assembler shall maintain the
Manufacturer’s Certificate of Conformance for a period of
at least 5 yr.

III-2.12 Sample Forms

The forms used in the quality control system and any
detailed procedures for their use shall be available for
review. The written description shall make necessary
references to these forms.

III-2.13 Inspection of Pressure Relief Devices

(a) Inspection of manufacturing or assembly of pres-
sure relief devices shall be by a representative of an ASME
Designated Organization, as described in this Section.
(b) The written description of the quality control

system shall include reference to the CI and ASME
Designee.
(c) The Manufacturer or Assembler shall make avail-

able to the ASME Designee, at the Manufacturer’s or
Assembler’s plant, a current copy of the written descrip-
tion of the applicable quality control system.
(d) The Manufacturer’s or Assembler’s quality control

systemshall provide for theASMEDesignee tohave access
to all drawings, calculations, specifications, procedures,
process sheets, repair procedures, records, test results,
and any other documents as necessary for the Designee
to perform the Designee’s duties in accordance with this
Section.TheManufacturerorAssemblermayprovidesuch
access either bymaking their own files of such documents
available to the ASME Designee or by providing copies.

III-2.14 Certifications

(a) The Certificate of Compliance and theMaterial Test
Report may be combined as a single document. The
preparing organization accepts responsibility for the
accuracy and authenticity of the data.
(b) Methods other than written signature may be used

for indicating certifications, authorizations, and approval
where allowed and as described elsewhere in this Section.
If such alternative methods are used, controls and safe-
guards shall be provided and described to ensure the
integrity of the certification, authorization, and approval.
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MANDATORY APPENDIX IV
CAPACITY CONVERSION

IV-1ð25Þ INTRODUCTION

(a) The capacity of a pressure relief device in terms of a
gas or vapor other than the medium for which the device
was officially rated shall be determined by application of
the equations given in IV-2(a) and IV-2(b).
(b) If the actual discharge area of the pressure relief

device, A, and the coefficient of discharge, K, are not
known, the official rated capacity of the pressure relief
device, which is marked on the device, can be used to
determine the overall value of KA, as follows:
Official Rating in Steam

=KA
W

C P
s

N

Official Rating in Air

=KA
W
CP

T
M

a

where
A = actual discharge area through the device at

developed lift, mm2 (in.2)
C = constant for gas or vapor,which is function of the

ra t io o f spec i f i c heats , k = cp/c v [ see
Figure IV-1-1M (Figure IV-1-1)]

CN = Napier constant
x = 5.25 for SI calculations
x = 51.5 for U.S. Customary calculations
K = coefficient of discharge (see 9.7.6)
M = molecular weight (see Table IV-3-1)
P = (set pressure × 1.10) + atmospheric pressure,

MPaabs (psia)
T = absolute gas temperature at the inlet, K (°R)

K = °C + 273
°R = °F + 460

Wa = rated capacity at inlet temperature, converted to
kg/h of air at 20°C (lbm/hr of air at 60°F)

Ws = rated capacity, kg/h (lbm/hr) of steam

This value for KA is then substituted into the equations
given in IV-2(a) and IV-2(b) to determine the capacity of
the pressure relief device in terms of the newgas or vapor.

IV-2 ð25ÞEQUATIONS FOR DETERMINING CAPACITY

For all equations, nomenclature is as defined in IV-1(b)
and as noted below.
(a) For steam

=W C KAPs N

where
CN = 5.25 for SI calculations
x = 51.5 for U.S. Customary calculations

(b) The following equations are for low-pressure gases
and vapors (gases or vapors at pressures less than two-
thirds of their critical pressure):

(1) For air

=W CKAP
M
Ta

where
C = 27.03 for SI calculations
x = 356 for U.S. Customary calculations
M = 28.97 (see Table IV-3-1)
T = 293K for SI calculations whenWa is the rated ca-

pacity
x = 520°R for U.S. Customary calculations whenWa is

the rated capacity

(2) For any gas or vapor with linear thermodynamic
properties through the device

=W CKAP
M

TZ

where
W = flow of any gas or vapor, kg/h (lbm/hr)
Z = compressibility factor

(c) The equation in (b)(2) may also be used when the
required flow of any gas or vapor is known and it is nec-
essary to compute the rated capacity of steam or air.
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Figure IV-1-1M
ð25ÞConstant, C, for Gas or Vapor Related to Ratio of Specific Heats (k = cp/cv)
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Figure IV-1-1
ð25ÞConstant, C, for Gas or Vapor Related to Ratio of Specific Heats (k = cp/cv)
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(d) Forhydrocarbonvapors,where theactual valueofk
is not known, the conservative value k = 1.00 has been
commonly used and the equation becomes

=W CKAP
M
T

where
C = 24 for SI calculations
x = 315 for U.S. Customary calculations

(e) For gas pressure service above the pressure limits
given in IV-1, and for liquid service, additional considera-
tion shall be given to the fact that the actual flow capacity
of a given pressure relief device may be influenced by any
of the following:

(1) fluid conditions close to or above the critical
point

(2) liquid flashing to vapor and other phase changes
that may occur and cause a two‐phase or multiphase flow
regime in the device

(3) conditions in which decomposition reactions
occur and the chemical composition of the resulting
fluid cannot be definitively established

The user or the user‘s designated agent shall be
responsible for establishing a procedure for sizing
and/or flow capacity conversion based on the pressure
relief device geometry, aswell as the change in fluid condi-
tions and fluid properties during flow through the device
and all associated piping. This procedure shall address the
effects of phase changes at particular points in the device,
as appropriate. If necessary, sizing may be determined on
anempirical basis byactual capacity testswith theprocess
inquestionat expected relieving conditions. Theuser shall
be responsible for providing or approving the assump-
tions and calculations used in all flow capacity conver-
sions.
(f) The saturated water capacity of a pressure relief

device currently rated under Part 9 can be determined
from Figure IV-2-1M (Figure IV-2-1), as described in
(1) and (2) below. However, since the saturated water
capacity is configuration sensitive, the following
method applies only to those pressure relief devices
that have a nozzle-type construction (bore-to-inlet-
diameter ratio of 0.25 to 0.80 with a continuously
contoured change) and that have exhibited a coefficient
KD in excess of 0.90. No saturated water rating shall apply
to other types of construction. The method is as follows:

(1) Enter thegraph inFigure IV-2-1M(Figure IV-2-1)
at the set pressure of the device.

(2) Move vertically upward to the saturated water
line, and read horizontally to determine the relieving ca-
pacity. This capacity is the theoretical, isentropic value

arrived at by assuming equilibrium flow and calculated
values for the critical pressure ratio.
NOTE: The Manufacturer, user, and Inspector are all cautioned
that for the rating determined as described in (1) and (2) to
apply, the device shall be continuously subjected to saturated
water. If after initial relief the flow fluid changes to quality
steam, the device shall be rated as per dry saturated steam.
Devices installed on vessels or lines containing steam–water
mixture shall be rated on dry saturated steam.

IV-3 CAPACITY CONVERSION EXAMPLES

Table IV-3-1 lists the molecular weights for common
gases and vapors, which are used in the examples.

IV-3.1 EXAMPLE 1

GIVEN: A pressure relief device bears a certified capac-
ity rating of 1 370 kg/h (3,020 lbm/hr) of steam for a
pressure setting of 1.40 MPa (200 psi).
PROBLEM: What is the relieving capacity of that device

in terms of air at 40°C (100°F) for the same pressure
setting?
SOLUTION:
(a) For steam

=W C KAPs N

(SI Units)
=W KAP5.25s

= KAP1 370 5.25

= =KAP 1 370
5.25

261

(U.S. Customary Units)
=W KAP51.5s

= KAP3,020 51.5

= =KAP 3,020
51.5

58.5

(b) For air

=W CKAP
M
Ta

(SI Units)

=

=

=

+
W KAP27.03

(27.03)(261)

2 146 kg/h

a
28.97

40 273
28.97
313
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(U.S. Customary Units)

=

=

=

+
W KAP356

(356)(58.5)

4,750 lbm/hr

a
28.97

100 460
28.97
560

IV-3.2 EXAMPLE 2

GIVEN: It is required to relieve 2,270 kg/h (5,000
lbm/hr) of propane fromapressure vessel throughapres-
sure relief device set to relieve at a pressure ofPs [inmega-
pascals (pounds force per square inch)] and with an inlet
temperature at 50°C (125°F).
PROBLEM: What total capacity in kilograms (pounds

mass) of steam per hour must the pressure relief
device be capable of providing?
SOLUTION:
(a) For propane

=W CKAP
M
T

The value of C is not definitely known. Use the conser-
vative value: C = 24 for SI units (315 for U.S. Customary
units).

(SI Units)

=
+

KAP2 270 24
44.09

50 273

=KAP 256.0

Figure IV-2-1M
Flow Capacity Curve for Rating

Nozzle-Type Pressure Relief Devices on Saturated Water
(Based on 10% Overpressure)
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Figure IV-2-1
Flow Capacity Curve for Rating

Nozzle-Type Pressure Relief Devices on Saturated Water
(Based on 10% Overpressure)

Table IV-3-1
Molecular Weights of Gases and Vapors

Gas or Vapor
Molecular
Weight

Air 28.97
Acetylene 26.04
Ammonia 17.03
Butane 58.12
Carbon dioxide 44.01
Chlorine 70.91
Ethane 30.07
Ethylene 28.05
Freon 11 137.371
Freon 12 120.9
Freon 22 86.48

Gas or Vapor
Molecular
Weight

Freon 114 170.90
Hydrogen 2.02
Hydrogen
sulfide

34.08

Methane 16.04
Methyl chloride 50.48
Nitrogen 28.02
Oxygen 32.00
Propane 44.09
Sulfur dioxide 64.06

ASME BPVC.XIII-2025

69



(U.S. Customary Units)

=
+

KAP5,000 315
44.09

125 460

=KAP 57.7

(b) For steam

(SI Units)
= = ×
=

W KAP
P

5.25 5.25 256.0
1 344 kg/h set to relieve at , MPa

s
s

(U.S. Customary Units)
= = ×
=

W KAP
P

51.5 51.5 57.7
2,970 lbm/hr set to relieve at , psi

s
s

IV-3.3 EXAMPLE 3

GIVEN: It is required to relieve 450kg/h (1,000 lbm/hr)
of ammonia from a pressure vessel at 65°C (150°F).
PROBLEM: What is the required total capacity in kilo-

grams (poundsmass) of steam per hour at the same pres-
sure setting?
SOLUTION:
(a) For ammonia

=W CKAP
M
T

The Manufacturer and the user agree to use k = 1.33;
interpolated from Figure IV-1-1M (Figure IV-1-1), C =
26.56 for SI units (350 for U.S. Customary units).

(SI Units)

=
+

KAP450 26.56
17.03

65 273

=KAP 75.48

(U.S. Customary Units)

=
+

KAP1,000 350
17.03

150 460

=KAP 17.10

(b) For steam

(SI Units)

= = ×
=

W KAP5.25 5.25 75.48
396 kg/h

s

(U.S. Customary Units)
= = ×
=

W KAP51.5 51.5 17.10
880 lbm/hr

s

IV-3.4 EXAMPLE 4

GIVEN: A pressure relief device bearing a certified
rating of 285 m3/min (10,000 ft3/min) of air at 20°C
(60°F) and 101.3 kPaabs (14.7 psia) (atmospheric pres-
sure). The weight of dry air at atmospheric pressure is
1.225 kg/m3 (0.0766 lbm/ft3).
PROBLEM: What is the flow capacity of this device in

kilograms (pounds mass) of saturated steam per hour for
the same pressure setting?
SOLUTION:
(a) For air
(1) Convert the certified rated capacity to kilograms

per hour (pounds mass per hour).

=
× ×

( )W rated capacity in m /min ft /min

weight of dry air at atmospheric pressure min/hr
a

3 3

(SI Units)

= × × =W 285 1.225 60 20 947 kg/ha

(U.S. Customary Units)
= × × =W 10,000 0.0766 60 45,960 lbm/hra

(2) Determine KAP.

(SI Units)

=
+

KAP20 947 27.03
28.97

20 273

=KAP 2 464

(U.S. Customary Units)

=
+

KAP45,960 356
28.97

60 460

=KAP 546

(b) For steam

(SI Units)

= = ×
=

W KAP5.25 5.25 2 464
12 939 kg/h

s
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(U.S. Customary Units)
= = ×
=

W KAP51.5 51.5 546
28,119 lbm/hr

s

NOTE:Before the capacity of apressure relief device is converted
from any gas to steam, the requirements of 9.7.1 must be met.

IV-4ð25Þ EQUATIONS FOR CONVERSION
(INCOMPRESSIBLE FLUIDS)

(a) General. The capacity of a pressure relief valve in
terms of a nonflashing liquid other than the fluid forwhich
the valve was officially rated shall be determined by the
following equation:

=W CKA P P( )t d

where
A = actual discharge area of valve, mm2 (in.2)
C = 5.092 for SI units
x = 2,407 for U.S. Customary units
K = coefficient of discharge
P = (set pressure × 1.10) + atmospheric pressure,

MPaabs (psia)
Pd = pressure at discharge from valve, MPaabs (psia)
Wt = rated capacity, kg/h (lb/hr) of any liquid
ρ = density of liquid at value inlet conditions, kg/m3

(lb/ft3)

The volumetric capacity of a pressure relief valve in
terms of a nonflashing liquid other than the fluid for
which the valve was officially rated may be determined
by the following equation:

=Q C KA
P P

G
( )

l l
d

where
A = actual discharge area through the device at devel-

oped lift, mm2 (in.2)
Cl = 2.685 for SI units

38 for U.S. Customary units
G = specific gravity of the fluid at device inlet condi-

tions relative to water at 20°C (70°F)
K = coefficient of discharge
P = absolute relieving pressure, MPa (psia)
Pd = absolute discharge pressure, MPa (psia)
Ql = liquid volumetric capacity, L/min (gpm)

Using the liquid rated capacity marked on the pressure
relief valve, it is possible to determine the overall value of
KA by rearranging the preceding equation when the value
of the individual terms is not known:

=KA
Q

C
G

P P( )
w

l

w

d

where
Gw = specific gravity ofwater at 20°C (70°F) relative to

water at 20°C (70°F)
x = 1

Qw = liquid volumetric rated capacity, L/min (gpm), of
water at 20°C (70°F)

(b) Example
GIVEN: A pressure relief valve bears a certified rating of

5678 L/min (1,500 gpm) water at 20°C (70°F) with a set
pressure of 0.827 MPag (120 psig).
PROBLEM:What is the the flowcapacity of this pressure

relief valve in liters (gallons) of kerosene (specific gravity
= 0.82) per minute at the same pressure rating?
SOLUTION:
(1) For water at 20°C (70°F)

(SI Units)

= =KA
5 678
2.685

1
(1.0111 0.1013)

2 217.2 mm2

(U.S. Customary Units)

= =KA
1,500

38
1

(146.7 14.7)
3.436 in.2

(2) For kerosene

(SI Units)

=

=

Q

Q

2.685(2 217.2)

6 270.3L/min

l

l

(1.0111 0.1013)
0.82

(U.S. Customary Units)

=

=

Q

Q

38(3.436)

1,656.4 gpm

l

l

(146.7 14.7)
0.82
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MANDATORY APPENDIX V
PERFORMANCE TESTING OF PRESSURE RELIEF

DEVICESð25Þ

ARTICLE V-I
GENERAL

V-1.1 OBJECT

Theobject of the test is to determine the performance of
pressure relief devices. These testsdetermineoneormore
of the following:
(a) dimensional, operational, and mechanical charac-

teristics
(b) relieving pressure
(c) relieving flow capacity at test pressure
(d) individual flow resistance
Procedures for conducting the tests, calculating the

results, and making corrections are defined.

V-1.2 SCOPE

(a) This Appendix provides instructions in Article V-2
for flow capacity testing and in Article V-3 for in-service
and bench testing. Testing of reclosing and non-reclosing
pressure relief devices is conducted under various inlet
and outlet conditions using steam, gases, and liquids for
which valid physical properties are known.
(b) The validity of tests shall be determined in accor-

dance with the requirements of V-1.3.

V-1.3 MEASUREMENT UNCERTAINTY

In order to qualify as a valid test in accordancewith this
Appendix, the total uncertainties of the test, as calculated
by the procedures of ASME PTC 19.1, shall be equal to or
less than the values of maximum acceptable uncertainty.
The maximum acceptable uncertainty of the final flow
measurement shall not exceed ±2.0% of the measured
value. For results other than flow measurements, the
maximum acceptable uncertainty shall not exceed
±0.5%of themeasured value as determined in accordance
with Article V-2 or ±1.0% of the measured value as deter-
mined in accordance with Article V-3.
An example calculation showing the various methods

used to establish meaningful estimates for the limits of
uncertainty of a final flow measurement is provided in
Nonmandatory Appendix D.

V-1.4 GENERAL

(a) It is assumed that the testing facility has adequate
capacity and sufficient pressure to conduct the tests.
However, the users of this Appendix are cautioned that
the capacity and pressure limitations of the testing facility
may restrict the determination of satisfactory operating
conditions and other operational features of the pressure
relief device.
(b) In addition, field installation or abnormal operating

conditions, or both, may adversely affect the function of
the pressure relief device. It is not the intent of this Appen-
dix to attempt to assess the suitability or reliability of the
pressurerelief deviceunder suchconditions. It shouldalso
benoted that if the temperatureof themediumused to test
the pressure relief device differs substantially from the
temperature to which the pressure relief device is
subjected while in service, the functional characteristics
will be different from the test pressures, i.e., opening,
closing, blowdown, and bursting pressure. In this case,
it is necessary to develop appropriate corrections for
the pressure relief device under test to account for
thesedifferences,which is outside the scopeof thisAppen-
dix.
(c) This Appendix provides recommended test proce-

dures and instrumentation for testing devices. Other test
proceduresor instrumentationmaybeusedprovided they
can be demonstrated as having accuracy and reliability at
least equal to therequirementsof thisAppendix. If another
procedure or instrumentation will be used, it is subject to
written agreement by the parties to the test prior to the
test.
(d) The test results shall be reported as measured and

calculated. Only tests that comply fully with the manda-
tory requirements of this Appendix may be designated as
tests conducted in accordance with this Appendix. Should
any specific direction in this Appendix, or any particular
measurement, differ from those given in other ASME
Performance Test Codes for similar measurements, the
instructions of this Appendix shall prevail.
(e) In some cases, the testing of pressure relief devices

may involve the use of high-pressure and high-tempera-
ture fluid. Hazards to personnel will exist unless adequate
precautionary measures are taken. Special consideration
should be given to adequate design and overpressure
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protection to the piping system and components, safe
discharge from the pressure relief devices undergoing
testing, and the high noise level usually associated
with the discharge of pressure relief devices. The users
of this Appendix should consult the authority having juris-
diction over these safety matters to ensure the testing
facility meets the mandatory requirements.

V-1.5 NOMENCLATURE

The following nomenclature is used in this Appendix.
The terms defined below shall take precedence should
there be any discrepancy with the referenced material.

a = minimum net flow area, in.2 (mm2)
ad = actual discharge area, in.2 (mm2)
am = meter-bore area, in.2 (m2)
C = valve-inlet temperature correction
x = discharge coefficient, dimensionless

Ctap = sonic velocity at pressure tap, ft/sec
(m/s)

C* = critical flow function
D = test rig inside diameter, ft (m)
x = internal diameter of meter run pipe, in.

(m)
d = meter-bore diameter, in. (m)
db = minimum holder bore diameter, in. (mm)
x = bore diameter, in. (mm)
do = diameter of orifice plate, in. (mm)
ds = seat diameter, in. (mm)
E = pipe roughness, in. (mm)
f = fanning friction factor, dimensionless

Fa = area factor for thermal expansion, dimen-
sionless

G = mass velocity, lbm/ft2-sec (kg/m2-s)
x = specific gravity with respect to dry air,

M/Ma
hw = differential pressure at the meter, in.

water (mm water)
K = flow coefficient

x
= c

1 4

k = ratio of specific heats
KA-B = resistance factor betweenpressure taps A

and B
KB-C = resistance factor betweenpressure taps B

and C
KB-D = resistance factor betweenpressure taps B

and D
KC-D = resistance factor between pressure taps C

and D
Ko = trial flow coefficient

Kpipe B-C = pipe resistance factor between pressure
taps B and C without the rupture disk
device

Kpipe B-D = pipe resistance factor between pressure
taps B and D without the rupture disk
device

KRi = individual flow resistance
Ktap = total resistance factor to pressure tap
L = ratio of location of pressure taps to D
l = valve-disk lift, in. (mm)

LA-B = length between taps A and B, ft (m)
LB-C = length between taps B and C, ft (m)
LB-D = length between taps B and D, ft (m)
LC-D = length between taps C and D, ft (m)
M = molecular weight of gas
m = mass flow rate, lbm/hr (kg/h)
Ma = molecular weight of air

Mtap = Mach number at pressure tap
Mw = molecular weight
M1 = Mach number at pipe entrance
NRe = Reynolds number
P = static pressure, psia (kPa)
PB = base pressure, psia (kPa)
Pb = barometric pressure, psia (kPa)
Pf = flow-rating pressure, psia (kPa)
Pm = static pressure at the meter calorimeter,

psia (kPa)
Po = back pressure, psig (kPag)
Ps = meter inlet stagnation pressure, psia

(kPa)
Pset = set pressure, psig (kPag)
PtapA = pressure at tap A, psia (kPa)
PtapB = pressure at tap B, psia (kPa)
PtapC = pressure at tap C, psia (kPa)
PtapD = pressure at tap D, psia (kPa)
P1 = pressure at pipe entrance, psia (kPa)
Q = relieving capacity of water at reference

condition, U.S. gallons per minute
(gpm) (L/min)

qb = volumetric rate at base condition at the
meter, cfm (m3/min)

qr = valve capacity at reference inlet tempera-
ture, cfm (m3/min)

R = gas constant, ft-lbf/lbm-°R (kPa/kgK)
x = 1,545.4/M (8.3143/M)

RD = Reynolds number referred to internal
diameter of meter run pipe, D

Rd = throat Reynolds number
Sg = specific gravity (ideal)
T = temperature, °R (K)
x = fluid temperature, °F (°C)
t = length of test, min

TB = base temperature, °F (°C)
Tb = base temperature, absolute, °R (K)
Tcal = fluid temperature at the calorimeter,

°F (°C)
Tcal, drum = fluid temperature at the test drum calori-

meter, °F (°C)
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Tcal, meter = fluid temperature at the meter calori-
meter, °F (°C)

Tm = fluid temperature at the meter, °F (°C)
x = temperature upstream of the meter,

°F (°C)
To = base temperature, °R (K)
Tr = reference temperature at the valve inlet,

absolute, °R (K)
Ts = meter inlet stagnation temperature, abso-

lute, °R (K)
Ttap = temperature at pressure tap, °R (K)
Tv = fluid temperature, °F (°C)
x = temperature at the valve inlet, absolute,

°R (K)
T1 = temperature at pipe entrance, °R (K)
v = specific volume, ft3/lbm (m3/kg)

Vact = specific volume at inlet conditions,
ft3/lbm (m3/kg)

Vact, drum = specific volume at inlet conditions,
ft3/lbm (m3/kg)

Vact, meter = specific volume at flowing conditions at
the meter, ft3/lbm (m3/kg)

Vref = specific volume at reference condition,
ft3/lbm (m3/kg)

Vref, drum = specific volume at reference condition,
ft3/lbm (m3/kg)

Vref, meter = specific volume at reference conditions at
the meter, ft3/lbm (m3/kg)

Vtap = specific volume at pressure tap, ft3/lbm
(m3/kg)

W = measured relieving capacity, lbm/sec
(kg/s)

w = mass of water or condensate, lbm (kg)
Wc = measured relieving capacity adjusted to

the reference condition, lbm/hr (kg/h)
Wcal, drum = test-drum calorimeter flow adjusted to

the reference condition, lbm/hr (kg/h)
Wcal, meter = meter calorimeter flow adjusted to the

reference condition, lbm/hr (kg/h)
wcl = condenser leakage, lbm/hr (kg/h)
Wdc = test-drum calorimeter flow, lbm/hr

(kg/h)
Wdr = test-drum drainage, lbm/hr (kg/h)
Wh = flow rate, lbm/hr (kg/h)
x = measured relieving capacity adjusted to

the reference condition, lbm/hr (kg/h)
Wmc = meter calorimeter flow, lbm/hr (kg/h)
Wr = relieving capacity adjusted to water at

reference condition, lbm/hr (kg/h)
Wt = trial flow rate, lbm/hr (kg/h)
wvl = valve-steam leakage, lbm/hr (kg/h)
Y = expansion factor

Ytap = expansion factor at pressure tap
Z = compressibility factor as defined in the

equation of state, Pv = ZRT
Zb = base compressibility factor

β = beta ratio
x = d/D
ρ = fluid density, lbm/ft3 (kg/m3)

ρact = density of water at inlet conditions,
lbm/ft3 (kg/m3)

ρB = densityatbase temperatureandpressure,
lbm/ft3 (kg/m3)

ρm = fluid density at meter inlet, lbm/ft3
(kg/m3)

ρref = density of water at reference condition,
lbm/ft3 (kg/m3)

ρs = density of dry air at 14.696 psia (101.33
kPa) and at the base temperature, lbm/ft3
(kg/m3)

ρstd = density of dry air at 14.696 psia (101.33
kPa) and reference temperature, lbm/ft3
(kg/m3)

μ = viscosity, lbm/ft-sec (kg/m-s)
x = viscosity of air at TB and PB, centipoise

ΔP = differential pressure head across meter,
in. water (mm water)

ΔPA-B = differential pressure between taps A and
B, psia (kPa)

ΔPB-C = differential pressure between taps B and
C, psia (kPa)

ΔPC-D = differential pressure between taps C and
D, psia (kPa)

V-1.6 SI (METRIC) UNITS AND CONVERSION
FACTORS

See Tables V-1.6-1 and V-1.6-2.

ARTICLE V-2
CAPACITY AND FLOW RESISTANCE TESTING

V-2.1 GUIDING PRINCIPLES

V-2.1.1 Items on Which Agreement Shall Be
Reached

The parties to the test shall reach agreement on the
following items prior to conducting the test:
(a) object of the test
(b) parties to the test
(c) test site
(d) testing fluid reference condition at flow-rating

pressure
(e) methods of measurement, instrumentation, and

equipment to be used (calibration of instruments shall
be in accordance with V-2.1.7)
(f) number, size, type, condition, source, set pressure,

and expected relieving capacity of the devices to be tested
(g) person who shall supervise the test
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Table V-1.6-1
SI (Metric) Units

Quantity Unit Symbol Other Units or Limitations
Space and Time
Plane angle radian rad degree (decimalized)
Length meter m …
Area square meter m2 …
Volume cubic meter m3 liter (L) for fluids only (use without prefix)
Time second s minute (min), hour (h), day, week, and year (y)
Periodic and Related Phenomena
Frequency hertz Hz hertz = cycle per second
Rotational speed radian per second rad/s revolutions per minute (rpm)
Fluence nvt … …
Neutron energy MeV En …
Sound (pressure level) decibel db …
Mechanics
Mass kilogram kg …
Density … kg/m3 …
Moment of inertia … kg·m2 …
Force newton N …
Moment or force (torque) newton-meter N·m …
Pressure and stress pascal Pa pascal = newton per square meter
Energy, work joule J kilowatt-hour (kW·h)
Power watt W …
Impact strength joule J …
Section modulus cubic meter m3 …
Moment of section (second moment of area) … m4 …
Fracture tougheners Pa m K1C …

Heat
Temperature (thermodynamic) [Note (1)] kelvin K degree Celsius (°C)
Temperature (other than thermodynamic) degree Celsius °C kelvin (K)
Linear expansion coefficient … K−1 °C−1

Quantity of heat joule J …
Heat flow rate watt W …
Thermal conductivity … W/(m·K) W/(m·°C)
Thermal diffusivity … m2/s …
Specific heat capacity … J/(kg·K) J/(kg·°C)
Electricity and Magnetism
Electric current ampere A …
Electric potential volt V …
Current density … A/m2 …
Electrical energy watt W …
Magnetization current ampere/meter A/m …
Light
Illumination lux lx …
Wavelength angstrom Å …

NOTE: (1) Preferred use for temperature and temperature interval is degree Celsius (°C), except for thermodynamic and cryogenic workwhere
kelvins may be more suitable. For temperature interval, 1K = 1°C exactly.
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Table V-1.6-2
Commonly Used Conversion Factors

Quantity
Conversion

Multiplication Factor [Notes (1), (2)]From To
Plane angle degree rad 1.745329 E−02
Length in. m 2.54 E−02*

ft m 3.048 E−01*
yd m 9.144 E−01*

Area in.2 m2 6.4516 E−04*
ft2 m2 9.29034 E−02*
yd2 m2 8.361274 E−01

Volume in.3 m3 1.638706 E−05
ft3 m3 2.831685 E−02
U.S. gallon m3 3.785412 E−05
Imperial gallon m3 4.546090 E−03
liter m3 1.0 E−03*

Mass lb (avoir.) kg 4.535924 E−01
ton (metric) kg 1.00000 E+03*
ton (short 2,000 lbm) kg 9.071847 E+02

Force kgf N 9.80665 E+00*
lbf N 4.448222 E+00

Bending, torque kgf-m N·m 9.80665 E+00*
lbf-in. N·m 1.129848 E−01
lbf-ft N·m 1.355818 E+00

Pressure, stress kgf/m2 Pa 9.80665 E+00*
lbf/ft2 Pa 4.788026 E−01
lbf/in.2 (psi) Pa 6.894757 E+03
kips/in.2 Pa 6.894757 E+06
bar Pa 1.0 E−05*
in. water (60°F) Pa 2.4884 E+02

Energy, work Btu J 1.055056 E+03
ft-lbf J 1.355818 E+00

Power hp (550 ft-lbf/sec) W 7.456999 E+02
Temperature °C K tK = tC + 273.15

°F K tK = (tF + 459.67)/1.8
°F °C tC = (tF − 32)/1.8

Temperature interval °C K 1.0 E+00*
°F K or °C 5.555556 E−01

Viscosity, dynamic lbf-sec/ft2 Pa·s 4.788026 E+01
lbm/ft-sec Pa·s 1.488164 E+00

GENERALNOTE: Amore extensive list of conversion factors between SI (metric) units and U.S. Customary units is given in ASME SI-1 and ASTM
E380.

NOTES:
(1) The factors are written as a number greater than 1 and less than 10 with six decimal places. The number is followed by the letter “E” (for

exponent), a plus orminus symbol, and twodigits that indicate the power of 10 bywhich the numbermust bemultiplied to obtain the correct
value. For example, 3.523907 E−02 is 3.523907 × 10−2 or 0.03523907.

(2) Factors followed by an asterisk are exact.
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(h) the written test procedure, which shall include the
observations and readings to be taken and recorded to
comply with the object or objectives of the test

V-2.1.2 Qualification of Person Supervising the
Test

The person who supervises the test shall have a formal
education in thermodynamics and fluid mechanics. In
addition, the person shall have practical experience in
fluid flow measurement and have had experience in
test supervision.

V-2.1.3 Responsibility of Person Supervising the
Test

The person supervising the test shall be present at all
times during the test and shall be solely responsible for
ensuring that all persons who are involved in taking read-
ings, making pressure and temperature adjustments, or
any other function that will affect the test results are
fully informed as to the correct method of performing
such functions. The person supervising the test shall
also be responsible for ensuring that the written test
procedures are followed. The person supervising the
test shall sign and date the test report, thereby verifying
to the best of the person's knowledge that the report is
correct and that the testwas conducted inaccordancewith
the written test procedures. The person supervising the
test shall verify that the instruments have been calibrated
as required by V-2.1.7.

V-2.1.4 Test Apparatus

Procedures and arrangement of the test apparatus shall
be in accordance with V-2.2.

V-2.1.5 Preliminary Tests

Sufficient preliminary tests shall be conducted to
ensure that test conditions can be attained and that oper-
ating personnel are completely familiar with the test
equipment and their respective assignments. Preliminary
tests shall include the recordingof all datanecessary to the
completeness of an actual test.

V-2.1.6 Spare Instruments

If intended for use as replacements during the test,
spare instruments shall be calibrated in accordance
with V-2.1.7.

V-2.1.7 Calibration of Instruments

Each instrument used during the test shall be serialized
or otherwise positively identified. Each instrument,
depending on the type, shall be calibrated in accordance
with V-2.1.7.1 through V-2.1.7.5. Records of pertinent
instrument calibrations shall be available for review by
the interested parties.

V-2.1.7.1 Pressure. Pressure-measuring instruments
shall be calibrated in accordance with ASME PTC 19.2,
before and after any test or series of tests, but in no
case shall a period of greater than 10 days elapse
between pretest calibration and post-test calibration
check. Calibration of other means of indicating or
recording pressure shall be agreed upon by the interested
parties.

V-2.1.7.2 Temperature. Temperature-measuring
instruments shall be calibrated in accordance with
ASME PTC 19.3. Instruments of the types listed in
V-2.2.2.2(a), except bimetallic thermometers, shall be cali-
brated against at least two temperatures within a 90-day
periodpreceding the test or series of tests. Bimetallic ther-
mometers shall be calibrated before and after each test or
series of tests. Calibration of other means of indicating or
recording temperature shall be agreed upon by the inter-
ested parties.

V-2.1.7.3 Lift Indicators and Recorders. Since these
instruments are usually subjected to some shock in the
course of tests under this Appendix, their accuracy
shall be checked before and after each test or series of
tests.

V-2.1.7.4 Weighing Scales. Scales used in test proce-
dures for weighted condensate or gravimetric methods
shall have a minimum value of the indicating element
equal to or less than 0.25%of the expected load.Weighing
scales used in tests conducted under this Appendix shall
be calibrated at sufficient points to ensure their accuracy
within their range of intended usage at least oncewithin a
90-day period preceding a test or series of tests.

V-2.1.7.5 Steam Calorimeters.Methods of calibrating
steam calorimeters are given in ASME PTC 19.11. The
calorimeters shall be calibrated separately with steam
at the time of their installation and at regular intervals
not exceeding 1 yr. Further calibrations shall be
carried out if results indicate an obvious error in their
readings or if their installation is altered.

V-2.1.8 Metering Sections

The calibration of any type of flow meter (see V-2.2.2)
shall include the actual piping and all fittings both
upstream and downstream of the meter (see ASME
PTC 19.5), including control valves, test vessels, and
vessel-to-test device adapters. Such calibration shall be
by means of measuring the flow rate through a test
devicewith aknowncoefficient of dischargeuponcomple-
tion of the initial installation or construction and prior to
the performance of any formal test. Agreement with the
coefficient of the test object shall be within ±2%.
The initial calibration shall include runs at the smallest,

intermediate, and highest flow rates compatible with the
comparison installation. Adapter fittings for test devices
having different types of inlet connections shall be
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calibrated by laboratory personnel at the time of their
manufacture or purchase. In addition, the meter installa-
tion shall undergo a calibration check as described above
at least once within each 1-yr period. These calibration
checks shall include runs with at least two sizes of adap-
ters. Records of calibrations shall bemaintained and avail-
able for review by the interested parties. Modifications to
the equipment shall be evaluated for the effect they may
have on the system calibration, and new calibrations shall
be performed if deemed necessary.

V-2.1.9 Flow Resistance Test Rigs

The calibration of any type of test rig (see V-2.2.9.1)
shall include the actual piping and all fittings downstream
of the test vessel (see Figure V-2.1.9-1). Calibration shall
be conducted upon completion of the initial installation or
construction and prior to the performance of any formal
test and repeated at least once every 5 yr. Records of cali-
brationshall bemaintainedandavailable for reviewby the
interestedparties.Modifications to the equipment shall be
evaluated for the effect they have on the test rig, and new
calibrations shall be performed if deemed necessary. The
calibration shall be conducted per V-2.1.9.1 and V-2.1.9.2.

V-2.1.9.1 Measured Flow Resistance

With no test device installed, conduct three flow resis-
tance tests at the smallest, intermediate, and highest test
pressures compatiblewith the test rig. Themeasured flow
resistance, KRi, for each test shall be 0 ± 0.075.

V-2.1.9.2 Pressure Tap Profile Comparison

With no test device installed, conduct a flow test at an
intermediate test pressure; see the following steps:
Step 1. With the data from the flow test, calculate the

average friction factor for the length of pipe between taps
A-B and C-D.
Step 2. Using the Lapple (1943) and Levenspiel (1977)

modelof theadiabatic ideal-gas integrationof themechan-
ical energy (or momentum) balance for adiabatic flow
from an ideal nozzle on a large reservoir, through an
equivalent length of pipe, to a second large reservoir
(or to the atmosphere), calculate the equivalent pipe
length to tap A using the measured flow rate, the
average friction factor from Step 1, and the measured
pressure at tap A.
Step 3. Subtract the actual pipe length from the test rig

entrance to tap A from the equivalent pipe length from
Step 2 to determine a nozzle equivalent length.
Step 4. Repeat Steps 2 and 3 for taps B through D.
Step 5. Calculate the average nozzle equivalent length

using the values determined in Steps 1 through 4. This
average nozzle equivalent length is used to compensate
for the actual pressure loss up to the test rig entrance.

Step 6. Using again the adiabatic ideal-gas integration
model of Step 2, calculate the pressure at tap A using the
measured flow rate, average friction factor, and average
nozzle equivalent length from Step 5 and actual pipe
length for tap A.
Step 7. Repeat Step 6 for taps B through D.
Step 8. Calculate the difference between the measured

pressureand thecalculatedpressure fromStep7ateachof
the four pressure taps. The difference at each tap shall be
within ±6.0% of the calculated pressure.
Nonmandatory Appendix E presents an example using

the pressure tap profile comparison procedure to cali-
brate a flow resistance test rig.

V-2.1.10 Adjustments During Tests

No adjustment to the pressure relief device shall be
made while readings are being taken. Following any
change or deviation of the test conditions, a sufficient
period of time shall be allowed to permit the rate of
flow, temperature, andpressure to reach stable conditions
before readings are taken.

V-2.1.11 Records and Test Results

The test records shall include all observations,
measurements, instrument readings, and instrument cali-
bration records (if required) used in the test. Original test
records shall remain in the custody of the facility that
conducted the test for a period not fewer than 5 yr.
Copies of all test records shall be furnished to each of
the parties to the test. Corrections and corrected
values shall be entered separately in the test record.
The test shall be reported in accordance with V-2.4.

V-2.1.12 Measurement Uncertainty

A post-test uncertainty analysis shall be performed to
determine that the limits of uncertainty of the final flow
measurement specified inV-1.1weremet. A pretest deter-
minationmaybeperformed to determine that the limits of
uncertainty of the final flow measurement specified in
V-1.1 can be met by the specified instrument and proce-
dures. A guide for such determination is given in ASME
PTC 19.1. These determinations shall be documented
by the laboratory and available for review.

V-2.2 INSTRUMENTS AND METHODS OF
MEASUREMENTS

V-2.2.1 General

Subarticle V-2.2 describes the instruments, methods,
procedures, and precautions that shall be used in
testing pressure relief devices under this Appendix.
The Performance Test Code Supplements on Instruments
and Apparatus provide authoritative general information

ASME BPVC.XIII-2025

78



Figure V-2.1.9-1
Recommended Arrangements for Testing Flow Resistance of Non-reclosing Pressure Relief Devices
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concerning instruments and their use and may be
consulted for such information.

V-2.2.2 Fluid Conditions, Test Conditions, and
Instrumentation

V-2.2.2.1 Atmospheric Pressure. Barometric pressure
shall bemeasuredwith a barometer (see ASME PTC 19.2).
In calculations involving the capacity of pressure relief
devices having a flow-rating pressure of 20 psig (150
kPa) or higher, the use of the mean barometric pressure
at the test site satisfies the accuracy requirements of this
Appendix. In such cases, the recordedpressuremay be the
mean barometric pressure.

V-2.2.2.2 Temperature. Instructionson thermometers
or thermocouples and associated instruments are given in
ASME PTC 19.3, except that commercial, metal-encased
thermometers shall not be used in tests conducted
under this Appendix. Other means of temperature
measurement and indication may be used, provided
they are of the same or greater degree of accuracy as
those described therein.
(a) Depending on operating conditions, or conveni-

ence, the temperature may be measured with certified
or calibrated liquid-in-glass thermometers, bimetallic
thermometers, resistance-type thermometers, or thermo-
couples. All of the above may be inserted directly into the
pipe or wells except for liquid-in-glass thermometers,
which shall be inserted into wells. The installation of
the temperature-measuring device directly into the
pipe, without the addition of a well, is desirable for
temperatures below 300°F (150°C).
(b) The following precautions shall be taken when

making any temperature measurements:
(1) No significant quantity of heat shall be trans-

ferred by radiation or conduction to or from the tempera-
ture-measuring device other than by the temperature of
the medium being observed (see ASME PTC 19.3).

(2) The immediate vicinity of the point of insertion
and the external projecting parts shall be insulated.

(3) The temperature-measuring device shall extend
across the centerline in pipes of small diameter or shall be
inserted at least 6 in. (150 mm) into the fluid stream in
pipes over 12 in. (300 mm) in diameter.

(4) Temperature-measuring devices installed in
pipes carrying compressible fluids shall, wherever
possible, be installed at locations where the maximum
fluid velocity during any flow measurement does not

exceed 100 ft/sec (30 m/s). Where such an installation
is not possible, itmaybenecessary to correct the tempera-
ture readings to the appropriate static or total tempera-
ture (see ASME PTC 19.5).

(5) The temperature-measuring devices shall be
inserted in locations so as to measure temperatures
that are representative of the flowing medium as
described under test arrangements.
(c) When measuring temperatures with a mercury-in-

glass thermometer, the instrument shall have an etched
stem. When the measured temperature differs from the
ambient by more than 10°F (5°C), and the mercury is
exposed, an emergent stem correction shall be made
(see ASME PTC 19.3) or an appropriate emergent-stem
thermometer used.
(d) Thermometerwells, when used, shall be of the type

shown in ASMEPTC 19.3. They shall be as thin-walled and
of as small a diameter as practicable; their outer surfaces
shall be substantially free from corrosion or foreign
matter. The well shall be filled with a suitable fluid.
Mercury should not be used for this fluid since its very
low vapor pressure presents a serious health hazard to
personnel. However, if mercury is used for this
purpose, suitable precautions shall be taken.
(e) Thermocouples, if used, shall have a welded hot

junction and shall be calibrated together with their exten-
sionwiresover theanticipatedoperating range.They shall
be constructed of materials suitable for the temperature
and fluid being measured. The electromotive force of a
thermocouple shall be measured by a potentiometer
instrument or millivoltmeter of such precision that the
accuracy of the overall system is within the limit specified
in V-1.3. The cold junction shall be established by an ice
bath, reference standard, or by a compensating circuit
built into the potentiometer.

V-2.2.2.3 Pressure Measurements. Instructions on
pressure gages, differential gages, and manometers are
given in ASME PTC 19.2. Other means of pressure
measurements and indication may be used provided
they are of the same or lesser degree of uncertainty as
those described therein.
(a) Pressure-measuring stations shall be located in the

region where the flow is essentially parallel to the pipe or
vessel wall. For the measurement of static gage-pressure
differentials below 15 psi (100 kPa), liquid manometers
may be used.

Figure V-2.1.9-1
Recommended Arrangements for Testing Flow Resistance of Non-reclosing Pressure Relief Devices (Cont’d)

NOTE: (1)Theedgeofhole shall be cleanand sharpor slightly roundedand free fromburrs,wire edges, orother irregularities. Inno case shall any
fitting protrude inside the pipe.
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(b) The test vessel pressure shall be the static pressure
as measured with a pressure tap positioned, as shown in
Figure V-2.2.2.3-1.
(c) Back pressure shall be the static pressuremeasured

with a pressure tap positioned, five pipe diameters from
the valve outlet.
(d) Proper corrections to thepressure readings shall be

made if there is a height of water or other liquid between
the point at which the pressure is to be measured and the
pressure instrument.

V-2.2.2.4 Flow Measurement

(a) This paragraph provides for the measurement of
pressure relief device capacity by use of the following
methods:

(1) subsonic-inferential meters, including orifice
plate, flow nozzle, and venturi

(2) sonic-inferential meters, including choked
nozzles

(3) direct volumetric or gravimetricmeasurement of
collected condensate or discharge
(b) To measure pressure relief device capacity, the

following methods shall be used:
(1) steam flow, with atmospheric back pressure

method (a)(1) or (3) herein
(2) steam flow, with back pressure above atmo-

spheric method (a)(1) herein
(3) gas or air flow, with atmospheric back pressure

method (a)(1) or (2) herein
(4) gas or air flow, with back pressure above atmo-

spheric method (a)(1) herein
(5) liquid flow, with atmospheric back pressure

method (a)(1) or (3) herein

(6) liquid flow, with back pressure above atmo-
spheric method (a)(1) herein
NOTE: It is not the intent of this Appendix to exclude pressure-
relief-device testing at back pressures above atmospheric
wherein capacity is measured by means of a sonic-inferential
meter. However, due to the high degree of pressure drop
through this type of meter, such testing would probably be
impractical.

(c) Instruction on Primary Elements. Instructions on
primary elements are given in ASME PTC 19.5. Other
means of capacity determinations may be used [see
V-2.2.3.1(c)], provided they are of the same or greater
degree of accuracy as those outlined therein.

(1) The primary element shall be located upstream
of the test pressure relief device inlet. A recommended
i n s t a l l a t i o n a r r a n g e m e n t i s s h o w n i n
Figure V-2.2.2.3-1. The ratio of orifice plates to internal
pipe diameter shall be between 0.2 and 0.7. The
primary element shall be inspected and known to be
clean and free of damage prior to the test period.

(2) The differential pressure across the primary
element and temperature of the fluid shall be measured.
The precautions of V-2.2.2.2 shall apply to the measure-
ment of temperature and those of V-2.2.2.3 to the
measurement of pressure.

(3) There shall be sufficient length of straight pipe
ahead of the primary element to secure a fairly uniform
velocity profile in the approaching stream (see ASME PTC
19.5). To ensure reliable pressure measurement, there
shall also be a sufficient length of straight pipe of the
same nominal size as the inlet on the outlet side of the
primary element.

Figure V-2.2.2.3-1
Recommended Arrangements for Testing Devices With Atmospheric Back Pressure— Flowmeter Test Arrangement
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(4) The flow during capacity measurements shall be
steady state, and differential pressure devices shall not
show total pulsations (double amplitude) greater than
2% of the differential pressure being measured. Any
greater pulsation in the flow shall be corrected at its
source; attempts to reduce pulsations at the instrument
are not permissible.

(5) Precautions shall be taken to avoid the use of
excessively wet steam, which usually results in unstable
conditions. When testing with steam, throttling calori-
meters shall be used (see V-2.2.2.6).

(6) ASME PTC 19.5 provides detailed information
relative to most of the flow techniques and flow elements
recommended for this Appendix. The equations for the
calculation of discharge coefficients for orifices, flow
nozzles, and venturi meters contained in that document
shall be used.
These equations are valid for uncalibrated nozzles

constructed in strict accordancewithASMEPTC19.5. Cali-
brated nozzles may be used to give additional accuracy.

V-2.2.2.5 Valve-Lift Measurements

(a) The lift of the valve disk, under flowing conditions,
shall be determinedby suitablemeans towhatever degree
of accuracy is imposed by the procedure under which the
valve is being tested.
(b) In open- or vented-bonnet designs, when the top of

the spindle may be exposed during the tests, a dial indi-
cator of appropriate range may be attached to the top of
the valve to indicate the movement of the spindle. In
closed-bonnet valves where the top of the spindle
cannot be exposed, arrangements shall be made to
permit indicating, reading, or recording spindle move-
ment outside the valve bonnet or cap. In either case,
care shall be exercised that the arrangement does not
impose an additional load on the valve spindle or interfere
with the operation of the valve.
Possible misreading of lift indicators may occur under

conditions of testing valves with steam with superim-
posed back pressure (see V-2.2.6). When introducing
steam into the back-pressure portion of the valve, the
temperature of the steam may cause thermal expansion
of the valve parts, producing an erroneous initial reading
on the lift indicator. When extreme accuracy in results is
desired, measures shall be taken to distinguish between
this thermal expansion and actual valve lift.

V-2.2.2.6 Steam Quality. Quality of steam flowing
shall be measured by means of throttling calorimeters,
installed in the test vessel nozzle, with the tube extending
to the test device centerline. Alternatively, the steam-
sampling tube may be installed directly on the vessel,
provided that the tube extends into the flow path directly
below the centerline of the device inlet nozzle and not
lower than the horizontal centerline of the test vessel.
Instructions for their use are given in ASME PTC 19.11.

V-2.2.2.7 Reference Conditions. Reference conditions
shall be within the stated limits in (a) through (c). If refer-
ence conditions arenotwithin these limits, thennocorrec-
tions from actual test conditions may be applied and no
corrections shall be made from actual test pressure.
(a) Steam. The reference condition shall be dry satu-

rated steam, and the condition of the steam during test
at the device inlet shall be within limits of 98%
minimum quality and 20°F (10°C) maximum superheat.
(b) Water. The reference condition of water shall be

between 65°F (20°C) and 75°F (25°C), and the tempera-
ture limit of water during test at the device inlet shall be
between 40°F (5°C) and 125°F (50°C).
(c) AirandOtherGases.Thereferenceconditionof airor

other gases shall be between 55°F (10°C) and 75°F (25°C),
and the temperature limit of air or other gases during test
at the device inlet shall be between 0 °F (-20°C) and 200°F
(90°C).

V-2.2.2.8 Specific Gravity. The specific gravity of the
fluid, other than air or water, used for the test shall be
determined in accordance with ASTM D1070 or ASTM
D1298.
NOTE: In some special cases, it may be a requirement that tests
be conducted on liquids outside the range of these specifications.
In these cases, agreement shall be reached on the method of
specific gravity (density–specific volume) determination.

V-2.2.2.9 Chemical Composition. If the physical prop-
erties of the fluid are in doubt [see V-1.2(a)], they shall be
determined by physical tests or from chemical analysis.

V-2.2.2.10 General Features of Tests. The proper
number and size of pressure relief devices to be tested
shall be provided at the test site. There shall be assurance
that the pressure relief devices are properly assembled
with components that meet the design specification re-
quirements. The pressure relief device shall be clean
and ready for test.
The pressure relief device to be tested shall be installed

with adapter fittings (flanged, screwed, welded, etc.)
directly on a test vessel (see Figure V-2.2.2.10-1 for ac-
ceptable contours). Other adapter fittings may be used
provided the accuracy of the test is not affected. The
diameter and volume of the test vessel should be large
enough to obtain an accurate static pressure measure-
ment and an accurate determination of the operational
characteristics of the pressure relief device to be
tested. Operating conditions shall be maintained in accor-
dance with the requirements of the procedure used (see
V-2.2.3 through V-2.2.9). The duration of the test shall be
that required to obtain the necessary performance and
capacity data under stable conditions.
(a) For testing with atmospheric back pressure before

discharging, the test arrangement shall provide discharge
from the pressure relief device directly to the atmosphere
or condenser (see Figures V-2.2.2.10-1 through
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V-2.2.2.10-3). If discharge piping is used, it shall be at least
the same size as the pressure relief device outlet. This pipe
shall be supported independently of the pressure relief
device and in such a way as to not affect the operation
of the pressure relief device. Precautions shall be
taken to ensure that the pressure relief device and
discharge piping are adequately secured to resist the
resultant forces generated by the discharge.
(b) For testing with superimposed back pressure

before discharging, the test arrangement shall provide
a means for introducing and maintaining back pressure
on the test pressure rel ie f device out let (see
Figure V-2.2.2.10-4). The discharge pipe shall have at
least the same nominal size as the pressure relief
deviceoutlet and shall discharge into a systemof sufficient
size to allow satisfactory back-pressure control. A control
pressure relief device shall be provided to regulate the
building up andmaintaining of any desired back pressure
while the pressure relief device is discharging.
The remainder of V-2.2 is divided into seven parts

according to the back pressure, fluid used, and type of
device tested. The first three parts for tests with atmo-
spheric back pressure before discharging are: steam
(see V-2.2.3); gases, including air (see V-2.2.4); and
liquids (see V-2.2.5). The second three parts for test
with superimposed back pressure before discharging
are: steam (see V-2.2.6); gases, including air (see
V-2.2.7); and liquids (see V-2.2.8). The last part (see
V-2.2.9) concerns testing rupturedisks todetermine resis-
tance factors.
(c) Tests of non-reclosing pressure relief devices in

combination with pressure relief valves shall be
conducted in accordance with V-2.2.3 through V-2.2.8
(see Figure V-2.2.2.10-5).

V-2.2.2.11 Establishing Set Pressure and Blowdown

(a) Increase the pressure at the device inlet. During the
pressure interval starting at 90%of the expected set pres-
sure, the rate of pressure increase shall not exceed2.0 psi/
sec (15 kPa/s) or whatever lesser rate of increase is nec-
essary for the accurate reading of the pressure. Observe
and record the set pressure of the device and any other
desired or pertinent characteristics.
(b) For reclosing pressure relief devices, continue

increasing the pressure at the device inlet until the
device remains open. Observe the action of the device.
Gradually decrease the inlet pressure until the device
closes. Record the reseating pressure of the device.
Observe the action of the device.
(c) For reclosing pressure relief devices, repeat (a) and

(b) herein until the set pressure is established and stabi-
lized.
(d) Set pressure is established by computing the

averageof at least the last threemeasuredvalues. Setpres-
sure is considered stable when themeasured values show
no significant upward or downward trendwhereby all are

within±1%or±0.5psi (4 kPa),whichever is greater, of the
averagevalue. If theparties to the test agree, analternative
criteria of stability may be used.
(e) Blowdown is established by computing the average

of the individual blowdowns of those tests used to deter-
mine set pressure in (d) herein.

V-2.2.3 TestingWithSteam,PressureReliefDevice
Discharging to Atmospheric Pressure

V-2.2.3.1 Test Arrangements

(a) FlowmeterMethod.FigureV-2.2.2.3-1 illustrates the
use of a flowmeter togetherwith its associated instrumen-
tation. The use of calorimeters at the pressure relief
devices inlet and primary element is mandatory;
however, the thermometers at the primary element
and test vessel may be omitted. Provisions shall be
made for collecting and measuring the condensate accu-
mulating in the test vessel during a test run.
(b) Weighed Condensate. Figure V-2.2.2.10-2 illustrates

the weighed-condensate method of test, including the
condenser and associated instrumentation. The use of
a calorimeter at the device inlet is mandatory.
NOTE: If the test pressure relief device is of the open- or vented-
bonnet design, this test arrangement will not measure all the
steam passing through the pressure relief device. A loss may
occur due to steam leakage around the spindle and through
drains. Therefore, the capacity results obtained by test will
be less than the actual device capacity. When considered nec-
essaryby the interestedparties, agreement shall be reachedas to
the method used for determining the rate of this steam leakage.

(c) Alternative Arrangements. Test arrangements other
than thosedescribed in (a)and(b)maybeused if agreed to
by all interested parties, provided the uncertainty of the
final results is within ±2.0% (see V-1.3).

V-2.2.3.2 Preliminary Tests. Preliminary tests may be
permitted for testing and adjusting operation of the test
apparatus and/or device being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks in
the test apparatus and that primary element reservoirs
are filled, properly cooled, and initially vented.

V-2.2.3.3 Barometric Pressure.Record thebarometric
pressure (see V-2.2.2.1).

V-2.2.3.4 Details of Procedure for FlowMeasurement
of Devices Using the Flowmeter Method

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.
(b) Establish and maintain the flow-rating pressure

until flow instruments indicate stable condition.
(c) Close test-drum drain, and establish and record or

mark starting condensate level in gage glass.
(d) Record the following:
(1) device-inlet pressure
(2) device-inlet calorimeter discharge temperature
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(3) device-disk lift, as applicable
(4) flowmeter static pressure
(5) flowmeter differential pressure
(6) flowmeter calorimeter discharge temperature

(e) Maintain stable conditions, and read and record
data in same sequence for period of run as agreed upon.

(f) Record length of run and times of recording data as
measured by stopwatch, electric synchronous clock with
second hand, or other appropriate means.
(g) Determine test vessel condensate by weight or

volume measure, and record.
(h) Decrease inlet pressure slowly, and again record

reseating pressure of a reclosing pressure relief device.

Figure V-2.2.2.10-1
Recommended Internal Contours of Nozzles, Fittings, Adapters, and Reducers Between Test Vessel and Test Device
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(a)  [Note (1)] (b)  [Note (2)] 

(c)  [Note (3)] (d)  [Note (4)]

GENERAL NOTE: In no case shall the size of the fitting exceed the size of the connection on the test vessel.

NOTES:
(1) If DB ≥ 0.75DA, then RA ≥ 0.25DA.

If DB < 0.75DA, then R ≥ 0.25DB.
(2) If α ≤ 30 deg and DB < 0.75DA, break all edges.
(3) If α > 30 deg and DB < 0.75DA, then R ≥ 0.25DB.
(4) If α ≤ 30 deg and DB ≥ 0.75DA, then RA ≥ 0.25DA.
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Figure V-2.2.2.10-2
Recommended Arrangements for Testing Devices With Atmospheric Back Pressure —

Weighed-Condensate Test Arrangement
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Figure V-2.2.2.10-3
Recommended Arrangements for Testing Devices With Atmospheric Back Pressure —
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Figure V-2.2.2.10-4
Recommended Discharge Arrangement for Testing Devices With Superimposed Back Pressure
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Figure V-2.2.2.10-5
Recommended Arrangement for Testing Non-reclosing Pressure Relief Devices in Combination
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V-2.2.3.5 Details of Procedure for FlowMeasurement
of Devices Using the Weighed-Condensate Method

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.
(b) Establish and maintain flow-rating pressure until

flow instruments indicate stable condition.
(c) Establish condenser hot-well level.
(d) Record the following:
(1) device-inlet pressure
(2) device-inlet calorimeter discharge temperature
(3) device-disk lift, as applicable

(e) Maintain stable conditions, and read and record
data in same sequence for period of run as agreed upon.
(f) Record length of run and times of recording data as

measured by stopwatch, electric synchronous clock with
second hand, or other appropriate means.
(g) Reestablish condenser hot-well level, and accu-

rately determine and record amount (volume or
weight) of condensate formed in condensers during run.
(h) Decrease inlet pressure slowly, and again record

reseating pressure of a reclosing pressure relief device.

V-2.2.3.6 Observation of the Device Mechanical
Characteristics. During the flowmeter and weighed-
condensate methods of test, the mechanical characteris-
tics shall be observed by hearing, feeling, or seeing and
recordedduring the flowtest. If the valve chatters, flutters,
or does not reseat (as designed) satisfactorily, such action
shall be recorded. Upon agreement of all interested
parties, the device may be readjusted or repaired and
retested.

V-2.2.3.7 Recording Additional Data.During the flow-
meter or weighed-condensate methods of test, it may be
desirable or a requirement to record pressure other than,
or in addition to, those listed in V-2.2.3.4 or V-2.2.3.5.
Where possible, such recorded pressures shall be identi-
fied in accordance with V-1.6. With closed discharge
systems, such as V-2.2.3.1(b), it is not possible to
observe or record some characteristic pressures.

V-2.2.4 Testing With Gas or Air, Pressure Relief
Device Discharging to Atmospheric
Pressure

V-2.2.4.1 Test Arrangement. A recommended test
arrangement is shown in the flowmeter test arrangement,
Figure V-2.2.2.3-1. The primary element shall be either a
subsonic-inferentialmeter [seeV-2.2.2.4(a)(1)]orasonic-
inferential meter [see V-2.2.2.4(a)(2)].
Instrumentation for each type of meter is listed in the

following subparagraphs. The test pressure relief device
dischargemaybeprovided as shown in FigureV-2.2.2.3-1.
See V-2.2.2.10(a) for long discharge connections.
(a) Subsonic-Inferential Meters. Measurements asso-

ciated with subsonic-inferential meters are
(1) inlet static pressure

(2) inlet temperature
(3) differential pressure

(b) Sonic-Inferential Meters. Measurements associated
with sonic-inferential meters are

(1) inlet total (stagnation) pressure
(2) inlet total (stagnation) temperature

V-2.2.4.2 Preliminary Device Tests. Preliminary tests
may be permitted for testing and adjusting operation of
the test apparatus and/or device being tested (see
V-2.1.5). Such tests may be necessary to ensure the
absence of leaks in the test apparatus.

V-2.2.4.3 BarometricPressure.Record thebarometric
pressure (see V-2.2.2.1).

V-2.2.4.4 Details of Procedure for FlowMeasurement
of Devices Using Subsonic-Inferential-Meter Method

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.
(b) Establish and maintain flow-rating pressure until

flow instruments indicate a steady-state condition.
(c) Record the following:
(1) device-inlet pressure
(2) device-inlet temperature
(3) device-disk lift, as applicable
(4) flowmeter-inlet static pressure
(5) flowmeter-inlet temperature
(6) flowmeter differential pressure

(d) Decrease inlet pressure slowly, and again record
reseating pressure of the device.

V-2.2.4.5 Details of Procedure for FlowMeasurement
of Devices Using Sonic-Inferential-Meter Method

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.
(b) Establish and maintain flow-rating pressure until

flow instruments indicate a steady-state condition.
(c) Record the following:
(1) device-inlet pressure
(2) device-inlet temperature
(3) device-disk lift, as applicable
(4) flowmeter-inlet total pressure
(5) flowmeter-inlet total temperature

(d) Decrease inlet pressure slowly, and again record
reseating pressure of a reclosing pressure relief device.

V-2.2.4.6 Observation of the Mechanical Character-
istics. During the subsonic- or sonic-inferential-meter
method of test, the mechanical characteristics shall be
observed by hearing, feeling, or seeing and recorded
during the flow test. If the valve chatters, flutters, or
does not reseat satisfactorily, such action shall be
recorded. Upon agreement of all interested parties, the
valve may be readjusted or repaired and retested. Exces-
sive and continual chatter could cause mechanical failure
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of thevalveand therebycreateahazard topersonnel in the
test area.

V-2.2.4.7 Recording Additional Data. During the
subsonic- or sonic-inferential-meter method of test, it
may be desirable or a requirement to record pressures
other than or in addition to those listed in V-2.2.4.4 or
V-2.2.4.5. Where possible, such recorded pressures
shall be identified in accordance with V-1.6.

V-2.2.5 TestingWithLiquid,PressureReliefDevice
Discharging to Atmospheric Pressure

V-2.2.5.1 Test Arrangements. The pressure source
may be a pumpor an accumulator of liquid in combination
with high-pressure compressed gas. Measures shall be
taken to ensure that pressure pulsations in the system
are reduced to a minimum. The flowmeter test arrange-
ment shown in Figure V-2.2.2.3-1 illustrates a recom-
mended arrangement up to and including the test
pressure relief device. FigureV-2.2.2.10-3 illustratesa rec-
ommended discharge arrangement.
(a) If a flowmeter [seeV-2.2.2.4(a)(1)] isused, theasso-

ciated measurements shall include, as a minimum, flow-
meter differential pressure, device-inlet pressure, and
liquid temperature. In this case, the use of a means of
determining the volume or weight of the discharge is
not a requirement.
NOTE: When conducting flowmeter tests involving a pressure
relief device having high inlet pressure and low flow rates, it
may be desirable to install the flowmeter downstream of the
pressure relief device. Such installations areacceptableprovided
the installation has been calibrated in accordance with V-2.1.8.

(b) If a flowmeter isnotused, volumetric or gravimetric
determination of the pressure relief device discharge over
aperiodof time shall bemade. Readings of thedevice-inlet
pressure and liquid temperature shall be made and
recorded. Means shall be provided for directing the
discharge into and diverting it from the tank used for
measuring purposes.

V-2.2.5.2 Preliminary Tests. Preliminary tests may be
permitted for testing and adjusting operation of the test
apparatus and/or device being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks in
the test apparatus and ensure that all gas or air has been
vented from the component parts of the system, except
those referred to in V-2.2.5.1.

V-2.2.5.3 Details of Procedure for FlowMeasurement
of Devices Using the Flowmeter Method

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.
(b) Establish and maintain flow-rating pressure until

instruments indicate a steady-state condition.
(c) Record the following:
(1) device-inlet pressure

(2) device-disk lift, as applicable
(3) liquid temperature
(4) flowmeter differential pressure

(d) Decrease inlet pressure slowly, and again record
reseating pressure of a reclosing pressure relief device.

V-2.2.5.4 Details of Procedure for FlowMeasurement
of Devices Using the Volumetric or Gravimetric Method
NOTE:Theperiod of the test is determinedby themeasured time
the discharge of the device is directed into the tank used for
measuring purposes. Care shall be taken that the pressure at
the device inlet remains stable during this period.

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11.
(b) Establish and maintain flow-rating pressure until

instruments indicate a steady-state condition.
(c) Record the following:
(1) device-inlet pressure
(2) device-disk lift, as applicable
(3) liquid temperature

(d) Direct valve discharge into measuring tank.
(e) Repeat (c) herein at specified intervals.
(f) Divert device discharge from measuring tank.
(g) Record lengthof runsand timesof recordingdata as

measured by stopwatch, electric synchronous clock with
second hand, or other appropriate means.
(h) Decrease inlet pressure slowly, and again record

reseating pressure of a reclosing pressure relief device.

V-2.2.5.5 Observation ofMechanical Characteristics.
During the flowmeter or volumetric method of test, the
mechanical characteristics shall be observed by
hearing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not
reseat satisfactorily, such action shall be recorded.
Upon agreement of all interested parties, the valve
may be readjusted or repaired and retested.

V-2.2.5.6 RecordingAdditionalData.During the flow-
meter or volumetric method test, it may be desirable or a
requirement to record pressures other than or in addition
to those listed in V-2.2.5.3 and V-2.2.5.4. Where possible,
such recorded pressures shall be identified in accordance
with V-1.6. With closed discharge systems, it is not
possible to observe or record some characteristic pres-
sures.

V-2.2.6 Testing With Steam, With Back Pressure
Above Atmospheric

V-2.2.6.1 Test Arrangements. Recommended test
arrangements are illustrated in Figures V-2.2.2.3-1,
V-2.2.2.10-4, and V-2.2.6.1-1. Capacity determination
sha l l be made by means of a f lowmeter [see
V-2.2.2.4(a)(1)] installed at the upstream side of the
valve. Figure V-2.2.2.3-1 shows a recommended test
arrangement, up to and including the test valve.
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Figures V-2.2.2.10-4 and V-2.2.6.1-1 show discharge
arrangements.
(a) Figure V-2.2.2.10-4 illustrates a recommended test

arrangement for testing with superimposed back pres-
sure. Means are provided for applying back pressure
to the valve prior to the valve reaching its set pressure
[see V-2.2.5.5(b)]. A control valve shall be provided for
controlling the back pressure prior to, during, and
after the opening of the test valve. The piping shall be
so arranged that condensate will not collect in the
piping and a drain shall be provided on the back pressure
vessel.
(b) Figure V-2.2.6.1-1 illustrates a recommended test

arrangement for testing with built-up back pressure.
Required equipment includes a means of controlling
the degree of back pressure built up on the test valve
after opening and for measuring the static pressure in
the test-valve discharge.

V-2.2.6.2 Preliminary Tests. Preliminary testsmay be
permitted for testing and adjusting operation of the test
apparatus and the valve being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks in
the test apparatus and that flowmeter reservoirs (meter-
pots) are filled, properly cooled, and initially vented.

V-2.2.6.3 BarometricPressure.Record thebarometric
pressure (see V-2.2.2.1).

V-2.2.6.4 Details of Procedure for FlowMeasurement

(a) Atmospheric Back-Pressure Test. Tests may be
conducted to determine the performance of the valve
when discharging at atmospheric back pressure. The
valve shall be equipped with an atmospheric discharge,
as shown in Figure V-2.2.2.3-1 Test procedure shall be
in accordance with V-2.2.3.4(a) through V-2.2.3.4(h),
performing such portions of the procedure and recording
such data as has been agreed upon.
NOTE: The objectives of this portion of the test may be only to
determine and record the set pressure and closing pressure of
the valve, and the lift of the valve at the flow-rating pressure,

when the valve is discharging to atmosphere. In this case, the
portions of V-2.2.3.4(a) through V-2.2.3.4(h) relating to capacity
determination may be eliminated.

(b) Back-Pressure Test. Following the atmospheric
back-pressure test, if performed, install the discharge
arrangement required by Figure V-2.2.2.10-4 or Figure
V-2.2.6.1-1 depending on the type of back pressure
desired.

V-2.2.6.5 Testing With Superimposed Back Pressure
[See V-2.2.6.1(a)]

(a) Adjust the back pressure on the valve and the
discharge piping to the required value.
(b) Establish the set pressure, and blowdown if appli-

cable, in accordance with V-2.2.2.11. The back pressure
shall bemaintained as uniformly as possible and recorded
during the tests in V-2.2.2.11(a) and V-2.2.2.11(b).
(c) Establish and maintain flow-rating pressure until

flow instruments and back pressure gage indicate a
steady-state condition.
(d) Close test-drum drain, and establish and record or

mark starting condensate level in a gage glass.
(e) Record the following:
(1) valve-inlet pressure
(2) valve-inlet calorimeter discharge temperature
(3) valve-disk lift
(4) flowmeter static pressure
(5) flowmeter differential pressure
(6) flowmeter calorimeter discharge temperature
(7) back pressure

(f) Reestablish original gage-glass level or new level at
end of run, determine condensate by weight or volume
measurement, and record.
(g) Decrease inlet pressure slowly, and again record

reseating pressure of valve and back pressure.
(h) In most instances, it is desirable or a requirement

that the valve be tested over a given range of back pres-
sure. In such cases, it is convenient if the value of back
pressure chosen in (c) herein be either the lowest or
highest of this range. Backpressuremay thenbe increased

Figure V-2.2.6.1-1
Recommended Discharge Arrangement for Testing Devices With Built-Up Back Pressure

Pressure

D

5D

Lift
  indicator

Test device

Control valve

To atmosphere,
  receiver, or drain

See Figure V-2.2.2.3-1 for inlet arrangement
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or decreased in increments, repeating (c) through (g)
herein at each incremental value.

V-2.2.6.6 Testing With Built-Up Back Pressure [See
V-2.2.6.1(b)]

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11. During the
V-2.2.2.11(b) test, back pressure shall be adjusted to
the desired value and recorded. Prior to repeating
tests in V-2.2.2.11(a) and V-2.2.2.11(b) as applicable in
para. V-2.2.2.11(c), remove any flow restriction in the
discharge test arrangement imposed during the previous
test, as failure to do so may prevent the valve from
achieving the same lift as the initial test.
(b) Establish and maintain flow-rating pressure until

flow instruments and back pressure gage indicate a
steady-state condition.
(c) Close test-drum drain, and establish and record or

mark starting condensate level in a gage glass.
(d) Record the following:
(1) valve-inlet pressure
(2) valve-inlet calorimeter discharge temperature
(3) valve-disk lift
(4) flowmeter static pressure
(5) flowmeter differential pressure
(6) flowmeter calorimeter discharge temperature
(7) back pressure

(e) Reestablish original gage-glass level or new level at
end of run, determine condensate by weight or volume
measurement, and record.
(f) Decrease inlet pressure slowly, and again record

reseating pressure of valve and back pressure.
(g) In most instances, it is desirable or a requirement

that the valve be tested over a given range of back pres-
sure. In such cases, it is convenient if the value of back
pressure chosen in (a) herein be either the lowest or
highest of this range. Backpressuremay thenbe increased
or decreased in increments, repeating (a) through (f)
herein at each incremental value.

V-2.2.6.7 Observation ofMechanical Characteristics.
During the testswith superimposed or built-up back pres-
sure, mechanical characteristics shall be observed by
hearing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not
reseat satisfactorily, such action shall be recorded.
Upon agreement of all interested parties, the valve
may be readjusted or repaired and retested. When
testing valves against back pressure, any range in
which the valve does not reach rated lift at the flow-
rating pressure shall be recorded.

V-2.2.6.8 Recording Additional Data. During tests
with superimposed or built-up back pressure, it may
be desirable or a requirement to record pressures
other than or in addition to those listed in V-2.2.6.5 or
V-2.2.6.6. Where possible, such recorded pressures

shall be identified in accordance with V-1.6. With
closed discharge systems, such as described in
V-2.2.6.1(a), it is not possible to observe or record
some characteristic pressures.

V-2.2.7 Testing With Gas or Air, With Back
Pressure Above Atmospheric

V-2.2.7.1 Test Arrangements. Recommended test
arrangements are illustrated in Figures V-2.2.2.3-1,
V-2.2.2.10-4, and V-2.2.6.1-1. Capacity determination
sha l l be made by means of a f lowmeter [see
V-2.2.2.4(a)(1)] installed at the upstream side of the
valve. Figure V-2.2.2.3-1 shows a recommended test
arrangement, up to and including the test valve.
Figures V-2.2.2.10-4, and V-2.2.6.1-1 show discharge
arrangements.
(a) Figure V-2.2.2.10-4 illustrates a recommended test

arrangement for testingwith superimposedbackpressure
to thevalve prior to the valve reaching its set pressure [see
V-2.2.2.5(b)]. A control valve shall beprovided for control-
ling the back pressure prior to, during, and after the
opening of the test valve. The piping shall be so arranged
that condensate will not collect in the piping and a drain
shall be provided on the back-pressure vessel.
(b) Figure V-2.2.6.1-1 illustrates a recommended test

arrangement for testing with built-up back pressure.
Required equipment includes a means of controlling
the degree of back pressure built up on the test valve
after opening and for measuring the static pressure in
the test-valve discharge.

V-2.2.7.2 Preliminary Tests.Preliminary testsmay be
permitted for testing and adjusting operation of the test
apparatus and/or valve being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks
in the test apparatus.

V-2.2.7.3 Barometric Pressure.Record thebarometric
pressure (see V-2.2.2.1).

V-2.2.7.4 Details of Procedure for FlowMeasurement

(a) Atmospheric Back-Pressure Test. Tests may be
conducted to determine the performance of the valve
when discharging at atmospheric back pressure. The
valve shall be equipped with an atmospheric discharge,
as shown in Figure V-2.2.2.3-1. Test procedure shall be
in accordance with V-2.2.4.4(a) through V-2.2.4.4(d),
performing such portions of the procedure and recording
such data as has been agreed upon.
NOTE: The objectives of this portion of the test may be only to
determine and record the set pressure and closing pressure of
the valve, and the lift of the valve at the flow-rating pressure,
when the valve is discharging to atmosphere. In this case, the
portions of V-2.2.4.4(a) through V-2.2.4.4(d) relating to capacity
determination may be eliminated.
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(b) Back-Pressure Test. Following the atmospheric
back-pressure test, if performed, install the discharge
arrangement required by Figure V-2.2.2.10-4 or Figure
V-2.2.6.1-1, depending on the type of back pressure
desired.

V-2.2.7.5 Testing With Superimposed Back Pressure
[See V-2.2.7.1(a)]

(a) Adjust the back pressure on the valve and the
discharge piping to the required value.
(b) Establish the set pressure, and blowdown if appli-

cable, in accordanceV-2.2.2.11. Theback pressure shall be
maintained as uniformly as possible and recorded during
the tests in V-2.2.2.11(a) and V-2.2.2.11(b).
(c) Establish and maintain flow-rating pressure until

flow instruments and back pressure gage indicate a
steady-state condition.
(d) Record the following:
(1) valve-inlet pressure
(2) valve-inlet temperature
(3) valve-disk lift
(4) flowmeter-inlet static pressure
(5) flowmeter-inlet temperature
(6) flowmeter differential pressure
(7) back pressure

(e) Decrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.
(f) In most instances, it is desirable or a requirement

that the valve be tested over a given range of back pres-
sure. In such cases, it is convenient if the value of back
pressure chosen in (a) be either the lowest or highest
of this range. Back pressure may then be increased or
decreased in increments, repeating (b) through (e)
herein at each incremental value.

V-2.2.7.6 Testing With Built-Up Back Pressure [See
V-2.2.7.1(b)]

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11. During the
V-2.2.2.11(b) test, back pressure shall be adjusted to
the desired value and recorded. Prior to repeating
tests in V-2.2.2.11(a) and V-2.2.2.11(b) as applicable in
V-2.2.2.11(c), remove any flow restriction in the discharge
test arrangement imposed during the previous test, as
failure to do so may prevent the valve from achieving
the same lift as the initial test.
(b) Establish and maintain flow-rating pressure and

back pressure until flow instruments and back pressure
gage indicate a steady-state condition.
(c) Record the following:
(1) valve-inlet pressure
(2) valve-inlet temperature
(3) valve-disk lift
(4) flowmeter-inlet static pressure
(5) flowmeter-inlet temperature
(6) flowmeter differential pressure

(7) back pressure
(d) Decrease inlet pressure slowly, and again record

reseating pressure and back pressure.
(e) In most instances, it is desirable or a requirement

that the valve be tested over a given range or back pres-
sure. In such cases, it is convenient if the value of back
pressure chosen in V-2.2.7.5(a) be either the lowest or
highest of this range. Backpressuremay thenbe increased
or decreased in increments, repeating (a) through (d)
herein at each incremental value.

V-2.2.7.7 Observation of Mechanical Characteristics.
During the testswith superimposed or built-up back pres-
sure, mechanical characteristics shall be observed by
hearing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not
reseat satisfactorily, such action shall be recorded.
Upon agreement of all interested parties, the valve
may be readjusted or repaired and retested. When
testing valves against back pressure, any range in
which the valve does not reach rated lift at the flow-
rating pressure shall be recorded.

V-2.2.7.8 Recording Additional Data. It may be desir-
able or a requirement to record pressures other than or in
addition to those listed in V-2.2.3.4. Where possible, such
recorded pressures shall be identified in accordance with
V-1.6. With closed discharge systems, it is not possible to
observe or record some characteristic pressures.

V-2.2.8 Testing With Liquids, With Back Pressure
Above Atmospheric

V-2.2.8.1 Test Arrangements.Pressure sources can be
a pump or an accumulator of liquid, in combination with
high-pressure compressed gas. Precautions shall be taken
to ensure that pressure pulsations are reduced to a
minimum. Figure V-2.2.2.3-1 shows a recommended
test arrangement, up to and including the test valve.
Figures V-2.2.2.10-4 and V-2.2.6.1-1 show discharge
arrangements for testing with superimposed and built-
up back pressure, respectively. A flowmeter [see
V-2.2.2.4(b)(1)] shall be used in either case. Instrumen-
tation shall be suitably installed to indicate or record the
following:
(a) liquid temperature
(b) flowmeter differential pressure
(c) valve-inlet pressure
(d) back pressure

V-2.2.8.2 Preliminary Tests. Preliminary tests may be
permitted for testing and adjusting operation of the test
apparatus and/or valve being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks
in the test apparatus and that all gas or air has been
vented from the component parts of the system.
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V-2.2.8.3 Details of Procedure for FlowMeasurement

(a) Atmospheric Back-Pressure Test. Tests may be
conducted to determine the performance of the valve
when discharging at atmospheric back pressure. The
valve shall be equipped with an atmospheric discharge,
as shown in Figure V-2.2.2.3-1. Test procedure shall be
in accordance with V-2.2.5.3(a) through V-2.2.5.3(d)
performing such portions of the procedure and recording
such data as has been agreed upon.
NOTE: The objectives of this portion of the test may be only to
determine and record the set pressure and closing pressure of
the valve, and the lift of the valve at the flow-rating pressure,
when the valve is discharging to atmosphere. In this case, the
portions of V-2.2.5.3(a) through V-2.2.5.3(d) relating to capacity
determination may be eliminated.

(b) Back-Pressure Test. Following the atmospheric
back-pressure test, if performed, install the discharge
arrangement required by Figure V-2.2.2.10-4 or Figure
V-2.2.6.1-1, depending on the type of back pressure
desired.

V-2.2.8.4 Testing With Superimposed Back Pressure
(See Figure V-2.2.2.10-4)

(a) Adjust thebackpressureon the valve anddischarge
piping to the required value.
(b) Establish the set pressure, and blowdown if appli-

cable, in accordance with V-2.2.2.11. The back pressure
shall bemaintained as uniformly as possible and recorded
during the tests in V-2.2.2.11(a) and V-2.2.2.11(b).
(c) Establish and maintain flow-rating pressure until

flow instruments and back pressure gage indicate a
steady-state condition.
(d) Record the following:
(1) valve-inlet pressure
(2) valve-disk lift
(3) liquid-inlet temperature
(4) flowmeter differential pressure
(5) back pressure

(e) Decrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.
(f) In most instances, it is desirable or a requirement

that the valve be tested over a given range of back pres-
sure. In such cases, it is convenient if the value of back
pressure chosen in (a) be either the lowest or highest
of this range. Back pressure may then be increased or
decreased in increments, repeating (b) through (e)
herein at each incremental value.

V-2.2.8.5 Testing With Built-Up Back Pressure (See
Figure V-2.2.6.1-1)

(a) Establish the set pressure, and blowdown if appli-
cable, in accordance with V-2.2.2.11. During the
V-2.2.2.11(b) test, back pressure shall be adjusted to
the desired value and recorded. Prior to repeating
tests in V-2.2.2.11(a) and V-2.2.2.11(b) as applicable in

V-2.2.2.11(c), remove any flow restriction in the discharge
test arrangement imposed during the previous test, as
failure to do so may prevent the valve from achieving
the same lift as the initial test.
(b) Establish and maintain flow-rating pressure and

back pressure until flow instruments and back-pressure
gage indicate a steady-state condition.
(c) Record the following:
(1) valve-inlet pressure
(2) valve-disk lift
(3) liquid-inlet temperature
(4) flowmeter differential pressure
(5) back pressure

(d) Decrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.
(e) In most instances, it is desirable or a requirement

that the valve be tested over a given range of back pres-
sure. In such cases, it is convenient if the value of back
pressure chosen in V-2.2.8.4(a) be either the lowest or
highest of this range. Backpressuremay thenbe increased
or decreased in increments, repeating (a) through (d)
herein at each incremental value.

V-2.2.8.6 Tests With Built-Up Back Pressure With
Measuring Tank. The use of volumetric or gravimetric
determination of valve discharge when testing with
built-up back pressure is permissible. In such cases,
the interested parties shall agree on a test procedure
prior to conducting the tests.

V-2.2.8.7 Observation ofMechanical Characteristics.
During the testswith superimposed or built-up back pres-
sure, mechanical characteristics shall be observed by
hearing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not
reseat satisfactorily, such action shall be recorded.
Upon agreement of all interested parties, the valve
may be readjusted, repaired, and retested. When
testing valves against back pressure, any range in
which the valve does not reach rated lift at the flow-
rating pressure shall be recorded.

V-2.2.8.8 Recording Additional Data.During the tests
with superimposed or built-up back pressure, it may be
desirable or a requirement to record pressures other than
or in addition to those listed in V-2.2.8.4 or V-2.2.8.5.
Wherepossible, such recordedpressure shall be identified
inaccordancewithV-1.6.With closeddischargesystems, it
is not possible to observe or record some characteristic
pressures.

V-2.2.9 Testing With Gas or Air, Non-reclosing
Pressure Relief Device Flow Resistance
Method

V-2.2.9.1 Test Arrangement. A recommended flow
res i s tance tes t r i g arrangement i s shown in
Figure V-2.1.9-1, which represents the test vessel and
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test device of Figure V-2.2.2.3-1. The device shall have the
same nominal pipe size dimension as the test rig. Differ-
ential pressure measurement instruments or transducers
shall be usedbetweenpressure tapsA-B, B-C, andC-D. The
primary element shall be either a subsonic-inferential
meter or a sonic-inferential meter as shown in Figure
V-2.2.2.3-1 anddescribed inpara. V-2.2.2.4(a). Instrumen-
tation for each type of meter is listed in the following:
(a) Subsonic-Inferential Meters. Measurements asso-

ciated with subsonic-inferential meters are
(1) inlet static pressure
(2) inlet temperature
(3) differential pressure

(b) Subsonic-Inferential Meters. Measurements asso-
ciated with sonic-inferential meters are

(1) inlet total (stagnation) pressure
(2) inlet total (stagnation) temperature

V-2.2.9.2 Preliminary Tests. Preliminary tests may be
permitted for testing the test apparatus. Such testsmay be
necessary to ensure the absence of leaks in the test appa-
ratus and that all differential pressure measurement
devicesare functioningproperlyandwithin theirpressure
measurement range.

V-2.2.9.3 BarometricPressure.Record thebarometric
pressure (see para. V-2.2.2.1).

V-2.2.9.4 Details of Procedure for Flow Resistance
MeasurementUsing Subsonic-Inferential-MeterMethod

(a) Install the device into the flow resistance test rig.
(b) Increase the pressure at pressure tap B. During the

interval starting at 90% of the expected set pressure, the
rate of pressure increase shall not exceed 2.0 psi/sec
(15 kPa/s) orwhatever lesser rate of increase is necessary
for the accurate reading of the pressure. Observe and
record the set pressure of the device and any other
desired or pertinent characteristics.
(c) Establish and maintain flow-rating pressure until

flow instruments indicate a steady-state condition.
(d) Simultaneously record the following measure-

ments (it is preferable to use a data acquisition system
for these measurements):

(1) test rig inlet pressure
(2) test rig inlet temperature
(3) flowmeter-inlet static pressure
(4) flowmeter-inlet total temperature
(5) flowmeter differential pressure
(6) tap B pressure
(7) differential pressure tap A-B
(8) differential pressure tap B-C
(9) differential pressure tap C-D

V-2.2.9.5 Details of Procedure for Flow Resistance
Measurement Using Sonic-Inferential-Meter Method

(a) Install the device into the flow resistance test rig.

(b) Increase the pressure at pressure tap B. During the
interval starting at 90% of the expected set pressure, the
rate of pressure increase shall not exceed 2.0 psi/sec
(15 kPa/s) orwhatever lesser rate of increase is necessary
for the accurate reading of the pressure. Observe and
record the set pressure of the device and any other
desired or pertinent characteristics.
(c) Establish and maintain flow-rating pressure until

flow instruments indicate a steady-state condition.
(d) Simultaneously record the following measure-

ments (it is preferable to use a data acquisition system
for these measurements):

(1) test rig inlet pressure
(2) test rig inlet temperature
(3) flowmeter-inlet static pressure
(4) flowmeter-inlet total temperature
(5) tap B pressure
(6) differential pressure tap A-B
(7) differential pressure tap B-C
(8) differential pressure tap C-D

V-2.2.9.6 Recording Additional Data. During the
subsonic- or sonic-inferential-meter method of test, it
may be desirable or a requirement to record pressures
o ther than or in add i t i on to those l i s t ed in
para. V-2.2.9.4 or para. V-2.2.9.5. Where possible, such
recorded pressures shall be identified in accordance
with V-1.6.

V-2.2.9.7 Resistance Testing on Non-reclosing Pres-
sure Relief Devices With Connections Not Compatible
With Figure V-2.1.9-1. The use of an adapter for
deviceswith inlet/outlet connections that are not compat-
ible with the test rigs of Figure V-2.1.9-1 is allowed
provided the devices are the same nominal size as the
test rigs and the adapter’s resistance to flow, if the
adapter constitutes part of a flow path, is properly
accounted for as follows:
(a ) Ins ta l l the adapter in to the tes t r ig o f

Figure V-2.1.9-1, and conduct three baseline flow tests
to determine the average flow resistance of the adapter.
(b) Proceedwithdetermining the flow resistance of the

combined assembly, the test device, and adapter, per
V-2.2.9.4 or V-2.2.9.5.
(c) Calculate the test device individual flow resistance,

KRi, by subtracting the average flow resistance of the
adapter. The use of, and specification of, the adapter
shall be included in the test report.

V-2.2.10 Testing Non-reclosing Pressure Relief
Devices to Determine a Set Pressure for
Incompressible Fluids

V-2.2.10.1 Test Arrangement. A recommended test
arrangement for conducting set pressure tests on incom-
pressible fluids is shown in Figure V-2.2.10.1-1. The test
arrangement shall have the same for larger nominal pipe
size dimensions as the device. Unless no portion of the
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Figure V-2.2.10.1-1
Recommended Arrangement for Conducting Opening Test on Non-reclosing Pressure Relief Devices

With Incompressible Fluids

Pressure tap located
  at the same level as the
  rupture disk device

J-tube test rig

Fluid supply
  valve

Drain valve

Optional temperature tap

Water media

High pressure
  air or gas

Control
  valve

Rupture disk
  device

Flange size shall be of the same
  size as the rupture disk device.
  Reducers can be used for smaller
  sizes of rupture disk device tests.

Nominal pipe shall be larger than or equal
  to the nominal size of the rupture disk device.
  The diameter and volume of test vessel
  should be large enough to obtain an
  accurate static pressure measurement.

Vent valve

Optional tailpiece with
  inside diameter equal
  to Figure V-2.1.9-1
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device extends into the outlet connection arrangement,
the outlet connection shall match the internal bore of
the flow resistance test arrangement of V-2.2.9. The
test medium shall be water or other suitable incompres-
sible fluid. The test shall be conducted in such a way as to
prevent compressed gas from passing through the device
at any time. After set pressure tests have been conducted,
the device shall be removed from this test arrangement
and installed within the resistance factor test arrange-
ment shown in Figure V-2.1.9-1. The device flow resis-
tance factor shall be tested per V-2.2.9 using gas or air
as the fluid.

V-2.2.10.2 Preliminary Test. Preliminary tests may be
permitted for testing and adjusting operation of the test
apparatus and/or device being tested (see V-2.1.5). Such
tests may be necessary to ensure the absence of leaks in
the test apparatus.

V-2.2.10.3 Details of Procedure for Determining a
Non-reclosing Pressure Relief Device Flow Resistance
Factor Applicable for Incompressible Fluids

(a) Install the device between the flanges of the test
apparatus.
(b) Position valves to fill the test apparatus with liquid,

and vent any trapped gas immediately upstream to the
device.
(c) Reposition valves to pressurize the system.

Increase the pressure at the pressure tap. During the
interval starting at 90% of the expected set pressure,
the rate of pressure increase shall not exceed
2.0 psi/sec (15kPa/s) or whatever lesser rate of increase
is necessary for the accurate reading of the pressure.
Observe and record the set pressure of the device and
any other desired or pertinent characteristics.
(d) Remove the device from the test apparatus. Care

shall be taken not to disturb the opening pattern of
the device.
(e) Complete the device flow resistance testing per

V-2.2.9.4 using gas or air as the test medium.

V-2.3 COMPUTATION OF RESULTS

V-2.3.1 Correction of Measured Variables

The values of measured variables shall be corrected in
accordancewith instrument calibrations. No other correc-
tions to the data are permitted.

V-2.3.2 Review of Instrument Readings

Before calculations are undertaken, the instrument
readings, as recorded in the log, shall be reviewed for
inconsistency and large fluctuation in accordance with
ASME PTC 19.1.

V-2.3.3 Use of Equation Symbols

The symbols used in this Appendix are ones that are
already in common use in the particular fields of engi-
neering involved. In a few cases, the same letter has
differentmeanings indifferentparts of theCodeaccording
to its application. In order to avoid confusion, each equa-
tion has been provided with its own list of definitions of
symbols. Users are cautioned not to assume that a symbol
has the same meaning in another equation.

V-2.3.4 Density

Computation of density shall be made from measured
values of pressure, temperature, and specific gravity.
(a) For steam and other condensible fluids, the density

ρ shall be taken as 1/v where v, the specific volume, in
ft3/lbm (m3/kg), is obtained from the latest edition of
ASME Steam Tables for steam or other established
tables for other fluids at the measured pressure and
temperature.
(b) The following relations shall be used for computing

the density of gases where the physical properties are
accurately known:

(1) For any dry gas

(U.S. Customary Units)

= P
ZRT
144

(SI Units)

= P
ZRT

(2) For dry air, ρ reduces to

(U.S. Customary Units)

= P
ZT

2.699

(SI Units)

= P
ZT

3.488

(3) For air and other gases

(U.S. Customary Units)

= GP
ZT

2.699

(SI Units)

= GP
ZT

3.488
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where
G = specific gravity with respect to dry air
x = M/Ma
M = molecular weight of gas
Ma = molecular weight of air
P = static pressure, psia (kPa)
R = gas constant, ft-lbf/lbm-°R (kPa/kgK)
x = 1,545.4/M(8.3143/M)
T = temperature, °R (K)
Z = compressibility factor as defined in the equation

of state, Pv = ZRT. If more details are desired, see
ASME PTC 19.5.

V-2.3.5 Capacity Calculations

The information in V-2.3.5.1 through V-2.3.5.7 is
provided to assist in the use of the calculation sheets
and aid in carrying out the several methods of computing
capacity. Flow equations, correction factors, and proce-
dures for calculations are in accordance with ASME
PTC 19.5.

V-2.3.5.1 Volumetric or Weighed-Water Method. This
technique requires the collectionof thedischarge from the
valveunder test either as amass or a volumeover a known
periodof time. Care shall be taken to ensure that the valve-
inlet conditions are maintained throughout the test and
that neither extraneous water is measured nor any valve
discharge is lost.
Form V-2.3.5.1-1 (Form V-2.3.5.1-1M) should be used

for recording the data and computing the results. The first
eight items on this form are primarily for identification
purposes. Items 9 through 12 record the amount of
water collected over the given time interval. Item 11 is
any leakage after the valve throat that might be at the
valve stem, drain hole in the valve, or in the discharge
piping.Themanner inwhich this leakage is tobeevaluated
shall be agreed upon by the parties to the test, and the
amount shall be added to the total accumulated (see
Item 20, Item 27, or both). Item 12 is to account for
any leakage of the condenser circulating water into the
condensate. This is determined by a condenser leakage
test, and the amount is to be subtracted from the total
accumulated (see Item 20).
Items 13 through 20 record more data and show the

calculation of the steam flow through the valve per
hour, corrected to dry and saturated conditions at the
valve inlet. In the equation for Item 20, the weight of
water accumulated is divided by the time interval and
multiplied by 60 to obtain the accumulated flow rate
in pounds-mass (kilograms) per hour. This is multiplied
by the ratio of the square root of the specific volume of the
flowing steam at the valve inlet to the specific volume of
dry and saturated steam at the inlet pressure. To this
quantity is added the valve-stem leakage. The condenser
leakage is subtracted for the test using water.

Items 21 through 25 record additional data. Item 27
determines the measured relieving capacity for a water
test with no correction being made for either specific
volume or condenser leakage (it being assumed that a
condenser was required). Item 28 provides a capacity
correction to whatever reference condition has been
specified for the test. Item 29 changes the unit to
gallons (liters) per minute at the reference condition.

V-2.3.5.2 Steam — Flowmeter Method. This tech-
nique meters the steam flow upstream of the valve
under test. Care shall be taken that all the metered
steam passes through the valve or is accounted for in
the calculations. In addition to leakage, metered steam
that does not reach the valve can occur by condensation
of the steam in connecting piping and particularly in the
test vessel.
The flow equations, correction factors, and procedures

for calculations incorporated in Form V-2.3.5.2-1 (Form
V-2.3.5.2-1M) are in accordance with ASME PTC 19.5.
Form V-2.3.5.2-1 (Form V-2.3.5.2-1M) should be used

for recording the data and computing the results. The first
eight items on this form are primarily for identification
purposes. FormV-2.3.5.2-1 (FormV-2.3.5.2-1M)proceeds
through the trial flow calculation in order to evaluate the
proper factors and goes on to Item 28, which provides the
flow rate of steam at the reference condition in pounds-
mass (kilograms) per hour.
Items 29 through 38 transfer and adjust the meter flow

to the flow through the valve. Item 35 and its use in calcu-
lating the valve-relieving capacity assumes the meter
calorimeter’s sampling tube is downstream of the
meter. If this is not the case, the subtraction should
not be made, since the correction shown is to account
for metered steam not reaching the valve. All values
used are corrected to the reference condition.

V-2.3.5.3 Liquids — Flowmeter Method. This tech-
nique meters the liquid flow upstream of the valve
under test. Care shall be taken that all the metered
liquid passes through the valve or is accounted for in
the calculations.
The flow equations, correction factors, and procedures

for calculations incorporated in Form V-2.3.5.3-1 (Form
V-2.3.5.3-1M) are in accordance with ASME PTC 19.5.
Form V-2.3.5.3-1 (Form V-2.3.5.3-1M) should be used

for recording data and computing the results. The first
eight items on this form are primarily for identification
purposes. The form proceeds through the trial flow calcu-
lation in order to evaluate the proper factors and goes on
to Item 26, the measured relieving capacity through the
meter at the meter conditions.
Items 27 through 33 provide the data and equation to

calculate the relievingcapacity at a reference condition if it
is specified by the test. The evaluation assumes no change
in fluid temperature between the meter and valve inlet.
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V-2.3.5.4 Air or Gas— Flowmeter Method. This tech-
niquemeters thegas flowupstreamof thevalveunder test.
Care shall be taken that all themetered gas passes through
the valve or is accounted for in the calculations.
The flow equations, correction factors, and procedures

for calculations incorporated in Form V-2.3.5.4-1 (Form
V-2.3.5.4-1M) are in accordance with ASME PTC 19.5.
Form V-2.3.5.4-1 (Form V-2.3.5.4-1M) should be used

for recording the data and computing the results. The first
12 items on this form are primarily for identification
purposes. FormV-2.3.5.4-1 (FormV-2.3.5.4-1M) proceeds
through the trial flow calculation to be able to evaluate the
proper factors for refinement, through the measured ca-
pacity in pounds-mass (kilograms) per hour (Item 25),
and on to the flow rate through the meter in cubic feet
(meters) per minute at some prespecified base condition.
Items 35 through 40 then provide for the calculation of

the flow through the valve in cubic feet (meters) per
minute at a reference inlet condition.

V-2.3.5.5 Air or Gas— Sonic-FlowMethod. This tech-
niquemeters thegas flowupstreamof thevalveunder test.
Care shall be taken that all themetered gas passes through
the valve or is accounted for in the calculations.
The flow equations, flow functions, correction factors,

and procedures for calculation incorporated in
Form V-2.3.5.5-1 (Form V-2.3.5.5-1M) are in accordance
with ASME PTC 19.5.
The use of Form V-2.3.5.5-1 (Form V-2.3.5.5-1M) is rec-

ommended for either air or gas, and with the addition of
basic data and valve identification, the form follows the
procedure of ASME PTC 19.5.
This calculation follows through to evaluate the flow

through the meter (Item 23) in pounds-mass (kilograms)
per hour.
Items24 through30are thenused todetermine the flow

through the valve in cubic feet (meters) per minute at a
reference condition.

V-2.3.5.6 Fuel-Gas Flow— Flowmeter Method. This
techniquemeters the gas flowupstreamof the valveunder
test. Care shall be taken that all of the metered gas passes
through the valve or is accounted for in the calculations.
The flow equations, correction factors, and procedures

for calculation incorporated in Form V-2.2.5.6-1 (Form
V-2.2.5.6-1M) are in accordance with ASME PTC 19.5.
Form V-2.2.5.6-1 (Form V-2.2.5.6-1M) should be used

for recording the data and computing the results. The first
12 items on this form are primarily for identification
purposes.
Form V-2.2.5.6-1 (Form V-2.2.5.6-1M) proceeds

through the trial flow calculation to be able to evaluate
the proper factors for refinement, through the measured
capacity in cubic feet (meters) per hour at some prespe-
cifiedbasecondition converted fromthe requiredpounds-
mass (kilograms) per hour (Item 32).

Items 35 through 40 provide for the calculation of the
flow through the valve in cubic feet (meters) perminute at
a reference inlet condition.

V-2.2.5.7 Air or Gas— Non-reclosing Pressure Relief
Device Flow Resistance Method. This technique
measures the resistance due to the presence of a non-
reclosing pressure relief device in a piping system. It is
used in conjunction with either the flowmeter or
sonic-flow methods described in V-2.3.5.4 or V-2.3.5.5,
respectively.
Form V-2.2.5.7-1 (Form V-2.2.5.7-1M) should be used

for recording the data and computing the results. The first
17 items on this form are for identification purposes and
listing of the measured variables. Item 6 is obtained from
either Form V-2.2.5.4-1 (Form V-2.2.5.4-1M) or Form
V-2.2.5.5-1 (Form V-2.2.5.5-1M). Care shall be taken
that all of themetered gaspasses through the test arrange-
ment (see Figure V-2.2.6.1-1) or is accounted for in the
calculations.
The remaining items on Form V-2.2.5.7-1 (Form

V-2.2.5.7-1M) are used to determine the resistance
factor between each of the established pressure taps.
An individual flow resistance associated with the non-
reclosing pressure relief device is then calculated from
these results.
Two test checks shall be done to verify the test results.
(a) First, verify that the value KC-D is within 3% of the

value KA-B. If not, verify that the test arrangement is prop-
erly set up. Next, run a calibration test with no non-
reclosing pressure relief device installed to verify that
the valueKC-D iswithin 3%of the valueKA-B. If so, calculate
the resistance factorKB-D =KD−KB and thepipe lengthLB-D
= LD − LB. Complete the non-reclosing pressure relief
device individual flow resistance calculation, replacing
KB-C,Kpipe B-C, and LB-CwithKB-D,Kpipe B-D, and LB-D, respec-
tively, in Items 34 and 35. This is done since the air turbu-
lence caused by the non-reclosing pressure relief device is
affecting the true pressure reading of tap C.
(b) Second, verify that the calculated pipe roughness

from Item 33 is within the range 0.0018 in. to 0.00006
in. (0.0460 mm to 0.00150 mm). This is the range for
schedule 40 clean commercial pipe.

V-2.4 TEST SUMMARY REPORT FORM

V-2.4.1 General Instructions

(a) The Report of Test shall be prepared for the
purpose of formally recording observed data and
computed results. It shall contain sufficient supporting
information to prove that all objectives of any tests
conducted in accordance with this Appendix have been
attained.
(b) Theprocedures described inV-2.3 are recommend-

ed for use in computing the test results.
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(c) TheReport ofTest shall includeParts I to IV as listed
in (1) through (4) herein. It may also be appropriate to
include any of the remaining sections, depending on the
circumstances or by agreement of multiple parties of the
test.

(1) Part I: General Information
(2) Part II: Summary of Results
(3) Part III: Description of Device Under Test
(4) Part IV: Observed Data and Computed Results
(5) Part V: Test Conditions and Corrections Agree-

ments
(6) Part VI: Test Methods and Procedures
(7) Part VII: Supporting Data
(8) Part VIII: Graphical Presentation of Back-Pres-

sure Test Results
Paragraphs V-2.4.2 through V-2.4.9 give a discussion of

each Part of the Test Report.

V-2.4.2 Part I: General Information

This Part shall include the following items:
(a) date of test
(b) location of test facilities
(c) device manufacturer’s name
(d) manufacturer’s serial number and complete iden-

tification of device
(e) inlet and outlet connections (stating size, pressure

ratings, and type, such as screwed, flanged, etc.)
(f) test conducted by
(g) representatives of interested parties
(h) object of test
(i) fluid through device (wherever applicable, give

name, molecular weight, specific gravity, and ratio of spe-
cific heats)

V-2.4.3 Part II: Summary of Results

This Part shall include those quantities and character-
istics that describe the performance of the device at test
conditions. The Test Summary Report Form for the parti-
cular test shall list thequantities, characteristics, andunits
of measurement required for the report.

V-2.4.4 Part III: Description of Device Under Test

This Part may include assembly drawings, manufac-
turing drawings, and measured dimensions. Manufac-
turing drawings for these parts may be submitted with
the assembly drawing. The dimensions of these parts
shall include the following, if applicable:
(a) bore diameter, in. (mm)
(b) seat diameter, in. (mm)
(c) seat angle, deg
(d) inlet opening diameter, in. (mm)
(e) ratio of throat diameter to the diameter of the inlet

opening
(f) actual discharge area, in.2 (mm2)

Forms V-2.4.5-1 through V-2.4.5-4 shall be used to
record this information for steam; liquids and water;
or air, gas, or fuel gas.

V-2.4.5 Part IV: Observed Data and Computed
Results

This Part shall include a record of data and calculations
required for the results of the tests. Computed results shall
include final flow measurement uncertainty. The data
shall be corrected for instrument calibrations and condi-
tions prevailing for each test run.
Thecalculations formeasured relieving capacitymaybe

made in accordance with the procedures in V-2.3 and
reported in the recommended Report of Test using
Forms V-2.4.5-1 through V-2.4.5-4 as applicable. Calcula-
tion forms are provided in V-2.3 for the following listed
fluids:
(a) steam
(b) air or gas
(c) fuel gas
(d) liquids
(e) water

V-2.4.6 Part V: Test Conditions and Corrections
Agreements

Operating conditions, such as the following, that have
been agreed upon prior to the test shall be reported for
each test:
(a) device-inlet maximum
(b) device-inlet temperature
(c) setting of device
(d) back pressure (built-up, superimposed, or both)

V-2.4.7 Part VI: Test Methods and Procedures

This Part shall include a detailed description of the
instruments and apparatus used to measure the
various quantities and procedures for observing the
mechanical characteristics of the device under test.

V-2.4.8 Part VII: Supporting Data

This Part shall include pertinent material supple-
menting data presented elsewhere in the test report,
whereby an independent verification of the report
results can be made. This material may include, but
not necessarily be limited to, the following:
(a) instrument calibration records
(b) detailed log sheets
(c) sample calculations
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TEST REPORT FORM V-2.3.5.1-1
PRESSURE RELIEF DEVICE TESTED WITH STEAM AND WATER — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Weighed-Water Method

(1) Test number
(2) Test date
(3) Manufacturer’s name

Measured Device Dimensions

Valve Non-reclosing Devices

(4) Bore diameter, in. (db)
(5) Seat diameter, in. (ds)
(6) Seat angle, deg
(7) Valve-disk lift, in. (l)
(8) Actual discharge area, in.2 (ad)

Observed Data

(9) Length of test, min (t)
(10) Mass of water or condensate, lbm (w)
(11) Valve-steam leakage, lbm/hr (wvl)
(12) Condenser leakage, lbm/hr (wcl)

STEAM
Observed Data and Computed Results at the Device Inlet

(13) Set pressure, psig (Pset)
(14) Flow-rating pressure, psia (Pf)
(15) Back pressure, psig (Po)
(16) Fluid temperature at the calorimeter, °F (Tcal)
(17) Percent quality or deg superheat
(18) Specific volume at reference condition, ft3/lbm (Vref)
(19) Specific volume at inlet conditions, ft3/lbm (Vact)
(20) Measured relieving capacity adjusted to the reference condition, lbm/hr

Wh =
60 w

t
Vact

Vref
+ wvl − wcl

WATER
Observed Data and Computed Results at the Device Inlet

(21) Set pressure, psig (Pset)
(22) Flow-rating pressure, psia (Pf)
(23) Back pressure, psig (Po)
(24) Fluid temperature, °F (T)
(25) Density of water at inlet conditions, lbm/ft3 ( act)
(26) Density of water at reference condition, lbm/ft3( ref)
(27) Measured relieving capacity, lbm/hr

Wh =
60 w

t
+ wvl

(28) Relieving capacity adjusted to water at reference condition, lbm/hr

Wr = Wh
ref

act

(29) Relieving capacity in gpm of water at reference condition (U.S. gallons), Q (gpm)

Q = 0.1247
Wr

ref

(4) Minimum holder-bore diameter, in. (db)
(5) Minimum net flow area, in.2 (a)
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TEST REPORT FORM V-2.3.5.1-1M
PRESSURE RELIEF DEVICE TESTED WITH STEAM AND WATER — SI UNITS

Observed Data and Computed Results — Weighed-Water Method

(1) Test number
(2) Test date
(3) Manufacturer’s name

Observed Data

STEAM
Observed Data and Computed Results at the Device Inlet

Wh =
60 w

t
Vact

Vref
+ wvl − wcl

WATER
Observed Data and Computed Results at the Device Inlet

(21) Set pressure, kPag (Pset)
(22) Flow-rating pressure, kPa (Pf)
(23) Back pressure, kPag (Po)
(24) Fluid temperature, °C (T)
(25) Density of water at inlet conditions, kg/m3 ( act)
(26) Density of water at reference condition, kg/m3 ( ref)
(27) Measured relieving capacity, kg/h

Wh =
60 w

t
+ wvl

(28) Relieving capacity adjusted to water at reference condition, kg/h

Wr = Wh
ref

act

(29) Relieving capacity in L/m of water at reference condition (liters), Q (L/m)

Q = 16.67
Wr

ref

Measured Device Dimensions

Valve Non-reclosing Devices

(4) Bore diameter, mm (db)
(5) Seat diameter, mm (ds)
(6) Seat angle, deg
(7) Valve-disk lift, mm (l)
(8) Actual discharge area, mm2 (ad)

(4) Minimum holder-bore diameter, mm (db)
(5) Minimum net flow area, mm2 (a)

(9) Length of test, min (t)
(10) Mass of water or condensate, kg (w)
(11) Valve-steam leakage, kg/h (wvl)
(12) Condenser leakage, kg/h (wcl)

(13) Set pressure, kPag (Pset)
(14) Flow-rating pressure, kPa (Pf)
(15) Back pressure, kPag (Po)
(16) Fluid temperature at the calorimeter, °C (Tcal)
(17) Percent quality or deg superheat
(18) Specific volume at reference condition, m3/kg (Vref)
(19) Specific volume at inlet conditions, m3/kg (Vact)
(20) Measured relieving capacity adjusted to the reference condition, kg/h
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TEST REPORT FORM V-2.3.5.2-1
PRESSURE RELIEF DEVICE TESTED WITH STEAM — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer’s name

Flowmeter Calculations

(9) Internal diameter of meter run pipe, in. (D)
(10) Meter-bore diameter, in. (d)
(11) Meter-bore diameter squared, in.2 (d2)
(12) Beta ratio (β = d/D)
(13) Trial flow coefficient (Ko)
(14) Differential pressure at the meter, inches of water (hw)
(15) Barometric pressure, psia (Pb)
(16) Static pressure at the meter calorimeter, psia (Pm)
(17) Fluid temperature at the meter calorimeter, °F (Tcal, meter)
(18) Percent quality or deg superheat
(19) Area factor for thermal expansion (Fa)
(20) Expansion factor (Y)
(21) Specific volume at flowing conditions at the meter, ft3/lbm (Vact, meter)
(22) Specific volume at reference conditions at the meter, ft3/lbm (Vref, meter)
(23) Trial flow rate, lbm/hr

Wt = 358.93 d2 Ko Fa Y
hw

Vact, meter

(24) Viscosity, lbm/ft-sec ( )
(25) Reynolds number

RD =
0.00424 Wh

(D)( )

(26) Orifice plate discharge coefficient (C)

(27) Flow coefficient

K =
C

1 − 4

(28) Flow rate (lbm/hr)

Wh =
Wt K

Ko

Vact, meter

Vref, meter

Observed Data and Computed Results at the Device Inlet

(29) Set pressure, psig (Pset) (burst pressure for non-reclosing device)
(30) Flow-rating pressure, psia (Pf)
(31) Fluid temperature at the test drum calorimeter, °F (Tcal, drum)
(32) Percent quality or deg superheat

Measured Device Dimensions

Valve Non-reclosing Devices

(4) Bore diameter, in. (db)
(5) Seat diameter, in. (ds)
(6) Seat angle, deg
(7) Valve-disk lift, in. (l)
(8) Actual discharge area, in.2 (ad)

(4) Minimum holder-bore diameter, in. (db)
(5) Minimum net flow area, in.2 (a)
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(33) Specific volume at reference condition, ft3/lbm (Vref, drum)
(34) Specific volume at inlet conditions, ft3/lbm (Vact, drum)
(35) Meter calorimeter flow, lbm/hr (Wmc)
(36) Meter calorimeter flow adjusted to the reference condition, lbm/hr

Wcal, meter = Wmc
Vact, meter

Vref, meter

(37) Test-drum calorimeter flow, lbm/hr (Wdc)
(38) Test-drum calorimeter flow adjusted to the reference condition, lbm/hr

Wcal, drum = Wdc
Vact, drum

Vref, drum

(39) Test-drum drainage, lbm/hr (Wdr)
(40) Measured relieving capacity adjusted to the reference condition, lbm/hr

Wc= Wh
Vact, drum

Vref, drum
− Wcal, meter − Wcal, drum− Wdr

TEST REPORT FORM V-2.3.5.2-1
PRESSURE RELIEF DEVICE TESTED WITH STEAM — U.S. CUSTOMARY UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet (Cont’d)
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(1) Test number
(2) Test date
(3) Manufacturer’s name

Measured Device Dimensions

Valve Non-reclosing Devices

(4) Bore diameter, mm (db)
(5) Seat diameter, mm (ds)
(6) Seat angle, deg
(7) Valve-disk lift, mm (l)
(8) Actual discharge area, mm2 (ad)

Flowmeter Calculations

(9) Internal diameter of meter run pipe, m (D)
(10) Meter-bore diameter, m (d)
(11) Meter-bore diameter squared, m2 (d2)
(12) Beta ratio (β = d/D)
(13) Trial flow coefficient (Ko)
(14) Differential pressure at the meter, millimeters of water (ΔP)
(15) Barometric pressure, kPa (Pb)
(16) Static pressure at the meter calorimeter, kPa (Pm)
(17) Fluid temperature at the meter calorimeter, °C (Tcal, meter)
(18) Percent quality or deg superheat
(19) Area factor for thermal expansion (Fa)
(20) Expansion factor (Y)
(21) Specific volume at flowing conditions at the meter, m3/kg (Vact, meter)
(22) Specific volume at reference conditions at the meter, m3/kg (Vref, meter)
(23) Trial flow rate, kg/h

Wt = 12 510 d2 Ko Fa Y
Vact, meter

(24) Viscosity, kg/m-s (μ)
(25) Reynolds number

RD =
0.35368 Wh

(D)( )

(26) Orifice plate discharge coefficient (C)

(27) Flow coefficient

K =
C

1 − 4

(28) Flow rate (kg/h)

Wh =
Wt K

Ko

Vact, meter

Vref, meter

Observed Data and Computed Results at the Device Inlet

(29) Set pressure, kPag (Pset) (burst pressure for non-reclosing device)
(30) Flow-rating pressure, kPa (Pf)
(31) Fluid temperature at the test drum calorimeter, °C (Tcal, drum)
(32) Percent quality or deg superheat

(4) Minimum holder-bore diameter, mm (db)
(5) Minimum net flow area, mm2 (a)

ΔP

TEST REPORT FORM V-2.3.5.2-1M
PRESSURE RELIEF DEVICE TESTED WITH STEAM — SI UNITS

Observed Data and Computed Results — Flowmeter Method
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(33) Specific volume at reference condition, m3/kg (Vref, drum)
(34) Specific volume at inlet conditions, m3/kg (Vact, drum)
(35) Meter calorimeter flow, kg/h (Wmc)
(36) Meter calorimeter flow adjusted to the reference condition, kg/h

Wcal, meter = Wmc
Vact, meter

Vref, meter

(37) Test-drum calorimeter flow, kg/h (Wdc)
(38) Test-drum calorimeter flow adjusted to the reference condition, kg/h

Wcal, drum = Wdc
Vact, drum

Vref, drum

(39) Test-drum drainage, kg/h (Wdr)
(40) Measured relieving capacity adjusted to the reference condition, kg/h

Wc = Wh
Vact, drum

Vref, drum
− Wcal, meter − Wcal, drum − Wdr

TEST REPORT FORM V-2.3.5.2-1M
PRESSURE RELIEF DEVICE TESTED WITH STEAM — SI UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet (Cont’d)
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TEST REPORT FORM V-2.3.5.3-1
PRESSURE RELIEF DEVICE TESTED WITH LIQUIDS — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer’s name

Measured Device Dimensions

Valve Non-reclosing Devices

(4) Bore diameter, in. (db)
(5) Seat diameter, in. (ds)
(6) Seat angle, deg
(7) Valve-disk lift, in. (l)
(8) Actual discharge area, in.2 (ad)

Flowmeter Calculations

(9) Internal diameter of meter run pipe, in. (D)
(10) Meter-bore diameter, in. (d)
(11) Meter-bore diameter squared, in.2 (d2)
(12) Beta ratio (β = d/D)
(13) Temperature upstream of the meter, °F (Tm)
(14) Differential pressure at the meter, inches of water (hw)
(15) Barometric pressure, psia (Pb)
(16) Static pressure at the meter, psia (Pm)
(17) Fluid temperature at the meter, °F (Tm)
(18) Area factor for thermal expansion (Fa)
(19) Trial flow coefficient (Ko)
(20) Fluid density at meter inlet, lbm/ft3 (ρm)
(21) Trial flow rate, lbm/hr (Wt)

Wt = 358.93 d2 Fa Ko hw m

(22) Viscosity, lbm/ft-sec ( )
(23) Reynolds number

RD =
0.00424 Wh

(D)( )

(24) Orifice plate discharge coefficient (C)

(25) Flow coefficient

K =
C

1 − 4

(26) Measured relieving capacity, lbm/hr
Wh = Wt K/Ko

Observed Data and Computed Results at the Device Inlet

(27) Set pressure, psig (Pset) (burst pressure for non-reclosing device)
(28) Flow-rating pressure, psig (Pf)
(29) Back pressure, psig (Po)
(30) Fluid temperature, °F (Tv)
(31) Density of liquid at inlet conditions, lbm/ft 3 ( act)
(32) Density of liquid at reference condition, lbm/ft3 ( ref)
(33) Relieving capacity adjusted to liquid at reference condition, lbm/hr

Wr = Wh ref / act

(4) Minimum holder-bore diameter, in. (db)
(5) Minimum net flow area, in.2 (a)
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(1) Test number
(2) Test date
(3) Manufacturer’s name

Measured Device Dimensions

Valve Non-reclosing Devices

(4) Bore diameter, mm (db)
(5) Seat diameter, mm (ds)
(6) Seat angle, deg
(7) Valve-disk lift, mm (l)
(8) Actual discharge area, mm2 (ad)

Flowmeter Calculations

(9) Internal diameter of meter run pipe, m (D)
(10) Meter-bore diameter, m (d)
(11) Meter-bore diameter squared, m2 (d2)
(12) Beta ratio (β = d/D)
(13) Temperature upstream of the meter, °C (Tm)
(14) Differential pressure at the meter, millimeters of water (∆P)
(15) Barometric pressure, kPa (Pb)
(16) Static pressure at the meter, kPa (Pm)
(17) Fluid temperature at the meter, °C (Tm)
(18) Area factor for thermal expansion (Fa)
(19) Trial flow coefficient (Ko)
(20) Fluid density at meter inlet, kg/m3 (ρm)
(21) Trial flow rate, kg/h (Wt)

Wt = 12 510 d2 Fa Ko m

(22) Viscosity, kg/m-s ( )
(23) Reynolds number

RD =
0.35368 Wh

(D)( )

(24) Orifice plate discharge coefficient (C)

(25) Flow coefficient

K =
C

1 − 4

(26) Measured relieving capacity, kg/h
Wh = Wt K/Ko

Observed Data and Computed Results at the Device Inlet

(27) Set pressure, kPag (Pset) (burst pressure for non-reclosing device)
(28) Flow-rating pressure, kPag (Pf)
(29) Back pressure, kPag (Po)
(30) Fluid temperature, °C (Tv)
(31) Density of liquid at inlet conditions, kg/m3 ( act)
(32) Density of liquid at reference condition, kg/m3 ( s)
(33) Relieving capacity adjusted to liquid at reference condition, kg/h

Wr = Wh ref / act

(4) Minimum holder-bore diameter, mm (db)
(5) Minimum net flow area, mm2 (a)

∆P

 TEST REPORT FORM V-2.3.5.3-1M
PRESSURE RELIEF DEVICE TESTED WITH LIQUIDS — SI UNITS

Observed Data and Computed Results — Flowmeter Method
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(1) Test number
(2) Test date
(3) Manufacturer’s name
(4) Test fluid
(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)
(7) Molecular weight (Mw)

Measured Device Dimensions

Valve Non-reclosing Devices

(8) Bore diameter, in.
(9) Seat diameter, in.

(10) Seat angle, deg
(11) Valve-disk lift, in. (l)
(12) Actual discharge area, in.2 (ad)

Flowmeter Calculations

(13) Internal diameter of meter run pipe, in. (D)
(14) Meter-bore diameter, in. (d)
(15) Meter-bore diameter squared, in.2 (d2)
(16) Beta ratio (β = d/D)
(17) Trial flow coefficient (Ko)
(18) Differential pressure at the meter, inches of water (hw)
(19) Barometric pressure, psia (Pb)
(20) Static pressure at the meter, psia (Pm)
(21) Fluid temperature at the meter, °F (Tm)
(22) Expansion factor (Y)
(23) Area factor for thermal expansion (Fa)
(24) Fluid density at meter inlet, lbm/ft3 (ρm)
(25) Trial flow rate (Wt), lbm/hr

Wt = 358.93 d2 Ko Y Fa hw m

(26) Viscosity, lbm/ft-sec ( )
(27) Reynolds number

RD =
0.00424 Wt

(D)( )

(28) Orifice plate discharge coefficient (C)

(29) Flow coefficient

K =
C

1 − 4

(30) Measured relieving capacity, lbm/hr

Wh =
(Wt) (K)

Ko
(31) Base pressure, psia (PB)
(32) Base temperature, °F (TB)
(33) Density of dry air at 14.696 psia and at the base temperature, lbm/ft3 (ρs)
(34) Density at base condition, lbm/ft3

b = Sg PB s/14.696

TEST REPORT FORM V-2.3.5.4-1
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flowmeter Method

(8) Minimum holder-bore diameter, in. (db)
(9) Minimum net flow area, in.2 (a)
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(35) Volumetric rate at base condition at the meter, cfm

qb =
Wh

60ρB

(36) Set pressure, psig (Pset) (burst pressure for non-reclosing device)
(37) Flow-rating pressure, psig (Pf)
(38) Temperature at the valve inlet, absolute °R (Tv)
(39) Reference temperature at the valve inlet, absolute °R (Tr)
(40) Valve-inlet temperature correction

C = Tv/TR

(41) Valve capacity at reference inlet temperature, cfm
qr = qb C

TEST REPORT FORM V-2.3.5.4-1
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — U.S. CUSTOMARY UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet
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Measured Device Dimensions

Valve Non-reclosing Devices

(8) Bore diameter, mm
(9) Seat diameter, mm

(10) Seat angle, deg
(11) Valve-disk lift, mm (l)
(12) Actual discharge area, mm2  (ad)

Flowmeter Calculations

Wt = 12 510 d2 Ko Y Fa m

(26) Viscosity, kg/m-s ( )
(27) Reynolds number

RD =
0.35368 Wt

(D)( )

(28) Orifice plate discharge coefficient (C)

(29) Flow coefficient

K =
C

1 − 4

(30) Measured relieving capacity, kg/h

Wh =
(Wt) (K)

Ko
(31) Base pressure, kPa (PB)
(32) Base temperature, °C (TB)
(33) Density of dry air at 101.33 kPa and at the base temperature, kg/m3 ( s)
(34) Density at base condition, kg/m3

b = Sg PB s/101.33

(8) Minimum holder-bore diameter, mm (db)
(9) Minimum net flow area, mm2 (a)

∆P

 TEST REPORT FORM V-2.3.5.4-1M
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — SI UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer’s name
(4) Test fluid
(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)
(7) Molecular weight (Mw)

(13) Internal diameter of meter run pipe, m (D)
(14) Meter-bore diameter, m (d)
(15) Meter-bore diameter squared, m2 (d2)
(16) Beta ratio (β = d/D)
(17) Trial flow coefficient (Ko)
(18) Differential pressure at the meter, millimeters of water (∆P)
(19) Barometric pressure, kPa (Pb)
(20) Static pressure at the meter, kPa (Pm)
(21) Fluid temperature at the meter, °C (Tm)
(22) Expansion factor (Y)
(23) Area factor for thermal expansion (Fa)
(24) Fluid density at meter inlet, kg/m3 (ρm)
(25) Trial flow rate (Wt), kg/h
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(35) Volumetric rate at base condition at the meter, m3/min

(36) Set pressure, kPag (Pset) (burst pressure for non-reclosing device)
(37) Flow-rating pressure, kPag (Pf)
(38) Temperature at the valve inlet, absolute K (Tv)
(39) Reference temperature at the valve inlet, absolute K (Tr)
(40) Valve-inlet temperature correction

C = Tv /TR

(41) Valve capacity at reference inlet temperature, m3/min
qr = qb C

 TEST REPORT FORM V-2.3.5.4-1M
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — SI UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet

qb =
Wh

60ρB
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Flowmeter Calculations

(13) Internal diameter of meter run pipe, in. (D)
(14) Meter-bore diameter, in. (d)
(15) Beta ratio (β = d/D)
(16) Meter discharge coefficient at sonic-flow conditions (C)
(17) Meter-bore area, in.2 (am)
(18) Critical flow function (C*)
(19) Barometric pressure, psia (Pb)
(20) Meter inlet stagnation pressure, psia (Ps)
(21) Meter inlet stagnation temperature, absolute °R (Ts)
(22) Measured relieving capacity, lbm/hr

Wh = 3,600 C am

Observed Data and Computed Results at the Device Inlet

(23) Set pressure, psig (Pset) (burst pressure for non-reclosing device)
(24) Flow-rating pressure, psig (Pf)
(25) Temperature at the valve inlet, absolute °R (Tv)
(26) Reference temperature at the valve inlet, absolute °R (Tr)
(27) Density of dry air at 14.696 psia and reference temperature, lbm/ft3 (ρstd)
(28) Density of fluid at reference condition, lbm/ft3

ref = Sg Pf
std

14.696

(29) Valve capacity at reference condition, cfm

qr =
Wh

60 ref
Tv / Tr

C*
Ps

1,545.4 Ts

32.2

TEST REPORT FORM V-2.3.5.5-1
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Sonic-Flow Method

(1) Test number
(2) Test date
(3) Manufacturer’s name
(4) Test fluid
(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)
(7) Molecular weight (Mw)

Measured Device Dimensions

Valve Non-reclosing Devices

(8) Bore diameter, in.
(9) Seat diameter, in.

(10) Seat angle, deg
(11) Valve-disk lift, in. (l)
(12) Actual discharge area, in.2 (ad)

(8) Minimum holder-bore diameter, in. (db)
(9) Minimum net flow area, in.2 (a)
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Measured Device Dimensions

Valve Non-reclosing Devices

(8) Bore diameter, mm 

(10) Seat angle, deg
(11) Valve-disk lift, mm (l)
(12) Actual discharge area, mm2  (ad)

Flowmeter Calculations

(13) Internal diameter of meter run pipe, m (D)
(14) Meter-bore diameter, m (d)
(15) Beta ratio (β = d/D)
(16) Meter discharge coefficient at sonic-flow conditions (C)
(17) Meter-bore area, m2 (am)
(18) Critical flow function (C*)
(19) Barometric pressure, kPa (Pb)
(20) Meter inlet stagnation pressure, kPa (Ps)
(21) Meter inlet stagnation temperature, absolute K (Ts)
(22) Measured relieving capacity, kg/h

Wh = 3 600 C am

Observed Data and Computed Results at the Device Inlet

(23) Set pressure, kPag (Pset) (burst pressure for non-reclosing device)
(24) Flow-rating pressure, kPag (Pf)
(25) Temperature at the valve inlet, absolute K (Tv)
(26) Reference temperature at the valve inlet, absolute K (Tr)
(27) Density of dry air at 101.33 kPa and reference temperature, kg/m3 ( std)
(28) Density of fluid at reference condition, kg/m3

ref = Sg Pf
std

101.33

(29) Valve capacity at reference condition, m3/min

qr =
Wh

60 ref
Tv / Tr

C*
Ps

8 314.3 Ts

(8) Minimum holder-bore diameter, mm (db)
(9) Seat diameter, mm (9) Minimum net flow area, mm2 (a)

TEST REPORT FORM V-2.3.5.5-1M
PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS — SI UNITS

Observed Data and Computed Results — Sonic-Flow Method

(1) Test number
(2) Test date
(3) Manufacturer’s name
(4) Test fluid
(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)
(7) Molecular weight (Mw)
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Flowmeter Calculations

(13) Internal diameter of meter run pipe, in. (D)
(14) Meter-bore diameter, in. (d)
(15) Meter-bore diameter squared, in.2 (d2)
(16) Beta ratio (β = d/D)
(17) Trial flow coefficient (Ko)
(18) Differential pressure at the meter, inches of water (hw)
(19) Barometric pressure, psia (Pb)
(20) Static pressure at the meter, psia (Pm)
(21) Fluid temperature at the meter, absolute °R (Tm)
(22) Expansion factor (Y)
(23) Area factor for thermal expansion, absolute °R (Fa)
(24) Compressibility at meter (Z)
(25) Density, lbm/ft3

m =
(2.69991)(Sg)(Pm)

(Tm)(Z)

(26) Trial flow rate, lbm/hr

Wt = 358.93 d2 Ko Y Fg hw m

(27) Viscosity, lbm/ft-sec ( )
(28) Reynolds number

RD =
0.00424 Wt

(D)( )

(29) Orifice plate discharge coefficient (C)

(30) Flow coefficient

K =
C

1 − 4

(31) Base pressure, psia (PB)
(32) Base temperature, absolute °R (Tb)
(33) Base compressibility factor (Zb)

(1) Test number
(2) Test date
(3) Manufacturer’s name
(4) Test fluid
(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)
(7) Molecular weight (Mw)

TEST REPORT FORM V-2.3.5.6-1
PRESSURE RELIEF DEVICE TESTED WITH FUEL GAS — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flowmeter Method

Measured Device Dimensions

Valve Non-reclosing Devices

(8) Bore diameter, in.
(9) Seat diameter, in.

(10) Seat angle, deg
(11) Valve-disk lift, in. (l)
(12) Actual discharge area, in.2 (ad)

(8) Minimum holder-bore diameter, in. (db)
(9) Minimum net flow area, in.2 (a)
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(34) Density at base temperature and pressure

ρB =
2.6991 Sg PB

Tb Zb

(35) Relieving capacity at base condition, cfh

qb =
(Wt)(K)
(Ko)(ρB)

Observed Data and Computed Results at the Device Inlet

(36) Set pressure, psig (Pset) (burst pressure for non-reclosing device)
(37) Flow-rating pressure, psig (Pf)
(38) Temperature at the valve inlet, absolute °R (Tv)
(39) Reference temperature at the valve inlet, absolute °R (Tr)
(40) Valve-inlet temperature correction

C = Tv/TR

(41) Valve capacity at reference inlet temperature, cfm

qr =
60

TEST REPORT FORM V-2.3.5.6-1
PRESSURE RELIEF DEVICE TESTED WITH FUEL GAS — U.S. CUSTOMARY UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Flowmeter Calculations (Cont’d)

(qb)(C)
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Flowmeter Calculations

(13) Internal diameter of meter run pipe, m (D)
(14) Meter-bore diameter, m (d)
(15) Meter-bore diameter squared, m2 (d2)
(16) Beta ratio (β = d/D)
(17) Trial flow coefficient (Ko)
(18) Differential pressure at the meter, millimeters of water (∆P)
(19) Barometric pressure, kPa (Pb)
(20) Static pressure at the meter, kPa (Pm)
(21) Fluid temperature at the meter, absolute K (Tm)
(22) Expansion factor (Y)
(23) Area factor for thermal expansion, absolute K (Fa)
(24) Compressibility at meter (Z)
(25) Density, kg/m3

m =
(0.003483) (Sg) (Pm)

(Tm)(Z)

(26) Trial flow rate, kg/h

Wt = 12 510 d2 Ko Y Fg m

(28) Reynolds number

RD =
0.35368 Wt

(D)( )

(29) Orifice plate discharge coefficient (C)

(30) Flow coefficient

K =
C

1 − 4

(31) Base pressure, kPa (PB)
(32) Base temperature, absolute K (Tb)
(33) Base compressibility factor (Zb)

∆P

(27) Viscosity, kg/m-s ( )

TEST REPORT FORM V-2.3.5.6-1M
PRESSURE RELIEF DEVICE TESTED WITH FUEL GAS — SI UNITS

Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer’s name
(4) Test fluid
(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)
(7) Molecular weight (Mw)

Measured Device Dimensions

Valve Non-reclosing Devices

(8) Bore diameter, mm 

(10) Seat angle, deg
(11) Valve-disk lift, mm (l)
(12) Actual discharge area, mm2  (ad)

(8) Minimum holder-bore diameter, mm (db)
(9) Seat diameter, mm (9) Minimum net flow area, mm2 (a)
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(34) Density at base temperature and pressure

ρB =
0.003483 Sg PB

Tb Zb

(35) Relieving capacity at base condition, m3/h

qb =
(Wt)(K)

Observed Data and Computed Results at the Device Inlet

(36) Set pressure, kPag (Pset) (burst pressure for non-reclosing device)
(37) Flow-rating pressure, kPag (Pf)
(38) Temperature at the valve inlet, absolute K (Tv)
(39) Reference temperature at the valve inlet, absolute K (Tr)
(40) Valve-inlet temperature correction

C = Tv /TR

(41) Valve capacity at reference inlet temperature, m3/min

qr =
60

TEST REPORT FORM V-2.3.5.6-1M
PRESSURE RELIEF DEVICE TESTED WITH FUEL GAS — SI UNITS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

Flowmeter Calculations (Cont’d)

(Ko)(ρB)

(qb)(C)
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(1) Test number
(2) Test date
(3) Manufacturer’s name
(4) Ratio of specific heats (k)
(5) Molecular weight (Mw)
(6) Measured relieving capacity, lbm/hr (Wh) (from Form V-2.3.5.4-1 or Form V-2.3.5.5-1)
(7) Base pressure, psia (PB)
(8) Base temperature, absolute °R (To)
(9) Test rig inside diameter, ft (D)

(10) Length between taps A and B, ft (LA-B)
(11) Length between taps B and C, ft (LB-C)
(12) Length between taps C and D, ft (LC-D)
(13) Pressure at tap B, psia (PtapB)
(14) Differential pressure between taps A and B, psia (∆PA-B)
(15) Differential pressure between taps B and C, psia (∆PB-C)
(16) Differential pressure between taps C and D, psia (∆PC-D)

Flow Resistance Factor Calculation

(17) Mass velocity, lb/ft2-sec (G)
G = Wh/(3,600 D2/4)

(18) Mach number at pipe entrance

M1 = G /144 PB
Y [(k + 1) /(k − 1)]

1

32.2 Mw k/(1,544 To)

Solve by iteration

Y1 = 1 +
(k − 1) M2

1

2
(19) Pressure at pipe entrance

P1 = PB
2

2 + (k − 1) M2
1

k
k − 1

(20) Temperature at pipe entrance

T1 = To (P1/PB)
(k − 1) / k

Calculate total resistance factor at each pressure tap A, B, C, and D. Repeat steps (21) through (26) for each tap.
(21) Temperature at pressure tap, absolute °R

Ttap = T1

−1 + 1 + 2 (k − 1) M 2
1 (P1/Ptap)2 [1 + (k − 1) M 2

1/2]

(k − 1) M 2
1 (P1/Ptap)2

(22) Sonic velocity at pressure tap, ft/sec

Ctap = 32.2 k 1,544 Ttap/Mw

(23) Specific volume at pressure tap, ft3/lbm

Vtap = (1,544 Ttap)/(Mw 144Ptap)

(24) Mach number at pressure tap

Mtap = G Vtap/Ctap

(25) Expansion factor at pressure tap

Ytap = 1 +
(k − 1) (Mtap)

2

2

TEST REPORT FORM V-2.3.5.7-1
NON-RECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR — U.S. CUSTOMARY UNITS

Observed Data and Computed Results — Flow Resistance

π
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(26) Total resistance factor to pressure tap

Ktap =
1/M 2

1 − 1/(Mtap)
2 − [(k + 1)/2] ln[(M 2

tap Y1)/(M
2
1 Ytap)]

k

(27) Resistance factor between pressure taps A and B

KA-B = KB − KA

(28) Resistance factor between pressure taps B and C

KB-C = KC− KB

(29) Resistance factor between pressure taps C and D

KC-D = KD − KC

(30) Friction factor

f = KA-B D/(4 LA-B)

(31) Obtain the viscosity of air atTB and PB, (centipoise)
(32) Reynolds number

NRe = D G /( /1,488)

(33) Pipe roughness, in.

E = 44.4 D 10[−1/(4 f )] − 1.256/(NRe f )]

(34) Pipe resistance factor between pressure taps B and C

Kpipe B-C =
4fLB-C

D

(35) Test object individual flow resistance

KRi = KB-C− Kpipe B-C

GENERAL NOTE: Equations for calculations are in accordance with Lapple (1943), Levenspiel (1977), and the Colebrook 
equation cited in Perry and Green (1984).

TEST REPORT FORM V-2.3.5.7-1
NON-RECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR — U.S. CUSTOMARY UNITS (CONT’D)

Observed Data and Computed Results — Flow Resistance

Flow Resistance Factor Calculation (Cont’d)
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Flow Resistance Factor Calculation

(17) Mass velocity, kg/m2-s (G)
G = Wh/(3 600 D2/4)

(18) Mach number at pipe entrance

M1 = G /1 000 PB
Y [(k + 1) /(k − 1)]

1

Mw k/(8 314.3 To)

Solve by iteration

Y1 = 1 +
(k − 1) M 2

1

2
(19) Pressure at pipe entrance

P1 = PB
2

2 + (k − 1) M2
1

k
k − 1

(20) Temperature at pipe entrance

T1 = To (P1/ PB)(k − 1) / k

Calculate total resistance factor at each pressure tap A, B, C, and D. Repeat steps (21) through (26) for each tap.
(21) Temperature at pressure tap, absolute K

Ttap = T1

−1 + 1 + 2 (k − 1) M 2
1 (P1/ Ptap)2 [1 + (k − 1) M2

1/2]

(k − 1) M 2
1 (P1/ Ptap)2

(22) Sonic velocity at pressure tap, m/s

Ctap =

(23) Specific volume at pressure tap, m3/kg

Vtap = (8.3143 Ttap)/(Mw Ptap)

(24) Mach number at pressure tap

Mtap = G Vtap/ C tap

(25) Expansion factor at pressure tap

Ytap = 1 +
(k − 1) (Mtap)

2

2

k     8 314.3    Ttap /Mw 

TEST REPORT FORM V-2.3.5.7-1M
NON-RECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR — SI UNITS

Observed Data and Computed Results — Flow Resistance

(1) Test number
(2) Test date
(3) Manufacturer’s name
(4) Ratio of specific heats (k)
(5) Molecular weight (Mw)
(6) Measured relieving capacity, kg/h (Wh) (from Form V-2.3.5.4-1M or Form V-2.3.5.5-1M)
(7) Base pressure, kPa (PB)
(8) Base temperature, absolute K (To)
(9) Test rig inside diameter, m (D)

(10) Length between taps A and B, m (LA-B)
(11) Length between taps B and C, m (LB-C)
(12) Length between taps C and D, m (LC-D)
(13) Pressure at tap B, kPa (PtapB)
(14) Differential pressure between taps A and B, kPa (∆PA-B)
(15) Differential pressure between taps B and C, kPa (∆PB-C)
(16) Differential pressure between taps C and D, kPa (∆PC-D)

π
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(26) Total resistance factor to pressure tap

Ktap =
1/M 2

1 − 1/(M tap)
2 − [(k + 1)/2] ln[(M 2

tap Y1)/(M
2
1 Ytap)]

k

(27) Resistance factor between pressure taps A and B

KA-B = KB − KA

(28) Resistance factor between pressure taps B and C

KB-C = KC − KB

(29) Resistance factor between pressure taps C and D

KC-D = KD − KC

(30) Friction factor

f = KA-B D/(4 LA-B)

(31) Obtain the viscosity of air atTB and PB, (centipoise)
(32) Reynolds number

NRe = D G/( /1 000)

(33) Pipe roughness, mm

E = 3 700 D 10[−1/(4 f )] − 1.256/(NRe f )]

(34) Pipe resistance factor between pressure taps B and C

Kpipe B-C =
4fLB-C

D

(35) Test object individual flow resistance

KRi = KB-C − Kpipe B-C

TEST REPORT FORM V-2.3.5.7-1M
NON-RECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR — SI UNITS (CONT’D)

Observed Data and Computed Results — Flow Resistance

Flow Resistance Factor Calculation (Cont’d)

GENERAL NOTE: Equations for calculations are in accordance with Lapple (1943), Levenspiel (1977), and the Colebrook 
equation cited in Perry and Green (1984).
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TEST SUMMARY REPORT FORM V-2.4.5-1
Pressure and Relief Valve Performance Test Report

STEAM

General Information

(1) Test number
(2) Test date
(3) Location
(4) Manufacturer’s name and address

(5a) Valve type or model number
(5b) Valve serial or identification number
(5c) Inlet connection (size, pressure rating, and type)
(5d) Outlet connection (size, pressure rating, and type)
(5e) Stamped pressure and tolerance, units

(6) Test objective

Summary of Test Results

(7) Simmer, units (factory setting)
(8) Simmer, units (reset)
(9) Set pressure, units (factory setting)

(10) Set pressure, units (reset)
(11) Reseating pressure, units (factory setting)
(12) Reseating pressure, units (reset)
(13) Blowdown, units (factory setting)
(14) Blowdown, units (reset)
(15) Back pressure, units (built-up, superimposed, or both)
(16) Flow-rating pressure (valve inlet), units
(17) Valve-disk lift, units
(18) Measured relieving capacity, units
(19) Final flow measurement uncertainty

Measured Valve Dimensions

(20) Bore diameter, units
(21) Seat diameter, units
(22) Seat angle, deg
(23) Valve-inlet-opening diameter, units
(24) Ratio of valve-disk lift to bore diameter
(25) Ratio of bore diameter to the diameter of the valve-inlet opening
(26) Actual discharge area, units
(27) Remarks and conclusions concerning the objective of the test and applicable items, such as chatter, flutter, and vibration.

Test Supervisor (Signed) Date
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TEST SUMMARY REPORT FORM V-2.4.5-2
Pressure and Relief Valve Performance Test Report

LIQUIDS AND WATER

General Information

(1) Test number
(2) Test date
(3) Location
(4) Manufacturer’s name and address

(5a) Valve type or model number
(5b) Valve serial or identification number
(5c) Inlet connection (size, pressure rating, and type)
(5d) Outlet connection (size, pressure rating, and type)
(5e) Stamped pressure, units

(6) Test objective
(7) Test fluid
(8) Specific gravity (ideal)

Summary of Test Results

(9) Set pressure, units (factory setting)
(10) Set pressure, units (reset)
(11) Reseating pressure, units (factory setting)
(12) Reseating pressure, units (reset)
(13) Back pressure, units (built-up, superimposed, or both)
(14) Flow-rating pressure (valve inlet), units
(15) Valve-disk lift, units
(16) Measured relieving capacity, units
(17) Final flow measurement uncertainty

Measured Valve Dimensions

(18) Bore diameter, units
(19) Seat diameter, units
(20) Seat angle, deg
(21) Valve-inlet-opening diameter, units
(22) Ratio of valve-disk lift to bore diameter
(23) Ratio of bore diameter to the diameter of the valve-inlet opening
(24) Actual discharge area, units
(25) Remarks and conclusions concerning the objective of the test and applicable items, such as chatter, flutter, and vibration.

Test Supervisor (Signed) Date
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TEST SUMMARY REPORT FORM V-2.4.5-3
Pressure and Relief Valve Performance Test Report

AIR, GAS, OR FUEL GAS

General Information

(1) Test number
(2) Test date
(3) Location
(4) Manufacturer’s name and address

(5a) Valve type or model number
(5b) Valve serial or identification number
(5c) Inlet connection (size, pressure rating, and type)
(5d) Outlet connection (size, pressure rating, and type)
(5e) Stamped pressure and tolerance, units

(6) Test objective
(7) Test fluid
(8) Specific gravity (ideal)
(9) Ratio of specific heats

(10) Molecular weight

Summary of Test Results

(11) Start-to-discharge presssure, units (factory setting)
(12) Start-to-discharge pressure, units (reset)
(13) Simmer, units (factorysetting)
(14) Simmer, units (reset)
(15) Set pressure, units (factory setting)
(16) Set pressure, units (reset)
(17) Reseating pressure, units (factory setting)
(18) Reseating pressure, units (reset)
(19) Resealing pressure, units (factory setting)
(20) Resealing pressure, units (reset)
(21) Blowdown, units (factory setting)
(22) Blowdown, units (reset)
(23) Back pressure, units (built-up, superimposed, or both)
(24) Flow-rating pressure (valve inlet), units 
(25) Valve-disk lift, units 
(26) Measured relieving capacity, units 
(27) Final flow measurement uncertainty

Measured Valve Dimensions

(28) Bore diameter, units 
(29) Seat diameter, units 
(30) Valve-inlet-opening diameter, units 
(31) Ratio of valve-disk lift to bore diameter
(32) Ratio of bore diameter to the diameter of the valve-inlet opening
(33) Actual discharge area, units 
(34) Remarks and conclusions concerning the objective of the test and applicable items, such as chatter, flutter, and vibration.

Test Supervisor (Signed) Date

ASME BPVC.XIII-2025

123



TEST SUMMARY REPORT FORM V-2.4.5-4
Non-reclosing Pressure Relief Device Performance Test Report

AIR, GAS, OR FUEL GAS

General Information

(1) Test number
(2) Test date
(3) Location
(4) Manufacturer’s name and address

(5a) Device type or model number
(5b) Device lot or identification number
(5c) Connection (size, pressure rating, and type)
(5d) Marked set pressure and tolerance, units
(5e) Minimum net flow area, units (manufacturer specified)

(6) Test objective
(7a) Test fluid for set pressure
(7b) Test fluid for flow test

(8) Specific gravity (ideal)
(9) Ratio of specific heats

(10) Molecular weight

Summary of Test Results

(11) Set pressure, units
(12) Flow-rating pressure at device inlet, units
(13) Resistance factor (KRi)

Measured Device Dimensions

(14) Minimum device bore diameter, units
(15) Remarks and conclusions concerning the objective of the test and applicable items, such as vibrations.

Test Supervisor (Signed) Date
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V-2.4.9 Part VIII: Graphical Presentation of Back-
Pressure Test Results

Where a series of tests have been made with several
back pressures for a given opening pressure, the test
results can be presented by plotting curves, such as
the following:
(a) Abscissa: back pressures in percent of the opening

pressure at atmospheric back pressure
Ordinate: percent variation of opening pressures from

the opening pressure at atmospheric back pressure
(b) Abscissa: back pressures in percent of the relieving

pressure at atmospheric back pressure
Ordinate: relieving capacities in percent of relieving ca-

pacity at atmospheric back pressure
(c) Abscissa: back pressures in percent of the opening

pressure at atmospheric back pressure
Ordinate: percent variation of closing pressures from

the closing pressure at atmospheric back pressure

ARTICLE V-3
IN-SERVICE AND BENCH TESTING

V-3.1 GUIDING PRINCIPLES

V-3.1.1 Items on Which Agreement Shall Be
Reached

The parties to the test shall reach agreement on the
following items prior to conducting the test:
(a) object of the test
(b) parties to the test
(c) test site
(d) testing fluid
(e) methods of measurement, instrumentation, and

equipment to be used (calibration of instruments shall
be in accordance with V-2.1.7)
(f) number, size, type, condition, source, and set pres-

sure of the devices to be tested
(g) method of determining seat tightness
(h) persons who shall conduct the test
(i) the written test procedure that shall include the

observation and readings to be taken and recorded to
comply with the object or objectives of the test

V-3.1.2 Qualification of Person Conducting the
Test

A person who conducts the test shall have a working
knowledge of pressure relief device operating character-
istics. The person shall have practical experience in the
safe and accurate operation of the testing equipment.

V-3.1.3 Responsibility of Person Conducting the
Test

Apersonwhomeets thequalificationsofV-3.1.2 shall be
present at all times during the test and shall be solely
responsible for ensuring that all personswho are involved
in taking readings, making pressure and temperature
adjustments, or any other function that will affect the
test results are fully informed as to the correct method
of performing such functions. This person conducting
the test shall also be responsible for ensuring that the
written test procedures are followed. This person shall
sign and date the test report, thereby verifying to the
best of the person's knowledge that the report is
correct and that the test was conducted in accordance
with the written test procedures. This person shall
verify that the instruments have been calibrated as
required by V-3.1.7.

V-3.1.4 Test Apparatus

Procedures and arrangement of the test apparatus shall
be in accordance with V-3.2.

V-3.1.5 Preliminary Training

Sufficient training shall be conducted to ensure that
operating personnel are completely familiar with the
test equipment and their respective assignments.

V-3.1.6 Spare Instruments

If intended for use as replacements during the test,
spare instruments shall be calibrated in accordance
with V-3.1.7.

V-3.1.7 Calibration of Instruments

Each instrument used during the test shall be serialized
or otherwise positively identified and shall be calibrated
against certified equipment having known valid relation-
ships to nationally recognized standards. Each instru-
ment, depending on the type, shall be calibrated in
accordance with V-3.1.7.1 through V-3.1.7.3. Records of
instrument calibrations shall be available for review by
the interested parties.

V-3.1.7.1 Pressure. Pressure-measuring instruments
shall be calibrated in accordance with ASME PTC 19.2
within 30 days prior to the tests. Portable pressure-
measuring instruments shall be calibrated at a frequency
to ensure that measurements are within the uncertainty
limits. Calibration of other means of indicating or
recording pressure shall be agreed upon by the interested
parties.

V-3.1.7.2 Temperature. Temperature-measuring
instruments shall be calibrated in accordance with
ASME PTC 19.3. Instruments of the types listed in
V-2.2.2.2(a), except bimetallic thermometers, shall be
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calibrated to at least two temperatures within a 90-day
periodpreceding the test or series of tests. Bimetallic ther-
mometers shall be calibrated before and after each test or
series of tests. Calibration of other means of indicating or
recording temperature shall be agreed upon by the inter-
ested parties.

V-3.1.7.3 Force. Force-measuring instruments shall be
calibratedat a time interval to ensure thedesiredaccuracy
using secondary force-measuring standards. Secondary
force-measuring standards, such as higher accuracy
force transducers or force proving rings, shall be cali-
brated at least once per year against a standard that is
traceable to a nationally recognized standard.

V-3.1.8 Adjustments During Test

If adjustments are necessary during in-service or bench
testing, a sufficient number of tests shall be performed to
determine final operating characteristics.

V-3.1.9 Records and Test Results

The test records shall include all observations,
measurements, instrument readings, and instrument
identification (if required) for the objectives of the
test. The parties of the test shall agree upon the respon-
sibility of record retentionanddistribution. Corrections to
data and corrected values shall be entered separately in
the test record. The test shall be reported in accordance
with V-3.4 of this Appendix.

V-3.1.10 Measurement Uncertainty

A pretest determination shall be performed to deter-
mine that the limits of uncertainty of the final measure-
ment specified in V-1.3 can be met by the specified
instrumentation and procedures. A post-test uncertainty
analysis shall also be performed unless the parties to the
test agree and verify that the specified instrumentation
and procedures, including data scatter, were used and
carried out in accordance with the test specification,
thereby confirming the post-test validity of the pretest
uncertainty determination. A guide for such determina-
tion is given in ASME PTC 19.1. These determinations
shall be documented by the facility and available for
review.

V-3.2 INSTRUMENTS AND METHODS OF
MEASUREMENTS

V-3.2.1 General

Subarticle V-3.2 describes the instruments, methods,
procedures, and precautions that shall be used in
testing pressure relief devices under this Appendix.
The Performance Test Code Supplements on Instruments
and Apparatus provide authoritative general information

concerning instruments and their use and may be
consulted for such information.

V-3.2.2 Instrumentation

Where measurements of temperature, pressure, or lift
are required in this Appendix, the instrumentation used
shall comply with the specifications in V-3.2.2.1 through
V-3.2.2.3.

V-3.2.2.1 Temperature. Instructions on thermometers
or thermocouples and associated instruments are given in
ASME PTC 19.3, except that commercial, metal-encased
thermometers shall not be used in tests conducted
under this Appendix. Other means of temperature
measurement and indication may be used, provided
they are of the same or greater degree of accuracy as
for those described therein.
(a) Depending on operating conditions, or conveni-

ence, the temperature may be measured with certified
or calibrated liquid-in-glass thermometers, bimetallic
thermometers, resistance-type thermometers, or thermo-
couples. All of the above may be inserted directly into the
pipe or wells except for liquid-in-glass thermometers,
which shall be inserted into wells. The installation of
the temperature-measuring device directly into the
pipe, without the addition of a well, is desirable for
temperatures below 300°F (150°C).
(b) The following precautions shall be taken when

making any temperature measurements:
(1) No significant quantity of heat shall be trans-

ferred by radiation or conduction to or from the tempera-
ture-measuring device other than by the temperature of
the medium being observed (see ASME PTC 19.3).

(2) The immediate vicinity of the point of insertion
and external projecting parts shall be insulated.

(3) The temperature-measuring device shall extend
across the centerline in pipes of small diameter or shall be
inserted at least 6 in. (150 mm) into the fluid stream in
pipes over 12 in. (300 mm) in diameter.

(4) Temperature-measuring devices installed in
pipes carrying compressible fluids shall, wherever
possible, be installed at locations where the maximum
fluid velocity does not exceed 100 ft/sec (30 m/s).
Where such an installation is not possible, it may be nec-
essary to correct the temperature readings to the appro-
priate static or total temperature (see Bean, 1971, para.
I-3-17).

(5) The temperature-measuring devices shall be
inserted in locations so as to measure temperatures
that are representative of the flowing medium as
described under test arrangements.
(c) Thermometer wells, when used, shall be of the type

shown in ASME PTC 19.3. They shall be as thin walled and
of as small a diameter as practicable; their outer surfaces
shall be substantially free from corrosion or foreign
matter. The well shall be filled with a suitable fluid.
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Mercuryshouldnotbeused for this fluid since its very low-
vapor pressure presents a serious health hazard to per-
sonnel.
(d) Thermocouples, if used, shall have a welded hot

junction and shall be calibrated together with their exten-
sionwiresover theanticipatedoperating range.They shall
be constructed of materials suitable for the temperature
and fluid being measured. The electromotive force of a
thermocouple shall be measured by a potentiometric
instrument or millivoltmeter of such precision that the
accuracy of the overall system is within the limit specified
in V-1.3. The cold junction shall be established by an ice
bath, reference standard, or compensating circuit built
into the potentiometer.

V-3.2.2.2 Pressure Measurements. Instructions on
pressure gages, water U-tubes, differential gages, and
manometers are given in ASME PTC 19.2. Other means
of pressure measurements and indication may be used
provided they are of the same or greater degree of accu-
racy as those described therein.
(a) Pressure-measuring stations shall be located in the

region where the flow is essentially parallel to the pipe or
vessel wall. For the measurement of static gage-pressure
differentials below 15 psi (100 kPa), liquid manometers
may be used.
(b) Pressure relief device-inlet pressure shall be the

static pressure as measured with a pressure tap posi-
tioned as shown in Figures V-3.2.2.2-1 and V-3.2.2.2-2.
(c) Back pressure shall be the static pressuremeasured

wi th a pressure tap pos i t i oned as shown in
Figures V-2.2.2.10-2, V-2.2.2.10-4, and V-2.2.6.1-1.
(d) Proper corrections to thepressure readings shall be

made if there is a height of water or other liquid between
the point at which the pressure is to be measured and the
pressure instrument.

V-3.2.2.3 Valve-Lift Measurements

(a) The lift of the valve disk, under testing conditions,
shall be determinedby suitablemeans towhatever degree
of accuracy is imposed by the procedure under which the
valve is being tested.
(b) In open- or vented-bonnet designs, when the top of

the spindle may be exposed during the tests, an indicator
of appropriate range may be attached to the top of the
valve to indicate the movement of the spindle. In
closed-bonnet valves where the top of the spindle
cannot be exposed, arrangements shall be made to
permit indicating, reading, or recording spindle move-
ment outside the valve bonnet or cap. In either case,
care shall be exercised that the arrangement does not
impose an additional load on the valve spindle or interfere
with the operation of the valve.
Erroneous lift indications are possible under conditions

of testing valves with fluids at elevated temperatures. The
temperature of the fluid may cause thermal expansion of
the valve parts, producing an erroneous initial reading on

the lift indicator. When extreme accuracy in results is
desired, measures shall be taken to distinguish
between this thermal expansion and actual valve lift.

V-3.2.3 In-Service Testing Procedures
V-3.2.3.1 General Features of Tests

(a) These valve tests are designed to ensure service
readiness for valve set pressure and operation, not neces-
sarily to demonstrate total valve conformance to this
Appendix or its specifications. The test methods per
V-3.2.3.2 or V-3.2.3.3 are acceptable to meet this require-
ment subject to agreementbetween the interestedparties.
(b) As a safety precaution, all operating personnel shall

be properly trained in the appropriate test equipment
procedures, test preparations, and emergency plans.
Care shall be taken to protect personnel from elevated
temperature, noise levels, and escaping fluids during
testing. Prior to testing, a visual inspection of the valve
is recommended. Observations should include the
following as a minimum:

(1) gagging of the valve
(2) valve leakage
(3) inspection of discharge piping
(4) corrosion or residue
(5) installation of appropriate cap and lever
(6) seal integrity (to ensure against unauthorized

adjustment)
(7) proper valve installation

CAUTION: Valves should be gagged during inspection when
personnel are within close proximity to the valve, provided
adequate overpressure protection of the system is main-
tained. The gag should be removed from the valve following
inspection and prior to the test. Gagging of valves should be
performed in accordance with the instructions outlined by
the valve manufacturer.

(c) A suitable pressure measurement instrument
meeting the requirements of V-3.2.2.2 shall be installed
at a location that allows accurate measurement of
system pressure at the valve inlet. Other measurement
instruments used with various test devices shall be in
conformance with the requirements of the device manu-
facturer.

V-3.2.3.2 Test Methods

(a) Testing With System Pressure. The pressure to the
valve inlet is increased until the set pressure is reached.
Observe and record the set pressure of the pressure relief
device and any other desired or pertinent valve charac-
teristics. Gradually decrease the inlet pressure until the
valve closes, and, if required, record the reseat pressure.
This test shall be repeated such that the operational char-
acteristics can be computed in accordance with the re-
quirements of V-3.3.3.
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Figure V-3.2.2.2-1
Recommended Arrangement for Testing Valves With Compressible Fluids

Optional location
  for control valve

Sufficient volume of test
  pressure to allow a cushion
  of compressible fluid for
  proper disk reseating

Outlet diameter of pressure
  vessel should not be less than
  the  inlet connection of the
  largest valve to be treated

Drain 
  valve

Relief
  valve

Temperature
  gage

Bypass
  valve

Device to measure stem
  lift or movement

Flanged 
  reducing
  adapter

Nozzle connection: 
   see Figure V-2.2.2.10-1

Test
  valve

Exhaust pipe I.D. larger than
  test valve outlet connection
  to prevent back pressure

Pressure tap located as close as possible
  to inlet of test valve for electronic pressure
  transducer or pressure gage
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Figure V-3.2.2.2-2
Recommended Arrangement for Testing Valves With Incompressible Fluids

Fluid supply

  valve

Drain valve

High pressure

  air or gas

Control

  valve

Device to measure stem

  lift or movement

Flanged reducing

  adapter

Temperature

  gage

Test valve

Outlet diameter of pressure

  vesel should not be less than

  the inlet connection of the

  largest valve to be treated

Pressure tap located as close as possible

  to inlet of test valve for electronic pressure

  transducer or pressure gage
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Test conditions such as ambient temperature, valve
temperature, fluid conditions, back pressures, and instal-
lation conditions should approximate the normal oper-
ating conditions under which the pressure relief valve
would be exposed.
Seat leakage testing should be conducted per the re-

quirements of V-3.2.5.
(b) TestingWithOtherPressureSources.Oninstallations

with pilot-operated pressure relief valves where
increasing system pressure above normal operating pres-
suremaynotbedesirable,afieldtestaccessorymaybeused
in accordance with the valve manufacturer’s recommen-
dations to determine set pressure. See Figure V-3.2.3.2-1
for a typical arrangement using a field test accessory.
Tests by this method shall be repeated such that the

operational characteristics can be computed in accor-
dance with the requirements of V-3.3.3.
(c) Testing With Auxiliary Lift-Assist Devices. On valve

installations where increasing system pressure above
normal operating pressuremay not be desirable, auxiliary
lift devices may be used in accordance with the valve lift-
assist device manufacturer’s procedure and the manufac-
turer’s recommendations. The valve opening is character-
ized by an audible sound, momentary drop in assist load,
or system fluid release. At the time of the opening, simul-

taneous readings of system pressure and applied load are
recorded. The load is released from the lift-assist device.
Valve set pressure may be presented graphically or be
calculated using measured system pressure, measured
lifting force, and the effective area of the valve seat.
The effective area of the valve seat can be calculated
from characterization tests or tests where the lift-
assist test is performed and the results compared with
a full pressure test. Before initial use of the lift-assist
device, function and valve effective seat area shall be vali-
dated by demonstrating that the calculated set pressure
determined by the lift-assist test compareswith the actual
set pressure determined by a full pressure test within an
acceptable deviation agreed to by the parties of the test.
Validation tests may be required for the specific valve
design, size, and fluid conditions of the test. This test
shall be repeated such that the operational characteristics
can be computed in accordance with the requirements of
V-3.3.3. Valve reseat pressure cannot be determinedusing
this testmethod. Valve control elements shall be set to the
valve manufacturer’s specification.

CAUTION: Auxiliary lift devices can cause valve damage at
inlet pressure too low relative to valve-set pressure.
Auxiliary lift devices may not provide reliable results if
there is damage to valve internal parts or if the valve
has excessive leakage.

Figure V-3.2.3.2-1
Field Test Accessory for Pilot-Operated Pressure Relief Valve
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V-3.2.3.3 In-Service Verification of Pressure-
Relieving Capacity

(a) If the parties of the test agree, an approximation of
the relief valve flowing capacity can be determined in-
service following completion of one of the tests described
in V-3.2.3.2. In most cases, the purpose of such tests is to
verify that the pressure-relieving devices in service are of
adequate size to prevent an overpressure condition.
CAUTION: Precautions shall be taken during the tests to
ensure that the maximum allowable working pressure of
the system being protected is not exceeded beyond permis-
sible safe limits. Therefore, the safety procedures noted in
V-3.2.3.1(b) should be applied during the test.

(b) An accumulation test may be used if a quantitative
value of capacity is not desired. Such a test is conducted by
shutting off all the outlets from the vessel andmaximizing
the energy and mass flow input, which will be relieved by
the pressure relief device. If the device is properly sized,
the pressure in the vessel should not rise above a prede-
termined acceptable point. This method should not be
used on a steam boiler with a superheater or reheater
on a high-temperature water boiler.
(c) An estimated quantitative measure of flowing ca-

pacity can be determined for pressure relief valves
mounted on steam boilers. As in the accumulation test
described herein, all steam discharge outlets are shut
while firing the boiler at a controlled rate sufficient to
keep the valve open at a specified pressure. While main-
taining steady steaming conditions over a long period of
time, pressure relief valve capacitymaybe estimated from
a measure of the rate of feed water input to the boiler.
(d) Other test arrangementsmaybeused if agreed toby

all interested parties. As an example, the arrangements
may include the attachment of a vessel to the valve
outlet for collection of the discharged fluid and release
to atmosphere through a flowmetering device. Precau-
tions shouldbe taken toensure that thebuilt-upbackpres-
sure that may result does not affect the valve operation.

V-3.2.4 Bench Testing Procedures

V-3.2.4.1 General Features of Tests. There shall be
assurance that the pressure relief devices are properly
assembled with components that meet the design spec-
ification requirements. The pressure relief device shall
be clean and ready for test.
The pressure relief device to be tested shall be installed

on a test vessel with adapter fittings (flanged, screwed,
welded, etc.). See Figure V-2.2.2.10-1 for acceptable
adapter fitting contours for minimum inlet pressure
drop. Other adapter fittings may be used provided the
accuracy of the test is not affected. Operating and envir-
onmental conditions shall be maintained in accordance
with the requirements of the procedure used. The dura-
tion of the test shall be that required to obtain the nec-
essary performance data under stable conditions.

V-3.2.4.2 Compressible Fluids

(a) Valves marked for steam service shall be tested on
steam. Valvesmarked for air, gas, or vapor service shall be
tested with air or gas.
(b) Pressure relief valve-inlet pressure shall be the

static pressure as measured with a pressure tap posi-
tioned as shown in Figure V-3.2.2.2-1.
NOTE: For steam testing, the quality of the steam may affect the
operational characteristics of the valve. The steam quality may
be affected by inadequate moisture separation, an underheated
test vessel, or improper steam trap operation.

(c) Increase thepressureat thevalve inlet to90%of the
expected set pressure. Then increase at a rate equal to 2%
of set pressure per second or at a rate that permits accu-
rate pressure readings. Observe and record the set pres-
sure and other pertinent valve characteristics. Decrease
the inlet pressure until the valve closes.
This test shall be repeated such that operational char-

acteristics can be computed in accordance with V-3.3.3.
(d) To obtain an accurate reseat pressure measure-

ment, an adequate volume of test medium is required
at the valve inlet. When determining this volume, consid-
eration shall be given to the cycle time and size of the
device being tested relative to the rate of supply of the
test medium.

V-3.2.4.3 Incompressible Fluids

(a) Valvesmarked for liquid service shall be testedwith
water or another suitable liquid.
(b) Pressure relief valve-inlet pressure shall be the

static pressure as measured with a pressure tap posi-
tioned as shown in Figure V-3.2.2.2-2.
(c) Increase thepressureat thevalve inlet to90%of the

expected set pressure. Then increase at a rate equal to 2%
of set pressure per second or at a rate that permits accu-
rate pressure readings. Observe and record the set pres-
sure and other pertinent valve characteristics. Decrease
the inlet pressure until the valve closes.
This test shall be repeated such that operational char-

acteristics can be computed in accordance with V-3.3.3.

V-3.2.5 Seat Tightness Test

Seat tightness can be determined, when required, using
API Standard 527 or another method agreed to by the
parties of the test. These methods may include wet
paper towel, soap bubble, cold bar, mirror, or fluid collec-
tion tests.

V-3.3 COMPUTATION OF RESULTS

V-3.3.1 Correction of Measured Variables

The values of measured variables shall be corrected in
accordancewith instrument calibrations. No other correc-
tions to the data are permitted.
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V-3.3.2 Review of Instrument Readings

Before calculations are undertaken, the instrument
readings recorded in the log shall be reviewed for incon-
sistency and large fluctuation in accordance with ASME
PTC 19.1.

V-3.3.3 Computation of Operational
Characteristics

When specified in V-3.2 to determine specific opera-
tional characteristics, the result will be computed as
per V-3.3.3.1 through V-3.3.3.3.

V-3.3.3.1 SetPressure.Thecomputed set pressurewill
be the average of at least the last threemeasured set pres-
sures once established and stabilized. A set pressure is
considered stable when the measured set pressures
show no significant upward or downward trend
whereby all arewithin ±1%or ±0.5 psi (4 kPa), whichever
is greater, of the computed set pressure.

V-3.3.3.2 Blowdown. The computed blowdown shall
be the average of the individual blowdowns of those
tests used to determine the computed set pressure in
V-3.3.3.1.

V-3.3.3.3 Lift.The computed lift shall be the average of
the individual lift measurements of those tests used to
determine the computed set pressure.

V-3.4 TEST SUMMARY REPORT FORM

V-3.4.1 General Instructions

(a) The Report of Test shall be prepared for the
purpose of formally recording observed data and
computed results. It shall contain sufficient supporting
information to prove that all objectives of any tests
conducted in accordance with this Appendix have been
attained.
(b) Theprocedures described inV-3.3 are recommend-

ed for use in computing the test results.
(c) TheReport ofTest shall includeParts I to IV as listed

in (1) through (4) herein and may include any of the
remaining parts as agreed to by the contracting parties.

(1) Part I: General Information
(2) Part II: Summary of Results
(3) Part III: Description of Valve Under Test
(4) Part IV: Observed Data and Computed Results
(5) Part V: Test Conditions and Corrections Agree-

ments
(6) Part VI: Test Methods and Procedures
(7) Part VII: Supporting Data

Paragraphs V-3.4.2 through V-3.4.8 give a discussion of
each Part of the Test Report.

V-3.4.2 Part I: General Information

Part I shall include the following items:
(a) date of test
(b) location of test facilities
(c) valve manufacturer’s name
(d) valve type or model number
(e) valve identification
(f) marked set pressure
(g) inlet and outlet connection sizes
(h) person conducting test
(i) operational characteristics to be measured
(j) test fluid

V-3.4.3 Part II: Summary of Results

Part II shall include those computed valueswith units of
measurement and characteristics listed in V-3.4.2 that
describe the performance of the valve at test conditions.

V-3.4.4 Part III: Description of Valve Under Test

Part III may include assembly drawings, manufacturing
drawings, and measured dimensions. Manufacturing
drawings for these parts may be submitted with the
assembly drawing. The dimensions of these parts shall
include the following, if applicable:
(a) bore diameter, in. (mm)
(b) seat diameter, in. (mm)
(c) seat angle, deg
(d) inlet opening diameter, in. (mm)
(e) ratio of throat diameter to the diameter of the inlet

opening
(f) actual discharge area, in.2 (mm2)

V-3.4.5 Part IV: Observed Data and Computed
Results

Part IV shall include a record of data and calculations
required for the results of the tests. The data shall have
been corrected for instrument calibrations and conditions
prevailing for each test run.

V-3.4.6 Part V: Test Conditions and Corrections
Agreements

Operating conditions, such as the following, that have
been agreed upon prior to the test shall be reported for
each test:
(a) valve-inlet maximum pressure
(b) valve-inlet temperature
(c) valve temperature profile

V-3.4.7 Part VI: Test Methods and Procedures

Part VI shall include a description of the instruments
and apparatus used to measure the various quantities
and procedures for observing the mechanical character-
istics of the valve under test.
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V-3.4.8 Part VII: Supporting Data

Part VII shall include pertinent material supplementing
data presented elsewhere in the report, whereby an inde-
pendent verification of the report results can be made.
This material may include, but not necessarily be
limited to, the following:

(a) instrument calibration records
(b) detailed log sheets
(c) sample calculations
(d) graphical presentation of data
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NONMANDATORY APPENDIX A
GUIDANCE FOR THE USE OF U.S. CUSTOMARY AND SI UNITS IN

THE ASME BOILER AND PRESSURE VESSEL CODE

A-1 USE OF UNITS IN EQUATIONS

The equations in this Section are suitable for use with
either theU.S. Customary or the SI units provided in 1.5, 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 it is
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.

A-2 GUIDELINES USED TO DEVELOP SI
EQUIVALENTS

The following guidelines were used to develop SI
equivalents:
(a) U.S. Customaryunits areplaced inparenthesesafter

the SI units in the text.
(b) In general, both SI and U.S. Customary tables are

provided if interpolation is expected. The table designa-
tion (i.e., table number) is the same for both the SI andU.S.
Customary tables, with the addition of an “M” after the
table number for the SI table. In the text, references to
a table use the primary table number followed by the
secondary table number in parentheses. For some
small tables, where interpolation is not required, U.S.
Customary units are placed in parentheses after the SI
units.
(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 implemented by 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 20 684.27 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
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Table continued

Size, in. Size, mm
21∕4 57
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 1 000
54 1 350
60 1 500
72 1 800

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 1 000
NPS 31∕2 DN 90 NPS 42 DN 1 050
NPS 4 DN 100 NPS 44 DN 1 100
NPS 5 DN 125 NPS 46 DN 1 150
NPS 6 DN 150 NPS 48 DN 1 200
NPS 8 DN 200 NPS 50 DN 1 250
NPS 10 DN 250 NPS 52 DN 1 300
NPS 12 DN 300 NPS 54 DN 1 350
NPS 14 DN 350 NPS 56 DN 1 400
NPS 16 DN 400 NPS 58 DN 1 450
NPS 18 DN 450 NPS 60 DN 1 500

(h) Areas in square inches (in.2) were converted to
square millimeters (mm2), and areas in square feet
(ft2) were converted to squaremeters (m2). See examples
in the following table:

Area
(U.S. Customary)

Area
(SI)

1 in.2 650 mm2

6 in.2 4 000 mm2

10 in.2 6 500 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

ASME BPVC.XIII-2025

135



(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

Table continued

Temperature,
°F

Temperature,
°C

1,900 1 040
2,000 1 095
2,050 1 120

A-3 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 appropriate 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

differences only
°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 B
STOP VALVES USED IN PRESSURE RELIEF SYSTEMS

B-1 INTRODUCTION

This Appendix provides guidance for the installation
and use of stop valves in pressure relief systems. The
use of stop valves in pressure relief systems is determined
by the equipment’s code or standard. Where their use is
permitted, stop valves shall be installed in accordance
with the equipment’s code or standard unless the code
or standard has also adopted by reference this Appendix.
In addition, the use of stop valves may involve jurisdic-
tional approval. Where a code, standard, or jurisdictional
authority does not address the use of stop valves,
the guidance in this Appendixmay be used. In these situa-
tions, substitute the term “pressurized equipment” for
“vessel(s).”

B-2 STOP VALVES LOCATED IN THE RELIEF PATH

(a) Stop valves may be located within the relief path as
provided for inB-6 throughB-9but onlywhenspecifiedby
the user. The responsibilities of the user are summarized
in B-4. The specific requirements in B-6 through B-9 are
not intended toallow fornormaloperationabove thepres-
surized equipment’s maximum allowable working pres-
sure (MAWP).
(b) The pressure relief path shall be designed such that

the pressure in the equipment being protected does not
exceed itsMAWPbefore thepressureat thepressure relief
device reaches its set pressure and the pressure does not
exceed the pressurized equipment’s maximum permis-
sible relief pressure of the governing code.

B-3 DEFINITIONS
administrative controls: procedures that, in combination
with mechanical locking elements, are intended to ensure
that personnel actions do not compromise the overpres-
sure protection of the equipment. They include, as a
minimum, documented operation and maintenance
procedures, and the training of operator andmaintenance
personnel in these procedures.
full-area stop valve: a valve in which the flow area of the
valve is equal to or greater than the inlet flow area of the
pressure relief device.

management system: the collective application of admin-
istrative controls, valve operation controls, and valve
failure controls in accordancewith the applicable require-
ments of this Section.
mechanical locking elements: elements thatwhen installed
on a stop valve provide a physical barrier to the operation
of the stop valve such that the stop valve is not capable of
being operated unless a deliberate action is taken to
remove or disable the element. Such elements, when
used in combination with administrative controls,
ensure that the equipment overpressure protection is
not compromised by personnel actions. Examples of
mechanical locking elements include locks (with or
without chains) on the stop valve handwheels, levers,
or actuators, and plastic or metal straps (car seals)
that are secured to the valve in such a way that the
strap must be broken to operate the stop valve.
pressure relief path: path consisting of all equipment, pipe,
fittings, and valves in the flowpath between any protected
equipment and its pressure-relieving device, and between
the pressure-relieving device and the discharge point of
the relieving stream. Stop valves within a pressure relief
path include, but are not limited to, those located directly
upstream and downstream of the pressure relief device
(PRD) that may be provided exclusively for PRD mainte-
nance.
valve failure controls: measures taken in valve design,
configuration, and/or orientation for the purpose of
preventing an internal failure of a stop valve from
closing and blocking the pressure relief path. An
example of valve failure controls is the installation of
gate valves with the valve stem oriented at or below
the horizontal position.
valve operation controls: devices used to ensure that stop
valves within the pressure relief path are in their proper
(open/closed) position. They include the following:
(a) mechanical interlocks designed to prevent valve

operations that could result in the blocking of a pressure
relief path before an alternative pressure relief path is put
into service. Mechanical interlocks include physical
linkages such as shafts or levers between stop valves
and key-based interlocking systems.
(b) instrumented interlocks that function in a way

similar to mechanical interlocks, except that instrument
permissives and/or overrides are used instead of
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mechanical linkages or devices to prevent valve positions
that block the pressure relief path.
(c) three‐way valves designed to prevent a flow path

from being blocked unless another flow path is simulta-
neously opened.

B-4 RESPONSIBILITIES

The user has the responsibility to establish and main-
tain a management system that ensures a vessel is not
operatedwithout overpressure protection. These respon-
sibilities include, but are not limited to, the following:
(a) deciding and specifying whether the overpressure

protection system will allow the use of stop valve(s)
located in the relief path
(b) establishing the pressure relief philosophy and the

administrative controls requirements
(c) establishing the required level of reliability, redun-

dancy, and maintenance of instrumented interlocks, if
used
NOTE: The procedures contained in IEC 61508 or ISA S‐84 may
be used for the purpose and analysis described in (c).

(d) establishing procedures to ensure that the equip-
ment is adequately protected against overpressure
(e) ensuring that authorization to operate identified

valves is clear and that personnel are adequately
trained for this task
(f) establishing management systems to ensure that

administrative controls are effective
(g) establishing the analysis procedures andbasis to be

used in determining the potential levels of pressure if the
stop valves were closed
(h) ensuring that the analysis described in (g) is

conducted by personnel who are qualified and experi-
enced with the analysis procedure
(i) ensuring that the other system components are ac-

ceptable for the potential levels of pressure established in
(g)
(j) ensuring that the results of the analysis described in

(g) are documented and are reviewed and accepted in
writing by the individual responsible for operation of
the vessel and valves
(k) ensuring that the administrative controls are

reviewed and accepted in writing by the individual
responsible for operation of the vessel and valves

B-5 PROCEDURES AND MANAGEMENT SYSTEMS

(a) Procedures shall specify that valves requiring
mechanical locking elements and/or valve operation
controls and/or valve failure controls shall be docu-
mented and clearly identified as such.
(b) The management system shall document the

administrative controls (training and procedures), the
valve controls, and the performance of the administrative
controls in an auditable form for management review.

B-6 STOP VALVES IN SYSTEMS WITH PRESSURE
FROM AN OUTSIDE SOURCE

A vessel or system for which the pressure originates
from an outside source exclusively may have individual
pressure-relieving devices on each vessel or connected
to any point on the connecting piping, or on any one
of the vessels to be protected. Under any such arrange-
ment, there may be stop valve(s) between any vessel
and the pressure-relieving devices, and these stop
valves need not have any administrative controls, valve
operation controls, or valve failure controls, provided
that the stop valves also isolate the vessel from the
source of pressure.

B-7 STOP VALVES UPSTREAM OR DOWNSTREAM
OF THE PRESSURE RELIEF DEVICE

Full-area stop valvesmay beprovidedupstreamand/or
downstream of the pressure-relieving device exclusively
for the purpose of inspection, testing, and repair of the
pressure-relieving device or discharge header isolation,
provided that, as a minimum, the following requirements
are met:
(a) Administrative controls are provided to prevent

unauthorized valve operation.
(b) Valves are provided with mechanical locking

elements.
(c) Valve failure controls are provided to prevent acci-

dental valve closure due to mechanical failure.
(d) Procedures are in place to provide pressure relief

protection during the time when the system is isolated
from its pressure relief path. These procedures shall
ensure that when the system is isolated from its pressure
relief path, an authorized person shall continuously
monitor the pressure conditions of the vessel and shall
be capable of responding promptly with documented,
predefined actions, either stopping the source of over-
pressure or opening alternative means of pressure
relief. This authorized person shall be dedicated to this
task and shall have no other duties when performing
this task.
(e) The system shall be isolated from its pressure relief

path only for the time required to test, repair, and/or
replace the pressure relief device.

B-8 STOP VALVES IN THE PRESSURE RELIEF
PATHS HANDLING PROCESS FLOW

Stop valves, excluding remotely operated valves and
process control valves, may be provided in the relief
path where there is normally a process flow, provided
the requirements in (a) through (c), as a minimum, are
met. These requirements are based on the potential over-
pressure scenarios involving accidental closure of a single
stop valve within the relief path [see B-3.4(g)]. The acci-
dental closure of these stop valves in the pressure relief
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system need not be considered as a condition for estab-
lishing the pressurized equipment’s design pressure in
accordance with the referencing Code or Standard.
(a) The flowresistanceof thevalve in the full openposi-

tion does not reduce the relieving capacity below that
required by the requirements of the referencing Code
or Standard.
(b) The closure of the valve will be readily apparent to

the operators such that corrective action, in accordance
with documented operating procedures, is required.
(c) One of the following conditions shall be met:
(1) If the pressure due to closure of the valve cannot

exceed the multiple relief device maximum allowed relief
pressure, such as 116%ofMAWP for Section VIII, Division
1 or Division 2 vessels, then no administrative controls,
mechanical locking elements, valve operation controls, or
valve failure controls are required.

(2) If the pressure due to closure of the valve cannot
exceed the value calculated in (-a) or (-b), then adminis-
trative controls and mechanical locking elements are
required as a minimum.

(-a) the documented vessel test pressure multi-
plied by the ratio of the stress value at the design tempera-
ture to the stress value at the test temperature

(-b) if the governing code or standard permits the
vessel test pressure to be calculated on a value greater
than the vessel design pressure, then, in addition to

being multiplied by the ratio in (-a), the test pressure
shall be multiplied by the ratio of nominal thickness
minus the corrosion allowance to the nominal thickness

(3) If the pressure due to closure of the valve could
exceed the pressure indicated in (2), then the user shall do
one of the following:

(-a) Eliminate the stop valve.
(-b) Apply administrative controls, mechanical

locking elements, valve failure controls, and valve opera-
tion controls.

(-c) Provide a pressure relief device to protect the
equipment that could be overpressured due to closure of
the stop valve.

B-9 STOP VALVES IN THE RELIEF PATHS WHERE
FIRE IS SOURCE OF OVERPRESSURE

Full-area stop valves located in the relief path of equip-
mentwhere there is normally process flow andwhere fire
is the only potential source of overpressure do not require
physical elements such as locks or car seals, valve opera-
tion controls, or valve failure controls, provided the user
has documented operating procedures requiring that
equipment isolated from its pressure relief path is depres-
surized and free of liquids.
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NONMANDATORY APPENDIX C
GUIDE TOMANUFACTURER’S AND ASSEMBLER’S CERTIFICATES

OF CONFORMANCE FOR PRESSURE RELIEF DEVICES

C-1 INTRODUCTION

This Appendix contains copies of the Manufacturer’s
and Assembler’s Certificate of Conformance forms (see
Table C-1-1) and associated guides for completing the
forms. The instructions in the guides are keyed to the
forms in the following manner:
(a) Circled numbers on each form refer to the items

listed in the associated guide. The parenthesized
numbers in the guide correspond to the circled
numbers on the form.
(b) Numbers without circles appearing in the guide

identify specific lines on the associated Manufacturer’s
or Assembler’s Certificate of Conformance form.
Forms in this Appendixmay be obtained from theASME

website at https://www.asme.org/codes-standards/
publications-information/asme-data-report-forms.

C-2 CERTIFICATE OF CONFORMANCE FORMS

The Certificate of Conformance forms begin on the next
page.

Table C-1-1
ð25ÞSummary of Certificate of Conformance Forms

Certification
Designator

Type of Certificate
of Conformance Form Guide

HV Manufacturer HV-1 Table C-2-1
UV Manufacturer or

Assembler
UV-1 Table C-2-2

UD Manufacturer UD-1 Table C-2-2
UV3 Manufacturer or

Assembler
K-4 Table C-2-3

UD3 Manufacturer K-5 Table C-2-4
TV Manufacturer or

Assembler
TV-1 Table C-2-5

TD Manufacturer TD-1 Table C-2-5
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1

2 3 4 5 6 7 8 9 10

18

14 15

1716 17

11 12 13

FORM HV-1  MANUFACTURER’S CERTIFICATE OF CONFORMANCE FOR PRESSURE RELIEF VALVES

CERTIFICATE OF SHOP COMPLIANCE

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section XIII

1. Manufactured by

I.D. # Date

2. Table of Code symbol stamped items:

  3. Remarks 

HV Certificate of Authorization No. Expires

Date Signed
(responsible representative) (Manufacturer)

Name

Cert. # Qty. Type
Size

(NPS)
Set

Pressure Capacity Test Fluid
Date
Code CI Name CI Signature

(07/25)

By the signature of the Certified Individual (CI) noted above, we certify that the statements made in this report are correct and that all details for 
design, material, construction, and workmanship of the pressure relief valves conform with the requirements of Section XIII of the ASME BOILER 
AND PRESSURE VESSEL CODE.
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Table C-2-1
ð25Þ Guide for the Preparation of Manufacturer’s Certificate of Conformance Form HV-1

Reference to Circled Numbers in
Form HV-1 Instructions

(1) Name and address of Manufacturer.
(2) Pressure relief valve Manufacturer’s unique identification number, such as serial number, work order

number, or lot number.
(3) The date of completion of production of the pressure relief valve.
(4) The NB Certification Number.
(5) The quantity of identical valves for this line item.
(6) The Manufacturer’s Design or Type Number as marked on the nameplate.
(7) The inlet size of the pressure relief valve (NPS).
(8) The nameplate set pressure of the pressure relief valve.
(9) The nameplate capacity of the pressure relief valve.
(10) The fluid used for testing the pressure relief valve.
(11) The year built or the pressure relief valve Manufacturer’s date code.
(12) The name of the Certified Individual.
(13) The signature of the Certified Individual. Required for each line item.
(14) The number of the pressure relief valve Manufacturer’s Certificate of Authorization.
(15) Expiration date of the pressure relief valve Manufacturer’s Certificate of Authorization.
(16) Date signed by the pressure relief valve Manufacturer’s authorized representative.
(17) The Certificate of Shop Compliance block shall show the name of the Manufacturer as it appears on the

ASME Code Certificate of Authorization and shall be signed in accordance with the organizational
authority defined in the quality control system (see Mandatory Appendix III).

(18) Include any applicable remarks (referencing the identification number) that may pertain, such as
identification of a Code Case that requires marking on the device.

GENERAL NOTE: Any quantity to which units apply shall be entered with the chosen units.
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1

2 3 4 5 6 7 8 9 10

14

15 16

1817 18

11 12 13

FORM UV-1 MANUFACTURER’S OR ASSEMBLER’S CERTIFICATE OF CONFORMANCE FOR PRESSURE RELIEF VALVES

CERTIFICATE OF SHOP COMPLIANCE

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section XIII

1. Manufactured (or assembled) by

I.D. #
Year
Built

2. Table of Certification Mark stamped items:

  3. Remarks 

UV Certificate of Authorization No. Expires

Date Signed
(Responsible representative) (Manufacturer or Assembler)

Name

NB
Cert. # Qty. Type Size

Set
Pressure Capacity Test Fluid Date CI Name CI Signature

(07/21)

By the signature of the Certified Individual (CI) noted above, we certify that the statements made in this report are correct and that all details 
for design, material, construction, and workmanship of the pressure relief devices conform with the requirements of Section XIII of the 
ASME BOILER AND PRESSURE VESSEL CODE.
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1

2 3 4 5 19 6 7 20 21 22

14

24761953 11 12 13

15 16

1817 18

23 9 11 12 13

2B. Table of Certification Mark stamped non-reclosing pressure relief device holder or body:

Date              CI Name                    CI SignatureSizeType
Holder or Body

MaterialYear Built     Qty.
Pin to Pin 

Device Identifier

FORM UD-1 MANUFACTURER’S CERTIFICATE OF CONFORMANCE FOR NON-RECLOSING PRESSURE RELIEF DEVICES

CERTIFICATE OF SHOP COMPLIANCE

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section XIII

1. Manufactured by

Lot #

Marked
Burst 
or Set

Pressure

Activation
Component

Material
Specified

Temp.

Min.
Net
Flow
Area

Certified
Flow

ResistanceSize
Year
Built

2A. Table of Certification Mark stamped activation components:

  3. Remarks 

UD Certificate of Authorization No. Expires

Date Signed
(Responsible representative) (Manufacturer)

Name

Capacity
NB

Cert. # Qty. Type Date
CI

Name
CI

Signature

(07/25)

By the signature of the Certified Individual (CI) noted above, we certify that the statements made in this report are correct and that all details 
for design, material, construction, and workmanship of the rupture disk or pin devices conform with the requirements of Section XIII of the ASME 
BOILER AND PRESSURE VESSEL CODE.

ASME BPVC.XIII-2025

144



Table C-2-2
ð25ÞSupplementary Instructions for the Preparation of Manufacturer’s or Assembler’s

Certificate of Conformance Forms UV-1 and UD-1

Reference to Circled Numbers in
Forms UV-1 and UD-1 Instructions

(1) Name and address of Manufacturer or Assembler.
(2) Pressure relief device Manufacturer’s or Assembler’s unique identification number, such as serial

number, work order number, or lot number.
(3) The year built or the pressure relief device Manufacturer’s or Assembler’s date code.
(4) The NB Certification Number.
(5) The quantity of identical devices for this line item.
(6) The Manufacturer’s Design or Type Number as marked on the nameplate.
(7) The inlet size of the pressure relief device.
(8) The nameplate set pressure of the pressure relief device.
(9) The nameplate capacity of the pressure relief device, as applicable.
(10) The fluid used for testing the pressure relief device.
(11) The date of completion of production of the pressure relief device.
(12) The name or unique ID stamp of the Certified Individual.
(13) The signature of the Certified Individual. Required for each line item.
(14) Include any applicable remarks (referencing the identification number) that may pertain, such as

identification of a Code Case that requires marking on the device.
(15) The number of the pressure relief device Manufacturer’s or Assembler’s Certificate of Authorization.
(16) Expirationdateof thepressure relief deviceManufacturer’s orAssembler’s Certificate ofAuthorization.
(17) Date signed by the pressure relief device Manufacturer’s or Assembler’s authorized representative.
(18) TheCertificate of Complianceblock shall show thenameof theManufacturer orAssembler as it appears

on the ASME Code Certificate of Authorization and shall be signed in accordance with the
organizational authority defined in the quality control system (see Mandatory Appendix III).

(19) The material of the activation component and/or activation component holder or body, as applicable.
(20) The marked burst or set pressure of the rupture disk or pin.
(21) The specified temperature of the rupture disk or pin.
(22) The minimum net flow area of the rupture disk or pin device, as applicable.
(23) The certified flow resistance of the device, KRG, KRL, and/or KRGL (one or more, as applicable).
(24) Pin-to-pin device identifier, as applicable.

GENERAL NOTE: Any quantity to which units apply shall be entered with the chosen units.
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2 3 4 5 6 7 8 9 10

14

15 16

1817 18

11 12 13

FORM K-4   MANUFACTURER’S OR ASSEMBLER’S CERTIFICATE OF CONFORMANCE FOR PRESSURE RELIEF VALVES

CERTIFICATE OF SHOP COMPLIANCE

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section XIII

1. Manufactured (or assembled) by

I.D. # Date

2. Table of Certification Marked items:

  3. Remarks 

UV3 Certificate of Authorization No. Expires

Date Signed
(Responsible representative) (Manufacturer or Assembler)

Name

Cert. # Qty. Type Size
Set

Pressure Capacity Test Fluid
Date
Code CI Name CI Signature

(07/23)

By the signature of the Certified Individual (CI) noted above, we certify that the statements made in this report are correct and that all details 
for design, material, construction, and workmanship of the pressure relief valves conform with the requirements of Section XIII of the ASME 
BOILER AND PRESSURE VESSEL CODE.
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Table C-2-3
ð25ÞSupplementary Instructions for the Preparation of Manufacturer’s or Assembler’s

Certificate of Conformance Form K-4

Reference to Circled Numbers in
Form K-4 Instructions

(1) Name and address of Manufacturer or Assembler.
(2) Pressure relief valve Manufacturer’s or Assembler’s unique number, such as serial number, work order

number, or lot number.
(3) The date of completion of production of the pressure relief valve.
(4) The NB Certification Number.
(5) The quantity of identical valves for this line item.
(6) The Manufacturer’s Design or Type Number as marked on the nameplate.
(7) The inlet size of the pressure relief valve.
(8) The nameplate set pressure of the pressure relief valve.
(9) The nameplate capacity of the pressure relief valve.
(10) The fluid used for testing the pressure relief valve.
(11) The year built or the pressure relief valve Manufacturer’s or Assembler’s date code.
(12) The name of the Certified Individual.
(13) The signature of the Certified Individual. Required for each line item.
(14) Include any applicable remarks (referencing the identification number) that may pertain, such as

identification of a Code Case that requires marking on the device.
(15) The number of the pressure relief valve Manufacturer’s or Assembler’s Certificate of Authorization.
(16) Expiration date of the pressure relief valve Manufacturer’s or Assembler’s Certificate of Authorization.
(17) Date signed by the pressure relief valve Manufacturer’s or Assembler’s responsible representative.
(18) The Certificate of Compliance block shall show the name of theManufacturer or Assembler as it appears on

the ASME Code Certificate of Authorization and shall be signed in accordance with the organizational
authority defined in the quality control system (see Mandatory Appendix III).

GENERAL NOTE: Any quantity to which units apply shall be entered with the chosen units.
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1

2 3 4 5 18 6 7 8 9 6 10 11 12

3 4 5 18 6 7 10 11 12

13

14 15

16 17 17

1.  Manufactured  by

2A.  Table of Certification Marked rupture disks:

2B.  Table of Certification Marked rupture disk holders:

3.  Remarks

FORM K-5   MANUFACTURER’S CERTIFICATE OF CONFORMANCE FOR RUPTURE DISK DEVICES
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section XIII

By the signature of the Certified Individual (CI) noted above, we certify that the statements made in this report are correct and that all details 
for design, material, construction, and workmanship of the rupture disk devices conform with the requirements of Section XIII of the ASME 
BOILER AND PRESSURE VESSEL CODE.

CERTIFICATE OF SHOP COMPLIANCE

UD3 Certificate of Authorization No. Expires

Date Signed Name
(Responsible representative) (Manufacturer)

Lot
#

Year
Built

NB
Cert. # Qty.

Disk 
Material Type Size

Marked Burst 
Pressure

Specified
Disk Temp.

Holder
Type Date CI Name CI Signature

Date CI Name CI SignatureSizeType
Holder

Material
Year
Built

NB
Cert. # Qty.

(07/23)
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Table C-2-4
ð25ÞSupplementary Instructions for the Preparation of Manufacturer’s Certificate of Conformance Form K-5

Reference to Circled Numbers in
Form K-5 Instructions

(1) Name and address of Manufacturer.
(2) Pressure relief device Manufacturer’s unique number, such as serial number, work order number, or lot

number.
(3) The year built or the device Manufacturer’s date code.
(4) The NB Certification Number.
(5) The quantity of identical devices for this line item.
(6) The Manufacturer’s Design or Type Number as marked on the nameplate.
(7) The inlet size of the device.
(8) The marked burst pressure of the device.
(9) The specified disk temperature.
(10) The date of completion of production of the pressure relief device.
(11) The name or unique ID stamp of the Certified Individual.
(12) The signature of the Certified Individual. Required for each line item.
(13) Include any applicable remarks (referencing the identification number) that may pertain, such as

identification of a Code Case that requires marking on the device.
(14) The number of the pressure relief device Manufacturer’s Certificate of Authorization.
(15) Expiration date of the pressure relief device Manufacturer’s Certificate of Authorization.
(16) Date signed by the pressure relief device Manufacturer’s authorized representative.
(17) TheCertificateofComplianceblockshall showthenameof theManufactureras it appearson theASMECode

CertificateofAuthorizationandshall be signed inaccordancewith theorganizational authoritydefined in
the quality control system (see Mandatory Appendix III).

(18) The material of the rupture disk and/or holder, as applicable.

GENERAL NOTE: Any quantity to which units apply shall be entered with the chosen units.
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1817 18
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FORM TV-1 MANUFACTURER’S OR ASSEMBLER’S CERTIFICATE OF CONFORMANCE FOR PRESSURE RELIEF VALVES

CERTIFICATE OF SHOP COMPLIANCE

As Required by the Provisions of the ASME Boiler and 
Pressure Vessel Code Rules, Section XIII

1. Manufactured (or assembled) by

I.D. #
Year
Built

2. Table of Certification Mark stamped items:

  3. Remarks 

TV Certificate of Authorization No. Expires

Date Signed
(Responsible representative) (Manufacturer or Assembler)

Name

NB
Cert. # Qty. Type Size

Set
Pressure Capacity Test Fluid Date CI Name CI Signature

(07/21)

Page            of 

By the signature of the Certified Individual (CI) noted above, we certify that the statements made in this report are correct and that all 
details for design, material, construction, and workmanship of the pressure relief devices conform with the requirements of Section XIII of 
the ASME BOILER AND PRESSURE VESSEL CODE.
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2 3 4 5 19 6 7 20 21 22

14
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15 16

1817 18

23 9 11 12 13

2B. Table of Certification Mark stamped non-reclosing pressure relief device holder or body:

Date              CI Name                    CI SignatureSizeType
Holder or Body

MaterialYear Built     Qty.
Pin to Pin 

Device Identifier

FORM TD-1 MANUFACTURER’S CERTIFICATE OF CONFORMANCE FOR NON-RECLOSING PRESSURE RELIEF DEVICES
As Required by the Provisions of the ASME Boiler and 

Pressure Vessel Code Rules, Section XIII

CERTIFICATE OF SHOP COMPLIANCE

1. Manufactured by

Lot #

Marked
Burst 
or Set

Pressure

Activation
Component

Material
Specified

Temp.

Min.
Net

Flow
Area

Certified
Flow

ResistanceSize
Year
Built

2A. Table of Certification Mark stamped activation components:

  3. Remarks 

TD Certificate of Authorization No. Expires

Date Signed
(Responsible representative) (Manufacturer)

Name

Capacity
NB

Cert. # Qty. Type Date
CI

Name
CI

Signature

(07/25)

Page            of 

By the signature of the Certified Individual (CI) noted above, we certify that the statements made in this report are correct and that all
details for design, material, construction, and workmanship of the rupture disk or pin devices conform with the requirements of Section XIII
of the ASME BOILER AND PRESSURE VESSEL CODE.
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Table C-2-5
ð25Þ Supplementary Instructions for the Preparation of Manufacturer’s or Assembler’s

Certificate of Conformance Forms TV-1 and TD-1

Reference to Circled Numbers in
Forms TV-1 and TD-1 Instructions

(1) Name and address of Manufacturer or Assembler.
(2) Pressure relief device Manufacturer’s or Assembler’s unique identification number, such as serial

number, work order number, or lot number.
(3) The year built or the pressure relief device Manufacturer’s or Assembler’s date code.
(4) The NB Certification Number.
(5) The quantity of identical devices for this line item.
(6) The Manufacturer’s Design or Type Number as marked on the nameplate.
(7) The inlet size of the pressure relief device.
(8) The nameplate set pressure of the pressure relief device.
(9) The nameplate capacity of the pressure relief device, as applicable.
(10) The fluid used for testing the pressure relief device.
(11) The date of completion of production of the pressure relief device.
(12) The name or unique ID stamp of the Certified Individual.
(13) The signature of the Certified Individual. Required for each line item.
(14) Include any applicable remarks (referencing the identification number) that may pertain, such as

identification of a Code Case that requires marking on the device.
(15) The number of the pressure relief device Manufacturer’s or Assembler’s Certificate of Authorization.
(16) Expirationdate of thepressure relief deviceManufacturer’s orAssembler’s Certificate ofAuthorization.
(17) Date signed by the pressure relief device Manufacturer’s or Assembler’s authorized representative.
(18) TheCertificate of Complianceblock shall show thenameof theManufacturer orAssembler as it appears

on the ASME Code Certificate of Authorization and shall be signed in accordance with the
organizational authority defined in the quality control system (see Mandatory Appendix III).

(19) The material of the activation component and/or activation component holder or body, as applicable.
(20) The marked burst or set pressure of the rupture disk or pin.
(21) The specified temperature of the rupture disk or pin.
(22) The minimum net flow area of the rupture disk or pin device, as applicable.
(23) The certified flow resistance of the device, KRG, KRL, and/or KRGL (one or more, as applicable).
(24) Pin-to-pin device identifier, as applicable.

GENERAL NOTE: Any quantity to which units apply shall be entered with the chosen units.
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NONMANDATORY APPENDIX D
EXAMPLES OF DETERMINING FLOW RATE UNCERTAINTIES ð25Þð25Þ

D-1 PURPOSE

The purpose of this Mandatory Appendix is to present
an example of the various methods used to establish
meaningful estimates for the limits of uncertainty of
the final flow measurement specified in V-1.3. The
terms and methods described in ASME PTC 19.1-2013
were used in this example to establish the estimate of
measurement uncertainty. The techniques and proce-
dures specified in Nonmandatory Appendix V and
ASME PTC 19.5 were used in this example for determina-
tionof valve flowrates. ThisAppendix isnot intended tobe
definitive, and the latest editions of ASME PTC 19.1 and
ASME PTC 19.5 should be consulted for possible updates
to equations and terminology.

D-2 EXAMPLE DETERMINATION

Meter type: ASME concentric thin-plate square-edged orifice
with flange taps

Purpose: Establish estimate for limits of uncertainty for flow
test results

Medium: Water
Assumption: The coefficient for themeterhasnotbeen calibrated

against a standard.

The following is a typical set of test data:

Diameter of meter: D = 3.117 in. (79.17 mm)
Diameter of orifice plate: do = 0.935 in. (23.75 mm)
Pressure drop across meter: ΔP = 387.8 in. (9850 mm) water
Temperature: T = 77°F (26°C)
Beta ratio: β = do/D = 0.300

Define the functional relationship

(U.S. Customary Units)

=
i
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where
C = discharge coefficient, dimensionless
D = diameter of meter, in. (mm)
do = diameter of orifice plate, in. (mm)
Fa = thermal expansion number, dimensionless
m = mass flow rate, lbm/hr (kg/h)
ΔP = differential pressure head acrossmeter, in. water

(mm water)
ρ = water density, lbm/ft3 (kg/m3)

List elemental error sources, and list estimated
systematic and precis ion errors for each [see
Table D-2-1 (Table D-2-1M)].

D-2.1 Discharge Coefficient, C

PerBenedict (1977), thedischarge coefficient for orifice
plate meters is characterized by a systematic error of
±0.55% for pipes 2 in. (50mm) and greaterwith Reynolds
numbers exceeding
(a) 5,000 × D, where D is in inches
(b) 200 × D, where D is in millimeters
Also, ASME PTC 19.5 recommends that a 0.5% margin

be added to all other identified systematic errors to
account for installation variations.
The total relative systematic error forC is determinedas

follows:
= + =B 0.5% 0.55% 1.05%C%

The coefficient of discharge is calculated based on the
equations listed in ASME PTC 19.5.
The calculated value for C is 0.599.
The absolute value for the systematic limit is

= =B (0.0105) (0.599) 0.00627 0.007C

The absolute precision error for the coefficient of
discharge is zero.
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Table D-2-1
Table of Uncertainty Parameters — U.S. Customary Units

Parameter

Absolute
Systematic

Error,
B

Absolute
Precision
Error,
S

Nominal Value
(Based on
Test Data)

Relative
Systematic Error,

BR

Relative
Precision Error,

SR

Relative
Sensitivity
Coefficient,

θ1

C ±0.007 0 0.599 = ± 0.01170.007
0.599

0 1

do ±0.001 in. 0 0.935 in. = ± 0.001070.001
0.935

0 = 2.01632
1 4

D ±0.003 in. 0 3.117 in. = ± 0.000960.003
3.117

0
= 0.01632

1

4

4

Fa 0 0 1.00002 0 0 1
ρ ±0.04 lbm/ft3 ±0.02 lbm/ft3 62.25 lbm/ft3 = ± 0.000640.04

62.25
= ± 0.000320.02

62.25
0.5

ΔP 11 in. water 5 in. water 387.8 in. water = ± 0.0283611
387.8

= ± 0.012905
387.8

0.5

Table D-2-1M
Table of Uncertainty Parameters — SI Units

Parameter

Absolute
Systematic

Error,
B

Absolute
Precision
Error,
S

Nominal Value
(Based on
Test Data)

Relative
Systematic Error,

BR

Relative
Precision Error,

SR

Relative
Sensitivity
Coefficient,

θ1

C ±0.007 0 0.599 = ± 0.01170.007
0.599

0 1

do ±0.025 mm 0 23.75 mm = ± 0.001050.025
23.75

0 = 2.01632
1 4

D ±0.075 mm 0 79.19 mm = ± 0.000950.075
79.19

0
= 0.01632

1

4

4

Fa 0 0 1.0001 0 0 1
ρ ±0.64 kg/m3 ±0.32 kg/m3 997.1 kg/m3

= ± 0.000640.64
997.1

= ± 0.000320.32
997.1

0.5

ΔP 260 mm water 125 mm water 9850 mm water = ± 0.0264260
9 850

= ± 0.01269125
9 850

0.5
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D-2.2 Diameter of Orifice Plate, do
The estimated systematic error for the orifice plate

diameter is ±0.001 in. (±0.025 mm). This absolute
systematic error estimate accounts for the inaccuracies
in the measurement device and the potential personnel
error in reading the measurement device.
The absolute precision error for the orifice plate

diameter is zero.

D-2.3 Diameter of Meter, D
The estimated systematic error for the meter diameter

is ±0.003 in. (±0.075 mm). This estimate in absolute
systematic error accounts for both measurement
device and personnel inaccuracies.
The absolute precision error for the meter diameter is

zero.

D-2.4 Thermal Expansion Number, Fa

=F T( )a

where
T = water temperature, °F (°C)

Per ASME MFC-3M−1989, Appendix E, Fa is determined
from the following equation:

= +F T T1
2

1
( )( )a p4 PE

4
ref

where
β = 0.300 from the test data (see D-2)

Tref = 68°F (20°C)
αP = mean coefficient of thermal expansion for

carbon steel pipe
x = 6.05 × 10−6 (1.089 × 10−5)

αPE = mean coefficient of thermal expansion for 316
orifice plate

x = 9.08 × 10−6 (1.635 × 10−5)

The coefficients of thermal expansion are referenced
from ASME PTC 19.5-2004, Tables F-1-1 and F-1-2 and
are assumed to be constant for the range in allowable
temperature error used for the following derivation:

(U.S. Customary Units)

= + ×
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= + ×

= × +
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F T

F T

1 9.08 10

0.300 6.05 10 ( 68)

1 (2.0163) 9.031 10 ( 68)

1.8209 10 ( ) 0.9988

a

a

a

2
1 (0.300)

6

4 6

6

5

4

=

= = ×

B B( )

1.8209 10

Fa
F
T T

F
T

dF
dT

5

a

a a

where
BFa = (1.8209 × 10−5)(5) = ±0.00009
BT = assumed to be ±5°F
Fa = (1.8209×10−5)(77)+0.9988basedonanominal

temperature of 77°F
x = 1.0002 at 77°F

(SI Units)

= + ×

×

= + ×

= × +

=

= = ×

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )

( )
( )

F

T

F T

F T

B B

1 1.635 10

0.300 1.089 10 ( 20)

1 (2.0163) 1.6262 10 ( 20)

3.2789 10 ( ) 0.9993

( )

3.2789 10

a

a

a

Fa
F
T T

F
T

dF
dT

2
1 (0.300)

5

4 5

5

5

5

a

a a

4

where
BFa = (3.2789 × 10−5)(3) = ±0.00010
BT = assumed to be ±3°C
Fa = (3.2789×10−5)(26)+0.9993basedonanominal

temperature of 26°C
x = 1.0001 at 26°C

The relative variation in Fa for a 5°F (3°C) error inwater
temperature would equate to

(U.S. Customary Units)

= =F% error
0.00009
1.00002

0.01%a

(SI Units)

= =F% error
0.00010
1.00001

0.01%a

Therefore, the absolute systematic error is considered
zero.
The absolute precision error for the thermal expansion

number, Fa, is zero.

D-2.5 Density of Water, ρ

= TP( )
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where
P = pressure, psia (kPa)
T = water temperature, °F (°C)

Water density, ρ, is determined from Table 3 of the
ASME Steam Tables (1971).
The variation in ρ due to pressure is negligible and not

considered.
The variation in ρ due to a ±5% error in water tempera-

ture would equate to
= ±B 0.03875

The absolute systematic error for ρ is taken as ±0.04
lb/ft3 (±0.64 kg/m3).
The absolute precision error, Sρ, for water density is

estimated from past experience to be ±0.02 lbm/ft3
(±0.32 kg/m3).

D-2.6 Parameter ΔP— Differential Pressure Head
Across Meter, in. (mm) Water

ΔP is measured on a strip chart recorder that is cali-
brated using a transfer gage with a range of 0 in.
(0mm)water to1,000 in. (25400mm)water. The transfer
gage is in turn calibrated using a deadweight tester.
The systematic error limit for the strip chart recorder is

based on one-half the smallest subdivision, which is ±10
in. (±250 mm) water.
The accepted tolerance for the transfer gage is ±0.25%

of full scale, which equates to an absolute systematic error
of ±2.5 in. (±63.5 mm) water.
The calibrator (deadweight tester) for the transfer gage

is two times as accurate as the transfer gage, and the
systematic error induced is ±0.3 in. (±7.6 mm) water.
See Taylor (1988), pages 54 to 55.
The RSS technique for combining the systematic errors

in water yields

(U.S. Customary Units)

= + + =
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑB (10) (2.5) (0.3) 10.3 11.0P

2 2 2 1/2

(SI Units)

= + + =
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑB (250) (63.5) (7.6) 258 260P

2 2 2 1/2

The absolute precision error SΔP for the meter differ-
ential pressure is estimated based on previous experience
to be ±5 in. (±125 mm) water.

D-2.7 Uncertainty Calculation

All the absolute and relative systematic and precision
errors are tabulated in the following equations. Also tabu-
lated for each parameter are the relative sensitivity coef-
ficients, θ′, which were determined in accordance with
ASME PTC 19.1-2005.
The individual parameter errors are propagated sepa-

rately for systematic and precision into the result
according to a Taylor (1988) series expansion.
The relative systematic error for the flow rate is

= × + ×

+ × + ×

+ × + ×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅ
i
k
jjjj

y
{
zzzz

i
k
jjjj

y
{
zzzz

i
k
jjjj

y
{
zzzz

i
k
jjj y

{
zzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ

( )

( )

1

1

0.5 0.5

B
m

B
C

B

d

B
D

B

F

B B
P

2 2
1

2

2

1

2 2

2 2
1/2

m c do

o

D Fa

a

P

4

4

4
(D-2-2)

The relative precision error for the flow rate is

= × + ×

+ × + ×

+ × + ×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅ
i
k
jjjj

y
{
zzzz

i
k
jjjj

y
{
zzzz

i
k
jjjj

y
{
zzzz

i
k
jjjj

y
{
zzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ

( )

( )

1

1

0.5 0.5

S
m

S
C

S

d

S
D

S

F

S S
P

2 2
1

2

2

1

2 2

2 2
1/2

m c do

o

D Fa

a

P

4

4

4
(D-2-3)

Substituting the appropriate values into eqs. (D-2-2)
and (D-2-3)

(U.S. Customary Units)

= + ×

+ × +
+ ×

+ ×

= + + ×

+ + × +
±

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

É
Ö
ÑÑÑÑÑÑ

(
)

(0.0117) (2.016 0.00107)

(0.0163 0.00096) (0)

(0.5 0.00064)

(0.5 0.02836)

0.0001370 0.0000046 2.45 10

0 1.02 10 0.0002011

0.0185

B
m

2 2

2

2

2 1/2

10

7 1/2

m

(D-2-4)
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(SI Units)

= + ×

+ × +
+ ×

+ ×

= + + ×

+ + × +
±

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

É
Ö
ÑÑÑÑÑÑ

(
)

(0.0117) (2.016 0.00105)

(0.0163 0.00095) (0)

(0.5 0.00064)

(0.5 0.0264)

0.0001370 0.0000045 2.398 10

0 1.02 10 0.0001742

0.0178

B
m

2 2

2

2

2 1/2

10

7 1/2

m

(U.S. Customary Units)

= ±[ + + +

+ ×

+ ×

= ± × +
= ±

É
Ö
ÑÑÑÑÑÑ

( )

(0) (0) (0) (0)

(0.5 0.00032)

(0.5 0.01290)

2.5 10 0.0000416

0.0065

S
m

2

2 1/2

8 1/2

m

(D-2-5)

(SI Units)

= ±[ + + +

+ ×

+ ×

= ± × +
= ±

É
Ö
ÑÑÑÑÑÑ

( )

(0) (0) (0) (0)

(0.5 0.00032)

(0.5 0.01289)

2.5 10 0.0000415

0.0065

S
m

2

2 1/2

8 1/2

m

Examination of the individual factors for each param-
eter in eqs. (D-2-4) and (D-2-5) clearly indicates which
parameters contribute most to the systematic and preci-
sion error limits of the result. In this example, the largest
contributors to the systematic error limit are the differ-
ential pressure, ΔP, and the discharge coefficient, C. The
largest contributor to theprecisionerror limit is thediffer-
ential pressure measurement, ΔP.
Since all the estimates for precision errors of the inde-

pendent parameters are based on experience, the degrees
of freedom can be assumed to be greater than 30, so that
the t value can be taken as 2. Therefore, the relative preci-
sion error limit is (2)(0.0065) = ±0.013.
The total uncertainty in the flow rate can be obtained by

combining the systematic and precision errors as follows:

(U.S. Customary Units)

= + ×

= + ×
= ±

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

( )( ) 2

(0.0185) (2 0.0065)

2.26%  at 95%  coverage

U
m

B
m

S
m

2 2 1/2

2 2 1/2

m mRSS

(D-2-6)

(SI Units)

= + ×

= + ×
= ±

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

( )( ) 2

(0.0178) (2 0.0065)

2.20%  at 95%  coverage

U
m

B
m

S
m

2 2 1/2

2 2 1/2

m mRSS

Note that the requirement of ASME PTC 25 for m ± 2%
has not been achieved.
The largest contributor to uncertainty is the differential

pressure, ΔP. The first step is to eliminate the transfer gage
for calibration of the strip chart recorder. The strip chart
recorder will be calibrated directly using a deadweight
tester.
The systematic error limit for the deadweight tester is

±0.1% of full scale. The full scale range for the deadweight
tester is 0 in. (0 mm) water to 500 in. (12700mm) water.
The absolute systematic error limit is 0.001 × 500 = 0.5 in.
water (0.001 × 12700 = 12.7 mm water).
In addition, the calibration range for ΔP is changed to

reduce the smallest subdivisionon the strip chart recorder
from20 in. (500mm)water to 10 in. (250mm)water. The
systematic error limit is based on one-half the smallest
subdivision, which results in a reduction of the bias
error limit from 10 in. (250 mm) water to 5 in.
(125 mm) water.
The RSS technique for combining systematic errors is

used to recalculate the absolute systematic error for ΔP:

(U.S. Customary Units)

= + =
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑB (5) (0.5) 5.02 in. waterP

2 2 1/2

(SI Units)

= + = ±
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑB (125) (12.7) 125.6 mm waterP

2 2 1/2

Round up to 6 in. (150 mm) water.
The revised relative systematic error is

(U.S. Customary Units)

= =B( )
6

387.8
0.01547P R

ASME BPVC.XIII-2025

157



(SI Units)

= =B( )
150

9 850
0.01523P R

The revised value for B
m
m is

(U.S. Customary Units)

=B
m

0.0145m

(SI Units)

= ±B
m

0.0136m

Combining systematic and precision errors yields

(U.S. Customary Units)

= ~U
m

1.959 at 95% coverageRSS

(SI Units)

= ± ~U
m

1.881 at 95% coverageRSS

The mass flow rate, m, based on the nominal values
noted herein is 29,300 lbm/hr (13290 kg/h).
The following test was conducted to verify the estimate

for the precision error index.
All instruments were calibrated in accordance with the

tolerance limits stated herein.
A steady-state flow test was conducted with the 0.935-

in. (23.75-mm) diameter orifice plate. The temperature
was a constant 77°F (26°C) for the entire test. During
the test, ten separate sets of data were taken to establish
the precision error limit of uncertainty. The results of the
test are as follows:

Data Set m
1 29,410 (13340)
2 29,280 (13280)
3 29,170 (13230)
4 29,320 (13300)
5 29,190 (13240)
6 29,450 (13360)
7 29,305 (13290)
8 29,260 (13270)
9 29,380 (13330)
10 29,350 (13310)

x , average value m for sample, is

(U.S. Customary Units)

= = =
=

x
N

X
1 1

10
(293,115) 29,311 lbm/hr

k

N

k
1

(SI Units)

= = =
=

x
N

X
1 1

10
(132 950) 13 295 kg/h

k

N

k
1

The sample standard deviation is

(U.S. Customary Units)

= ==
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Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑS

X x

N

( )

1
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N

k
1

2
1/2

(SI Units)

= = ±=

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑS

X x

N

( )

1
42.0 kg/hk

N

k
1

2
1/2

Degrees of freedom N − 1 = 10 − 1 = 9.
The t value for the 95 percentile point for a two-tailed

Student’s tdistributionwith9degreesof freedom is2.262.
Relative precision error limit is calculated as follows:

(U.S. Customary Units)

= ± = ±90.4
29,311

(2.262) 0.0069
S
m
m

(SI Units)

= ± = ±42.0
13 295

(2.262) 0.0071
S
m
m

This value is roughly half the original estimated.
Combining the new precision error limit obtained by
test with the systematic error estimate yields

(U.S. Customary Units)

= ± + = ±

= ± ~

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ(0.0145) (0.0069) 0.016

1.6% at 95% coverage, precision (process) error

U
m

2 2 1/2RSS

(SI Units)

= ± + = ±

= ± ~

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ(0.0136) (0.0071) 0.015

1.5% at 95% coverage, precision (process) error

U
m

2 2 1/2RSS

Note that the test objective of ±2% has been achieved;
however, the uncertainty error limits can be further
reduced by conducting calibration tests to better
define the meter coefficient of discharge.
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The report summary is as follows:

(U.S. Customary Units)

= ±

= ±

= ±

0.0145, systematic error

0.0069, uncertainty of mass flow rate

1.6% at 95% coverage, precision (process) error

B
m
S
m

U
m

m

m

RSS

(SI Units)

= ±

= ±

= ±

0.0136, systematic error

0.0071, uncertainty of mass flow rate

1.5% at 95% coverage, precision (process) error

B
m
S
m

U
m

m

m

RSS
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NONMANDATORY APPENDIX E
EXAMPLE OF PRESSURE TAP PROFILE COMPARISONð25Þð25Þ

E-1 PURPOSE

This Appendix presents an example of the calibration procedure described in V-2.1.9.2 for flow resistance test rigs.

E-2 EXAMPLE DETERMINATION

E-2.1 Sample Data

Table E-2.1-1 lists sample data from a flow resistance test conducted according to V-2.2.9. Calculated values were
determined using Form V-2.2.5.7-1 (Form V-2.2.5.7-1M).

Table E-2.1-1
Sample Test Data

Parameter Value
Ratio of specific heats, k 1.405
Test rig inside diameter, D 0.085 ft (0.025908 m)
Actual pipe length to tap A, LA 5.608 ft (1.709 m)
Actual pipe length to tap B, LB 8.223 ft (2.506 m)
Actual pipe length to tap C, LC 9.457 ft (2.882 m)
Actual pipe length to tap D, LD 12.082 ft (3.683 m)
Actual length between taps A and B, LA-B 2.615 ft (0.79705 m)
Actual length between taps C and D, LC-D 2.625 ft (0.8001 m)
Mach number at pipe entrance, M1 0.375094230450
Expansion factor at pipe entrance, Y1 1.02849087555
Pressure at pipe entrance, P1 52.92760355 psia (364.923 kPa)
Tap A pressure, PA 43.0240195 psia (296.6402 kPa)
Tap B pressure, PB 38.561844 psia (265.8746 kPa)
Tap C pressure, PC 36.0269315 psia (248.3969 kPa)
Tap D pressure, PD 28.9483255 psia (199.5917 kPa)
Total resistance factor to tap A, KA 1.3389762771
Total resistance factor to tap B, KB 1.8082572438
Total resistance factor to tap C, KC 2.0365010346
Total resistance factor to tap D, KD 2.5214688060
Resistance between taps A and B, KA-B 0.469280967
Resistance between taps C and D, KC-D 0.484967771
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E-2.2 Calculations

Step 1 (From V-2.1.9.2, Step 1)
(a) Calculate the friction factor, f, for the pipe segment from tap A to tap B:

(U.S. Customary Units)

=

=

=

×
×

f

0.003813469

K D
LA B 4

0.469280967 0.085
4 2.615

A B

A B

(SI Units)

=

=

=

×
×

f

0.003813469

K D
LA B 4

0.469280967 0.025908
4 0.79705

A B

A B

(b) Repeat (a) for the pipe segment between tap C and tap D:

(U.S. Customary Units)

=

=
=

×
×

f

0.003925930

K D
LC D 4

0.484967771 0.085
4 2.625

C D

C D

(SI Units)

=

=
=

×
×

f

0.003925930

K D
LC D 4

0.484967771 0.025908
4 0.8001

C D

C D

(c) Average the values from (a) and (b):

=

=
=

+

+

f

0.003869699

f f

2
0.003813469 0.003925930

2

A B C D

Step2 (FromV-2.1.9.2, Step2). ParagraphV-2.1.9.2 calls for theuseof theLapple (1943) andLevenspiel (1977)model to
calculateequivalentpipe length in this step.The total resistance to tapAbasedonmeasured flowrateand tappressurehas
already been determined using the formulas in Form V-2.2.5.7-1 (Form V-2.2.5.7-1M), which conform to the Lapple and
Levenspiel model. Calculate the equivalent length to tap A, ℓA, from the total resistance using the average friction factor
from Step 1(c):
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(U.S. Customary Units)

=

=

=

×
×

7.352831578 ft

A
K D

f4
1.3389762771 0.085

4 0.003869699

A

(SI Units)

=

=

=

×
×

2.241143065 m

A
K D

f4
1.3389762771 0.025908

4 0.003869699

A

Step 3 (From V-2.1.9.2, Step 3). The equivalent length from Step 2 should exceed the actual pipe length to the tap. The
excess resistance can be attributed to energy loss in the nozzle connecting the test rig to the vessel shown in Figure
V-2.1.9-1. Estimate the equivalent pipe length of the nozzle, ℓ0,A, by subtracting the actual length to tap A from the
equivalent length:

(U.S. Customary Units)
=
=
=

L
7.352831578 5.608
1.744831578 ft

A A A0,

(SI Units)
=
=
=

L
2.241143065 1.7093184
0.531824665 m

A A A0,

Step 4 (From V-2.1.9.2, Step 4). Repeat Steps 2 and 3 for the remaining taps.
(a) Tap B

(U.S. Customary Units)

=

=

=

×
×

9.929833414 ft

B
K D

f4
1.8082572438 0.085

4 0.003869699

B

=
=
=

L
9.92833414 8.223
1.706833414 ft

B B B0,

(SI Units)

=

=

=

×
×

3.026613225 m

B
K D

f4
1.8082572438 0.025908

4 0.003869699

B

=
=
=

L
3.020753385 2.506
0.520242825 m

B B B0,
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(b) Tap C

(U.S. Customary Units)

=

=

=

×
×

11.18320753 ft

C
K D

f4
2.0365010346 0.085

4 0.003869699

C

=
=
=

L
11.18320753 9.457
1.726207527 ft

C C C0,

(SI Units)

=

=

=

×
×

3.408641655 m

C
K D

f4
2.0365010346 0.025908

4 0.003869699

C

=
=
=

L
3.408641655 2.882
0.526148054 m

C C C0,

(c) Tap D

(U.S. Customary Units)

=

=

=

×
×

13.84635139 ft

D
K D

f4
2.5214688060 0.085

4 0.003869699

D

=
=
=

L
13.84635139 12.082
1.764350956 ft

D D D0,

(SI Units)

=

=

=

×
×

4.220367904 m

D
K D

f4
2.5214688060 0.025908

4 0.003869699

D

=
=
=

L
4.220367904 3.683
0.537774171 m

D D D0,
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Step 5 (From V-2.1.9.2, Step 5). Average the estimates for the nozzle equivalent length:

(U.S. Customary Units)

=

=

=

+ + +

+ + +

1.735555869 ft

0 4
1.744831578 1.706833414 1.726207527 1.764350956

4

A B C D0, 0, 0, 0,

(SI Units)

=

=
=

+ + +

+ + +

0.528997429 m

0 4
0.531824665 0.520242825 0.526148054 0.537774171

4

A B C D0, 0, 0, 0,

Step 6 (From V-2.1.9.2, Step 6)
(a) Using the average nozzle equivalent length, ℓ0, recalculate the equivalent length to tap A:

(U.S. Customary Units)

= +
= +
=

L
1.735555869 5.608
7.343555869 ft

A A0

(SI Units)

= +
= +
=

L
0.528997429 1.709
2.238315829 m

A A0

(b) Determine the corresponding total resistance to tap A:

(U.S. Customary Units)

=

=
=

× ×

K

1.337287097

A
f
D

4

4 0.003869699 7.343555869
0.085

A

(SI Units)

=

=
=

× ×

K

1.337287097

A
f
D

4

4 0.003869699 2.238315829
0.025908

A

(c) From the Lapple (1943) and Levenspiel (1977) model, for any of the four taps

= + +
K

Y

kM
r

k
k

r(1 )
1

ln1

1
2

2 (E-2-1)

= +i
k
jjj y

{
zzzP P
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r
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1
1

1 (E-2-2)
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where
K = total flow resistance to the tap
P = tap pressure, psia (kPa)
r = density ratio at the tap

Given the total resistance upstream of the tap, simultaneous solution of eqs. (E-2-1) and (E-2-2) will yield the theo-
retical tap pressure required in this step by V-2.1.9.2.
NOTE:Equations (E-2-1)and (E-2-2)were reduced fromeqs. 65and66 inAppendix I of Lapple (1943)with the following substitutions:

= +

=

Y M

r

1 k

v
v

1
1

2 1
2

1

2

Since v1/v2 = ρ2/ρ1, where ρ is the fluid density and subscripts are assigned as in Lapple, the parameter r is referred to here as the
density ratio.

(d) Solveeq. (E-2-1) for the tapAdensity ratio, rA, given the resistance,KA, from(b). Fixed-point iteration isused in this
example by rearranging eq. (E-2-1) as shown in eq. (E-2-3); the first two iterations are provided for illustration.

= + +i
k
jjj y

{
zzzr

kM
Y

k
k

r K1
1

ln1
2

1

(E-2-3)

Initial approximation is =r 1A .
(1) Iteration 1

= +

= +

=

+

× +

( )
( )

r r K1 ln

1 ln 1 1.337287097

0.8619579381

A
kM

Y
k

k A A
1

1.405 0.375094230450
1.02849087555

1.405 1
1.405

1
2

1
2

(2) Iteration 2

= +

=

× +r 1 ( ln 0.8619579381 1.337287097)

0.8331260322

A
1.405 0.375094230450

1.02849087555
1.405 1

1.405

2

After 16 iterations, the solution converges within 10−10 to rA = 0.8242451311.
(e) Evaluate eq. (E-2-2) to calculate the pressure predicted at tap A:

(U.S. Customary Units)

= +

= + ×

=

i
k
jjjj

y
{
zzzz

( )
P P Y r

52.92760355 1.02849087555 0.8242451311

43.03874635 psia

A
Y

r A1
1

1

1 1.02849087555
0.8242451311

A

1
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(SI Units)

= +

= + ×

=

i
k
jjjj

y
{
zzzz

( )
P P Y r

364.923 1.02849087555 0.8242451311

296.7417 kPa

A
Y

r A1
1

1

1 1.02849087555
0.8242451311

A

1

Step7 (FromV-2.1.9.2, Step 7). Repeat Step6 for the remaining taps. Thedensity ratio at each tap is foundnumerically as
described in Step 6(c); the calculation steps are omitted here.
(a) Tap B

(U.S. Customary Units)

= +
= +
=

L
1.735555869 8.223
9.9585555869 ft

B B0

=

=

=

× ×

K

1.813487652

B
f
D

4

4 0.003869699 9.9585555869
0.085

B

=r 0.7445916279B
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= + ×

=
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y
{
zzzz

( )
P P Y r

52.92760355 1.02849087555 0.7445916279

38.5070511 psia

B
Y

r B1
1

1

1 1.02849087555
0.7445916279

B

1

(SI Units)
= +
= +
=

L
0.528997429 2.506
3.035367743 m

B B0

=

=

=

× ×

K

1.813487652

B
f
D

4

4 0.003869699 3.035367743
0.025908

B

=r 0.7445916279B
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= + ×

=
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( )
P P Y r

364.923 1.02849087555 0.7445916279

265.4968 kPa

B
Y

r B1
1

1

1 1.02849087555
0.7445916279

B

1
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(b) Tap C

(U.S. Customary Units)

= +
= +
=

L
1.735555869 9.457
11.19255587 ft

C C0

= =
=

× ×K

2.0382034
C

f
D

4 4 0.003869699 11.19255587
0.085

C

=r 0.7009754472C

= +

= + ×

=
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k
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y
{
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( )
P P Y r

52.92760355 1.02849087555 0.7009754472

36.01296771 psia

C
Y

r C1
1

1

1 1.02849087555
0.7009754472

C

1

(SI Units)
= +
= +
=

L
0.528997429 2.882
3.411491029 m

C C0

=

=
=

× ×

K

2.0382034

C
f
D

4

4 0.003869699 3.411491029
0.025908

C

=r 0.7009754472C
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= + ×

=
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k
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y
{
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( )
P P Y r

364.923 1.02849087555 0.7009754472

248.3007 kPa

C
Y

r C1
1

1

1 1.02849087555
0.7009754472

C

1

(c) Tap D

(U.S. Customary Units)

= +
= +
=

L
1.735555869 12.082
13.81755587 ft

D D0

=

=

=

× ×

K

2.516225041

D
f
D

4

4 0.003869699 13.81755587
0.085

D

=r 0.5812828536D
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= +

= + ×

=

i
k
jjjj

y
{
zzzz
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P P Y r

52.92706355 1.02849087555 0.5812828536

29.04827366 psia

D
Y
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1

1
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D

1

(SI Units)
= +
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=

L
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D D0

=

=

=
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D
f
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D
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364.923 1.02849087555 0.5812828536

200.2808 kPa

D
Y

r D1
1

1

1 1.02849087555
0.5812828536

D

1

Step 8 (From V-2.1.9.2, Step 8). Find the error, ε, between the measured and calculated pressure at each tap as a
percentage of the calculated pressure.

(U.S. Customary Units)

= ×

= ×
=

100%

100%

0.043%

A
P P

P
43.0240195 43.03874635

43.03874635

A A

A

= ×

= ×
=

100%

100%

0.142%

B
P P

P
38.561844 38.5070511

38.5070511

B B

B

= ×

= ×
=

100%

100%

0.039%

C
P P

P
36.0269315 36.01296771

36.01296771

C C

C

= ×

= ×
=

100%

100%

0.344%

D
P P

P
28.9483255 29.04827366

29.04827366

D D

D
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(SI Units)

= ×

= ×
=

100%

100%

0.034%

A
P P

P
296.6402 296.7417

296.7417

A A

A

= ×

= ×
=

100%

100%

0.142%

B
P P

P
265.8746 265.4968

265.4968

B B

B

= ×

= ×
=

100%

100%

0.039%

C
P P

P
248.3969 248.3007

248.3007

C C

C

= ×

= ×
=

100%

100%

0.344%

D
P P

P
199.5917 200.2808

200.2808

D D

D

Since the percent error is within ±6% for all four taps, the test rig in this example is calibrated successfully by pressure
tap profile comparison.
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NONMANDATORY APPENDIX F
ð25Þ DESIGN GUIDELINES FOR PRESSURE-CONTAINING AND

PRESSURE-RETAINING SHELL PARTS OF PRESSURE RELIEF
DEVICES

F-1 INTRODUCTION

This Appendix contains nonmandatory guidelines for
designing the pressure-containing andpressure-retaining
shell parts of pressure relief devices such as bodies,
bonnets, yokes, nozzles, caps, body-to-bonnet joints,
cover-to-body joints, and rupture disk holders (see
Figures F-1-1 through F-1-5). This Appendix does not
address all aspects or methods of designing pressure
relief devices; engineering judgment consistent with
the philosophy of this Section should be applied. This
Appendix does not address the design guidelines for
the pilot of a pilot-operated pressure relief valve.
The symbols used for wall thickness, tm; inside

diameter, d; and allowable stress value, S, in these guide-
linesmight vary from those used in other standards refer-
enced herein.

F-2 ALLOWABLE STRESS VALUES

The allowable stress value, S, for material specified in
these guidelines is referenced from Section II, Part D. For
materials not listed in Section II, Part D, the allowable
stress value, S, should be calculated according to the refer-
encing code or Code case, as applicable. See Section II, Part
D, Table 3 for the allowable stress values for boltingmate-
rials. The allowable stresses of material may be exceeded
during the device pressure relief event.

F-3 BODY

Pressure relief device bodies can have either one
(primary) or two (primary and secondary) pressure
zones. The pressure class rating for primary and
secondary pressure zones may be the same or different,
depending on the design of the pressure relief device.
(a) Theminimumwall thickness, tm, of thebodyshall be

determined for theprimaryand secondarypressure zones
based on the pressure class of the respective pressure
zone or an otherwise specified design pressure. The
secondary pressure zone shall be designed for the total
maximum allowable back pressure, established by the
manufacturer, that includes the combined effects of

static head, built-up back pressure, and superimposed
back pressure permissible for that design.
(b) The rating temperatures for the primary and

secondarypressure zones shall be the design temperature
for the primary pressure zone and secondary pressure
zone, respectively.
(c) Theminimumwall thickness, tm, of thebodyshall be

determined using one of the following methods:
(1) Determine the wall thickness per ASME B16.34,

para. 6.1.1, using the applicable inside diameter, d, of the
primary and secondary pressure zones and the respective
pressure class. The inside diameter, d, for applicable pres-
sure zones of the body shall be determined per require-
ments of ASME B16.34, para. 6.1.2.

(2) Calculate thewall thicknessper SectionVIII, Divi-
sion 1, UG-27, using the applicable inside diameter, d, and
design pressure of the primary or secondary pressure
zone.

(3) Determine the wall thickness using classic
bending and direct stress equations, with appropriate
free-body diagrams. The general membrane stress shall
not exceed the allowable stress value, S , and the
general membrane stress plus bending stress shall not
exceed 1.5 S.
(d) The minimum wall thickness, tm, for the body neck

shall be determined using one of the following methods:
(1) Determine the wall thickness per ASME B16.34,

para. 6.1.3 corresponding to the applicable pressure zone
pressure class and body neck inside diameter, d.

(2) Calculate thewall thicknessper SectionVIII, Divi-
sion 1, UG-27 by evaluating for circumferential and lon-
gitudinal stress value due to internal pressure as defined
in Section VIII, Division 1, UG-23.
(e) Inlet neck wall thickness, tm, shall be adequate to

support both internal pressure and an imposed bending
load due to the discharge reaction force of the flowing
fluid. The device body inlet neck wall thickness, tm,
shall be analyzed for horizontal reaction forces due to
steady-state discharge of the pressure relief device at
maximum allowable overpressure. The reaction force
on the pressure relief device shall be evaluated as
shown in ASME B31.1, Nonmandatory Appendix II.
Bending and direct stress equations with the appropriate
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free-body diagram shall be used. When the nozzle of the
device acts as the inlet neck, the nozzle shall meet the
requirements of (d) and F-7.
(f) Additional metal thickness might be needed for

operating stresses, shapes other than circular, stress
concentrations, and adequate structural strength of
device body crotch areas for bending stresses and installa-
tion stress.
(g) Local areas with less than minimumwall thickness

are acceptable provided that all of the requirements of
ASME B16.34, para. 6.1.6 are satisfied.
(h) Dimensions for flanged inlet and outlet connections

shall be per ASME B16.34, para. 6.2.2 and the applicable
pressure class, or per API 6A or an applicable standard
fromDeutsches Institut fürNormunge. V., Japanese Indus-
trial Standards, or another organization. Bodies with
special connections shall be designed considering all rele-
vant loads specific to the application. ASME B16.34, Table
4 requirements apply for threaded and socket-welding
end wall thickness where applicable.
(i) It is recommended to have a gradual transition for

wall thickness between the primary and secondary pres-
sure zones.
(j) Body flange pressure limits may be exceeded for

short durations when the pressure relief device is
relieving up to the maximum allowable overpressure
by the referencing Code or Standard.

F-4 PRESSURE-CONTAINING BONNET

The bonnet shall be analyzed as a secondary pressure
zone part.
(a) The threaded section of bonnet top for a spring-

adjusting screw or bolt shall be analyzed for the condition
when it is subjected to full-lift spring load at maximum
allowable overpressure for the maximum permitted set
pressure and maximum secondary zone pressure. The
thread shear stress shall not exceed 0.6S. The bonnet
top may be analyzed using classic direct tensile and
shear stress equations with appropriate free-body
diagrams. The general membrane stress shall not
exceed the allowable stress value, S, and shear stress
shall not exceed 0.6S.
(b) Theminimumwall thickness, tm, of the bonnet shall

be determined using one of the following methods:
(1) Determine the wall thickness per ASME B16.34,

para. 6.1.1, using the applicable inside diameter, d, of the
primary and secondary pressure zones and the respective
pressure class. The inside diameter, d, for applicable pres-
sure zones of the body shall be determined per require-
ments of ASME B16.34, para. 6.1.2.

(2) Calculate thewall thickness per SectionVIII, Divi-
sion 1, UG-27, using the applicable inside diameter, d, and
design pressure of the primary or secondary pressure
zone.

(c) Additional metal thickness might be needed for
operating stresses, shapes other than circular, stress
concentrations, and adequate structural strength of
bonnet crotch areas for bending stresses and installation
stress.
(d) Local areas with less than minimumwall thickness

are acceptable provided that all of the requirements of
ASME B16.34, para. 6.1.6 are satisfied.
(e) The minimum wall thickness of the bonnet end

having pipe threads shall be as per ASME B16.34,
Table 4 where applicable.
(f) The bonnet-to-body and bonnet-to-cap threaded

joints shall be analyzed for thread shear stress, which
shall not exceed 0.6S.
(g) The bonnet flange dimensions are not required to

meet the ASME B16.5 flange dimensions for secondary
pressure class.
(h) See F-9 for body-to-bonnet and yoke-bolted joints

for the bonnet flange design.

F-5 NON-PRESSURE-CONTAININGYOKEOROPEN
BONNET

(a) The yoke threaded section for the spring-adjusting
screw or bolt shall be analyzed for the conditionwhen it is
subjected to full-lift spring load at maximum allowable
overpressure for the maximum permitted set pressure.
The thread shear stress shall not exceed 0.6S. The
yoke may be analyzed using classic bending and direct
stress equations, with appropriate free-body diagrams.
The general membrane stress shall not exceed S, and
the general membrane stress plus bending stress shall
not exceed 1.5S.
(b) See F-9 for body-to-bonnet and yoke-bolted joints

for the yoke flange design.

F-6 COVER OF A PILOT-OPERATED PRESSURE
RELIEF VALVE

The cover of a pilot-operated pressure relief valve is
subjected to primary and secondary zone pressures.
(a) The thickness of the cover shall be determined

using one of the following methods:
(1) Calculate the cover thickness as per Section VIII,

Division 1, UG-34(c)(2). The cover shall be considered to
be a blind flange attached by bolts causing an edge
moment.

(2) Determine thecover thicknessbyconsidering the
total force acting under the cover and using the appro-
priate free-body diagram. The bending stress shall not
exceed 1.5S. The shear stress shall not exceed 0.6S.
(b) See F-10 for body-to-cover bolted joints for the

cover design.
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F-7 NOZZLE

(a) Theminimumwall thickness, tm, of the nozzle shall
be determined using one of the following methods:

(1) Determine the wall thickness based on general
membrane stress limits. If the nozzle is a pressure-
containing part of the shell, the general membrane
stress value shall not exceed the stress value, S. For
nozzle designs that are not pressure-containing, the
general membrane stress shall not exceed 1.5S or the
yield strength of the material at the design temperature.

(2) Calculate thewall thicknessper SectionVIII, Divi-
sion 1, UG-27.
(b) The requirements of (a) are not applicable to the

transition region to the seat-contacting area of the nozzle
defined by dimension L (see Figure F-1-5), provided
dimension L is less than the nominal wall thickness, tm.
(c) The primary pressure zone hydrostatic test pres-

sure shall be considered when designing the nozzle
seat area and material thickness of the seat and adjacent
area that separates the primary pressure zone from the
secondary pressure zone.
(d) The minimum wall thickness of the nozzle end

having pipe threads shall be as per ASME B16.34,
Table 4 where applicable.
(e) The nozzle threads shall be analyzed for thread

shear stress, which shall not exceed 0.6S.

F-8 CAP

(a) The minimum wall thickness of the cap shall be
determined at the maximum secondary zone pressure
using one of the following methods:

(1) Determine the thickness by using the appro-
priate free-body diagram for membrane stress. The
general membrane stress shall not exceed S, and shear
stress shall not exceed 0.6S.

(2) Calculate the thickness per Section VIII, Division
1, UG-27.
(b) The minimum wall thickness of the cap end having

pipe threads shall be as per ASME B16.34, Table 4 where
applicable.
(c) The cap threads shall be analyzed for thread shear

stress, which shall not exceed 0.6S.
(d) A bolted cap flange joint shall be designed per

Section VIII, Division 1, Mandatory Appendix 2. The
bolted cap flange shall be designed to resist the
maximum secondary design pressure.

(1) The bolt stresses shall not exceed the allowable
stress value, S.

(2) The thread shear stress shall not exceed 0.6S.
(3) For flange stresses
(-a) longitudinal hub stress shall not exceed 1.5S

except for cast iron, which shall be the allowable stress
value, S

(-b) the radial and tangential stresses shall not
exceed allowable stress, S

(-c) the average of the combined (longitudinal hub
stress + radial stress) or the average of the combined (lon-
gitudinal hub stress + tangential stress) shall not exceed
the allowable stress value, S

F-9 BODY-TO-BONNET AND YOKE-BOLTED
JOINTS IN A SPRING-LOADED PRESSURE
RELIEF VALVE

The body-to-bonnet or yoke-bolted joint shall be
designed using one of the following methods:
(a) Section VIII, Division 1, Mandatory Appendix 2 re-

quirements. The body-to-bonnet bolting shall be designed
to resist the hydrostatic end force of the rated maximum
secondary design pressure combinedwith the total spring
load to full lift atmaximumallowable overpressure for the
maximum permitted set pressure. The design shall also
maintain sufficient compression for a tight joint on the
gasket or joint contact surface.

(1) The bolt stresses for these loadings shall not
exceed the allowable stress value, S.

(2) The thread shear stress shall not exceed 0.6S.
(3) For flange stresses
(-a) longitudinal hub stress shall not exceed 1.5S

except for cast iron, which shall be the allowable stress
value, S

(-b) the radial and tangential stresses shall not
exceed allowable stress, S

(-c) the average of the combined (longitudinal hub
stress + radial stress) or the average of the combined (lon-
gitudinal hub stress + tangential stress) shall not exceed
the allowable stress value, S
(b) ASME B16.34, para. 6.4 requirements.

F-10 BODY-TO-COVER BOLTED JOINT IN A PILOT-
OPERATED PRESSURE RELIEF VALVE

The body-to-cover bolted joint shall be designed using
one of the following methods:
(a) Section VIII, Division 1, Mandatory Appendix 2, re-

quirements. The body-to-cover bolting shall be designed
to resist the hydrostatic end force of the rated maximum
primary and, if applicable, secondary design pressures to
maintain sufficient compression for a tight joint on the O-
ring, gasket, or joint contact surface.

(1) The bolt stresses for these loadings shall not
exceed the allowable stress value, S.

(2) The thread shear stress shall not exceed 0.6S.
(3) For flange stresses
(-a) longitudinal hub stress shall not exceed 1.5S

except for cast iron, which shall be the allowable stress
value, S

(-b) the radial and tangential stresses shall not
exceed allowable stress, S
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(-c) the average of the combined (longitudinal hub
stress + radial stress) or the average of the combined (lon-
gitudinal hub stress + tangential stress) shall not exceed
the allowable stress value, S
(b) ASME B16.34, para. 6.4 requirements.

F-11 RUPTURE DISK HOLDER

(a) The circumferential stress (basic hoop stress) shall
be calculated at design pressure and temperature per
Section VIII, Division 1, UG-27. The circumferential
stress shall not exceed the allowable stress, S, of themate-
rial.
(b) The longitudinal stress (only if structural circum-

ferential welding is performed) shall be calculated at
design pressure and temperature per Section VIII, Divi-
sion 1, UG-27. The longitudinal stress shall not exceed
the allowable stress, S, of the material.
(c) The bite area of the rupture disk holder is exempt.

(d) The assembly bolting of the rupture disk holder is
exempt.

F-12 FINITE ELEMENT ANALYSIS

Pressure-containing shell parts of pressure relief
devices may be designed using finite element analysis.

F-13 EXCEPTIONS

(a) The localized stresses may exceed the allowable
stress.
(b) The stresses may be greater than allowable stress

when valves are gagged during the hydrostatic testing of
parts.
(c) Previous designs that have been proven in service

thatmay notmeet all of the requirements in this Appendix
are acceptable.

Figure F-1-1
Spring-Loaded Pressure Relief Valve

Bonnet

Cap

Body-to-bonnet bolted joint

Adjusting screw or bolt

Nozzle

Body
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Figure F-1-2
Pilot-Operated Pressure Relief Valve

Cover

Pilot control

Body-to-cover bolted joint

Body
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Figure F-1-3
Pressure Relief Valve (Yoke or Open Bonnet)

Yoke or open bonnet
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Figure F-1-4
Rupture Disk

Disk holder

Disk holder
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Figure F-1-5
Nozzle
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